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Abstract

Upper gastrointestinal surgery has progressively moved from the surgically open
abdomen to minimally invasive surgery, largely due to technological improvements in
instrumentation. A direct result of this Gestalt has been improved patient comfort,
rapid recovery and significantly less length of stay in the hospital and therefore
significant cost-savings. This was the key impetus to my development of many of the
skills in minimally invasive surgery and the subsequent dissemination to other
surgeons in an organized and well-recognized teaching system. Many of the novel
techniques of this type of surgery led to several publications both in the English and
French oncological and gastrointestinal literature. In philosophical terms, it also led
to a significant interest in gastrointestinal physiology and the setting up of a
reference laboratory that led to many research publications on gastroesophageal
reflux in terms of 24-hour pH/impedance and manometry. These skills also allowed
the joint development and validation of a scintigraphic test for gastroesophageal
reflux and its extra-oesophageal manifestations in the head, neck, and lungs. It
allowed significant advances in the recognition of extra-oesophageal manifestations
of reflux with the production of five PhD candidates, one of which has already been
completed and two are approaching submission through the University of Notre

Dame.

The implementation of minimally invasive surgery and its basis in physiological
testing has spawned numerous publications that have significantly advanced upper
gastrointestinal surgical outcomes which have been documented in the surgical and

medical literature.
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Introduction

My current role is the chairman of a major teaching hospital surgical department training multiple
national, ANGOSA and international post fellowship trainees, guiding clinical research, and pursuing
clinical research in techniques of investigation of typical and atypical reflux disease. | have had innovative
involvement in the curative management of oesophageal cancer and development of minimally invasive

techniques of surgery.

During surgical training my initial interest in investigation of surgical diseases led to pursuit of a year of
research, | was awarded the Mitchell Crouch fellowship of the RACS, to allow laboratory research in
animals investigating platelet functionality with vascular turbulence using radioactive indium. This work
was innovative and led to several presentations and publication and an award from the vascular surgical
society of Australia. | finished my surgical training and followed this translational research with a more
practical area of innovation in the surgical treatment of complex duodenal ulceration. This area also had a
physiological background in the study of the secretion of acid moderated by neural mechanism and
gastrointestinal hormones, and mucosal resistance which were very much integral to the clinical

management.

My experience in clinical problem solving often stimulated worthwhile questions and there followed a
varied contribution where current management allowed a potentially improved alternative approach to

be evaluated.

The previously undifferentiated course of surgical training became more focused in later years of post-
fellowship training becoming more involved in upper gastrointestinal disease. Overseas experience
followed with time spent in oesophagogastric units. | travelled to the East Birmingham Chest Hospital
gaining oesophageal physiological training in the laboratory and visiting with Prof Hugo Matthews a
world-renowned oesophageal surgeon. | trained in North Staffordshire with colleagues of Prof Ronald
Belsey and learned his world recognised techniques of antireflux surgery which were at the forefront of

management during those years. | travelled via America to the influential service of Prof Tom DeMeester



who was then in Creighton University, Omaha, in a very well recognised oesophagogastric centre, as
head of Department. He was later to become the senior professor at the University of California, Los
Angeles. He co-developed the remarkable techniques of 24-hour pH reflux study which became the world
recognised diagnostic test for standard reflux disease. | continued to pursue this substantive Interest in

oesophageal physiology and surgery of the oesophagus and cardio-oesophageal junction.

With appointment to a consultant position of surgery and a responsibility for oesophagogastric surgery
and the cardio-oesophageal junction and associated surgical endoscopy, it became my full time remit
at the Repatriation Gen Hospital Concord in 1988. | established several surgical centres for
interventional endoscopy in a number of major teaching hospitals in Sydney during this period, and was
instrumental in the development in major centres in the country. | introduced laser endoscopy to
Sydney and for many years re-canalised malignant oesophageal disease as the primary palliative
treatment of patients with oesophageal obstruction from malignancy. This was not performed any

where else in Sydney.

A revolution in understanding of the causation of upper gastrointestinal diseases occurred during this
time, and also revolutionary technological advances in surgery during the late 80s. The development of
antisecretory medication and an awareness that duodenal ulceration was an infective disease which
could be managed by antibiotics rather than surgery occurred. Laparoscopy was introduced and | was at
the forefront of innovative techniques and teaching in this area for many years until it became
mainstream. | ran the Sydney advanced laparoscopic training (SALT) course between 2003 and 2007,
the only such facility in Australia and attracted young surgeons nationwide for the three, week-long

sessions, each year.

| pursued multiple techniques of innovation in both open and minimally invasive surgery over the years
with a focus on the development of hiatal (oesophago-gastric) surgery with antireflux therapy, giant

hiatus hernia repair, and diagnosis of oesophageal diseases both benign and malignant.
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This was facilitated by the long-standing surgical oesophageal laboratory which | established for
the management of oesophageal disease and reflux very early in my career on returning from the
UK. This was later to be invaluable in the management of atypical symptomatology of reflux and
integral to the development of nuclear medical testing which identified extra-oesophageal reflux
and pulmonary, diseases associated with reflux events. | became head of my hospital department
of upper gastrointestinal surgery in 2003 and was awarded the title of clinical associate Professor
for research and teaching at that time. Both through teaching and publication, this work influenced

many surgeons nationally and internationally.

In cooperation with my colleague Prof Hans Van Der Wall, we established and validated a testing
regimen which has become a major focus of research, which demonstrated hitherto unrecognised
extra-oesophageal disease (although suspected) associated with the regurgitation events
becoming extra oesophageal (so called atypical reflux disease). The understanding of the
physiology of this situation evolved with thorough investigation and it became demonstrably
evident that there was a major motility component in the genesis of symptoms and complications
of the diseases. it was also seen that appreciation of the extent of the reflux event has implications
for sinus disease, pulmonary disease, and laryngopharyngeal symptoms. The testing program
utilised modern nuclear medicine technology of hybrid gamma camera and SPECT scanning to
localise gastric isotope refluxing into pharynx and larynx, sinuses, lung and even eustachian tubes.
This was validated against standard oesophageal physiological techniques in my laboratory, and
against surgical treatment. Normal values were obtained. This work was enthusiastically received
by members of the respiratory, ear nose and throat and gastroenterological community
internationally. The ramifications for a new understanding of multiple different diseases previously
not evident although long suspected but were positively diagnosed by this technique. The
commencement of the program to has allowed the appreciation of the cause of disease in different

areas in respiratory medicine, ear, nose and throat and gastroenterology and will require the
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development of new concepts and new treatments. There is increasing interest from multiple

centers around the world.
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DEFINITIVE IMPROVED DUODENAL ULCER SURGERY: HIGHLY
SELECTIVE VAGOTOMY IN THE TREATMENT OF ACUTE
COMPLICATIONS

Duodenal ulcer was a substantial problem in society for hundreds of years. There was a large workload
managing perforation of the duodenum and lethal bleeding events as well as chronic disease and pain
requiring extensive hospitalisation in a substantial proportion of the population. Surgery was
performed frequently and was one of the most common operations in my early years as a surgeon.
Considerable physiological research was carried out in the understanding of vagal nerve innervation of
acid secretion and gastrointestinal hormonal research in the genesis of ulcer disease by surgeons, with
a view to management of this disease. Management at often required removal of parts of the stomach
(gastrectomy) or division of the vagus nerve to reduce acid secretion. This had consequences of
attendant complications and longer-term symptomatic sequelae. The highly selective vagotomy
technique was developed as it had less quality-of-life implications and controlled ulcer disease. Patients
undergoing emergency surgery, however, were often treated with old-fashioned complicated surgery
with major long-term sequelae. The group | worked with develop techniques of utilising highly selective
vagotomy in the acute situation offering good control of ulcer disease with minimal longer term side

effect.

Before demonstrating the efficacy of HSV in the acute management of duodenal complications patients
were often subject to long-term lifestyle quality of life downside following a truncal vagotomy or gastric
resection which were substantial. The development and popularisation of the better-quality technique
of HSV allowed patients cure of duodenal ulcer in a high proportion, but minimal side effects.
Publication and repeated presentation on the national stage was instrumental in changing the practice
of the management of complications of duodenal ulcer to the patient’s advantage in the longer term.
Following use of these techniques for a decade or more, antisecretory drugs and identification of the
causal effect of Helicobacter pylori allowing antibiotic therapy, replaced these techniques.

References:

1. Brancatisano R, Falk GL, Hollinshead JW, Gillet DJ. Bleeding duodenal ulceration: the results of
emergency treatment with highly selective vagotomy. Aust N Z J Surg. 1992;62(9):725-8.

2. Falk GL, Hollinshead JW, Gillett DJ. Highly selective vagotomy in the treatment of complicated
duodenal ulcer. Med J Aust. 1990;152(11):574-6.
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BLEEDING DUODENAL ULCERATION: THE RESULTS OF
EMERGENCY TREATMENT WITH HIGHLY SELECTIVE VAGOTOMY

R. BRANCATISANO, G. L. FALK, J. W. HOLLINSHEAD AND D. J. GILLET

G. I Unit, Department of Surgery, Concord Hospital, Concord, New South Wales, Australia

We report the results of a prospective study of all patients undergoing highly selective vagotomy (HSY) for
bleeding duodenal ulceration (BOU) at Concord Hospital between 1979 and 1989. Highly selective vagotomy
was undertaken in 63 patients (58 male, 5 female) with a median age of 69 years (range: 16-89). Fifty-five patients
were reviewed, 7 patients having died in the peri-operative period and one being lost to follow-up. The mean period
to review was 50 months (range: 1-120). Thirty-six patients have been followed-up for more than 24 months.
Thirty-day postoperative mortality was 11 % (7 patients). Combined major and minor morbidity was 41% .
Postoperative rebleeding occurred in four patients (6.3% ), three of whom died. Ulceration had recurred in two of
55 patients (4%). Symptoms have been evaluated in 55 patients since operation and 93% have been graded as

Visick I or II.

We conclude that HSY is effective in the emergency treatment of BOU and has few long-term sequelae.

Key words: bleeding duodenal ulcer, highly selective vagotomy.

Introduction

Highly selective vagotomy (HSY) is widely accept- ed
as the treatment of uncomplicated duodenal ul- cer
(DU) because of its low mortality and minimal
operative sequelae. '- ° It has largely replaced trun- cal
vagotomy and drainage. ¢ ® The use of HSY in the
treatment of DU complicated by bleeding is less well
established. Johnston ef al. recommended the use of
HSY for bleeding duodenal ulcers (BDU) in 1973 to
prevent the sequelae of truncal vagoto- my.’ ' Good
early results using HSY for bleeding duodenal ulcers
in small series of patients have been reported. 1" °
At Concord Hospital, HSY has been shown to be
an effective procedure in the elective treatment of
intractable DU.® Encouraged by these results, the use
of HSY in the emergency treatment of bleeding
duodenal ulcers was adopted. This paper reports our
medium-term experience with HSY in this situation.

Methods

A prospective record of all patients undergoing
HSY for BDU at Concord Hospital was kept from
1979 onwards. It has been the Unit policy since

Correspondence: Mr G. Falk FRACS, 2nd Floor Clinic,
Department of Surgery, Concord Hospital, Concord, NSW 2139,
Australia.

Accepted for publication 19 March 1992.

1981 that all patients with BDU, without historyof
gastric ulcer, should undergo HSY as definitive
treatment at the time of surgery for bleeding.
Patients reported in this study since 1981 have
therefore been consecutive and unselected.

Indications for surgery, associated illnesses and
postoperative complications were recorded on a
proforma for computer analysis. A pre-operative
illness rating for each patient was calculated from
data on the proforma. The presence of shock and
disease within an organ system was arbitrarily
scored as one, and the total number was considered
the pre-operative 'illness score' of that patient.

The patients were divided into two groups,
depending on the reason for admission to hospital:
Type A patients were those admitted with a bleed-
ing DU; and Type B patients were those admitted
with another illness who developed a bleeding DU
during the admission.

A standardized technique of highly selective va-
gotomy was performed on all patients. The ulcer base
was oversewn in all patients through a duoden- otomy
or pyloroduodenotomy. Our policy was to operate
for bleeding when there was haemodynamic
instability, when the 4 unit transfusion threshold was
exceeded, or significant recurrent or continued
haemorrhage occurred.

The patients were reviewed (by R. B.) and as-
signed a symptom score as modified by Goligher et
a/. '® Patients who died after the last review were
assigned a symptom score at time of last review. If
the results were indeterminate, the local medical
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officer and family were interviewed and a grading
made. Patients whose symptoms were suggestive of
ulcer recurrence were submitted to endoscopy.

Results

Highly selective vagotomy for BDU was performed
on 63 patients (58 male, 5 female) with a median age
of 69 years (range: 19-89). Fifty-two patients (type
A) were admitted because of a BDU. Eleven patients
(type B) were admitted with another illness

which became complicated by a BDU while in hos-
pital. Routine approach to the ulcer bed was througha
duodenotomy, but four cases required a pyloro-
duodenotomy for access, which was reconstituted
longitudinally. Accompanying outlet obstruction
was treated by duodenoplasty or pyloroplasty in
eight patients, and gastroenterostomy in one patient.

MORTALITY

Type A patients had a mean pre-operative illness
score of 1.6 and a mean age of 62 years. The 30 day
mortality rate in this group was 3.8%. Type B
patients had an illness score of 4.0 (P < 0.05), a mean
age of 71 years and a 30 day mortality rate of 45%.
The cumulative 30 day mortality rate for type A and
B patients was 11% (7 patients). The mean age,
coincident diseases and mortality rates of each group
are presented in Table L.

REBLEEDING

Early rebleeding occurred in 6.3% of cases (4
patients), three of whom died. Two patients suc-
cumbed prior to re-operation due to multi-organ
failure. A Polya gastrectomy was performed on the
other two patients, with one death from multi-organ
failure. Major and minor complications occurred in
41% of patients.

REVIEW

Fifty-five patients were reviewed. The mean period
of follow-up was 50 months (range: 1-120). Thirty-
six patients (65%) have been reviewed for more than
24 months. In the period since last

Table L Pre-operative risk factors: Mortality

Mean
Mean  pre-op.
No. age illness  Mortality%
patients (Years) score (30 days)
Type A* 52 62 1.6 3.8
Type Bt 11 71 4.0 45

P < 0.05, Chi-squared lest.
*BDU only.
tBDU in hospital.
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Table 2. Postoperative symptom scoring

Visick grade Patients Patient satisfaction
No. <o

1 38 70 Excellent (93% )

2 13 2§ 5

3 2 ’ Unsatisfactory (7%)

4 2 3.5

Table 3. Sequelac of HSY

Symptom No.
Major
Recurrence 2
Diarrhoea
Dyspepsia
Minor*
Fullness 11
Dyspepsia 5
Dumping 1
Flatulence I
Regurgitation

*On direct questioning.

review 14 patients had died of unrelated causes.
Recurrent ulceration has occurred in two patients
(4%). A further six have had mild dyspepsia with no
ulceration on endoscopy. Fifty-one of the 55 patients
reviewed (93% ) had an excellent sympto- matic
outcome (Table 2). Unsatisfactory modified Visick
gradings were assigned to patients with per- sistent
dyspeptic symptoms or troublesome diarr- hoea (I11)
or those with proven ulcer recurrence (IV). The
main sequelae following HSY are listed in Table 3.
Early post-prandial epigastric fullness occurred in 11
patients and was easily resolved by minor dietary
adjustment in all cases. It was only detected by
direct questioning.

Discussion

Although Johnston et al. advocated the use of HSY
for selected cases of BDU in 1973° it has not
been widely adopted as routine emergency thera- py.
1.0 11 17-18  Truncal vagotomy and drainage
has remained the procedure most commonly prac-
tised.17 It has low rates of mortality, rebleeding and

ulcer recurrence-,% ¥ 20 25 but a higher incidence
of vagotomy-induced diarrhoea and dumping. As

reported by Miller et al. (unpubl. data) and others,

these Sﬁmgtoms occur in 5-25% of patients treated
by TVD 6.16,21,22

MORTALITY

An overall mortality rate of 11% as achieved with
the use of HSY is comparable with the mortality
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rates experienced by other authors performing TYD.
Mortality rates have been reported between 2.5 and
20%.20.23-29

There have been a few reports of HSY used in
treatment of BDU in the recent English-language
surgical literature, detailing a total of 114 patients.®
1317 18 The.combined 30 day mortality

rate of these series is 3%. Such a low mortality has
been achieved by careful patient selection and ex-
clusion of all patients of advanced age (combined
mean age: 51 years). By contrast, this series is
predominantly aged (mean: 69 years) and has a high
rate of intercurrent illnesses.

In this series, the risk of death following surgery
was shown to be low (3.8%) in type A patients and
high (45% ) in type B patients. The proportion of each
type within a given series influences overall rates of
mortality. Similarly, the presence of other illnesses and
of increasing age have been shown by Pimpl et a /. %
and others'® 203 1 34 to be causes of increased mortality.
Adoption of a 'unit' policy with uniform attitudes to
early management has been effective in lowering
mortality. 3¢

REBLEEDING

The rate of rebleeding following HSY and oversew

of BDU is similar to the rates reported (4-10%) for
TYD. 202536

RECURRENCE

Ulcers have recurred in two patients (4%) after a
mean period of follow-up of 50 months. This rate is
similar to the experience of this unit in the elective
treatment of DU, where recurrence occurred in 5.3%
of patients. 3 It has been generally reported that most
ulcers recur within 2 years after sur- gery,37-39 but
others report an increasing incidence of recurrent
ulceration with time. ' Recurrence rates of TVD
have been reported as varying be- tween 2 and 15%
2022 We believe that the 4% recurrence rate reported
is comparable with rates reported following TYO.

SYMPTOMATIC OUTCOME

Ninety-three per cent of patients in this series had
an acceptable outcome on review - no different from
the elective results reported by Hollinshead et a/. *
This contrasts with reports of TYD in which post-
truncal vagotomy diarrhoea and dumping was a
considerable problem in upwards of 20% of patients.®
16 21 22 It is evident that HSY is as effec-
tive as TVD in urgent situations, but eliminates
post-vagotomy symptoms almost entirely.

Conclusions

The following conclusions were reached:
* Highly selective vagotomy is as effective as TVD

15
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in the emergency treatment of bleeding duodenal
ulcer. but has significantly fewer long-term
sequelae.

Highly selective vagotomy is the preferred option
for emergency treatment of bleeding duodenal
ulcer, in Group A type patients.

Mortality rates are high in patients for whom

bleeding ulcer complicates hospitalization for
another illness.
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Highly selective vagotomy in the treatment of complicated

duodenal ulcer

Gregory L Falk, John W Hollinshead and David | Gillett

ABSTRACT Highly selective vagotomy has been utilized urgently in 33
patients with bleeding duodenal ulcer, 16 patients with pyloric stenosis and
six patients presenting with perforated ulcer. Five patients died after surgery
for bleeding duodenal ulcer, and two patients rebled after surgery. Forty-
eight patients were reviewed at a mean of 28 months with an excellent
outcome being obtained in 45 patients. Two of the three patients with poor
results had proven ulcer recurrence while the third patient required reoper-
ation for recurrent pyloric stenosis. No patient has suffered diarrhoea after
vagotomy. Highly selective vagotomy is an effective treatment for urgent
management of complicated duodenal ulceration and is without trouble-
some post-vagotomy symptoms.
(Med ) Aust 1990; 152: 574-576)
n the last decade highly selective vagotomy has largely replaced
Itruncal vagotomy and drainage '-* as the operation of choice
for intractable chronic duodenal ulceration, mainly because it
is associated with a very low mortality rate and has minimal postoper-
ative sequelae.*-® However, in patients with complicated duodenal
ulceration, highly selective vagotomy has been less uniformly
employed. Johnston has obtained good early results using highly
selective vagotomy for bleeding duodenal ulcer and pyloric
stenosis,”!® as has Jordan for patients with perforated duodenal
ulceration.*!

In spite of the good results reported in the elective situation, highly
selective vagotomy in the treatment of complicated duodenal ulcer-
ation has not been widely reported. It has been shown to be a
successful procedure in the elective management of intractable
duodenal ulceration at our hospital.® Encouraged by these results
our unit has adopted a policy of using highly selective vagotomy
in the management of patients with complicated duodenal ulcer. This
paper reports the results of these procedures.

Patients and methods

Fifty-four patients underwent highly selective vagotomy as part of their proce-
dure for the management of complicated duodenal ulceration between 1979
and 1985. A further patient underwent highly selective vagotomy and dila-
tation in 1974 and the result of this patient is included in the study. Review
of patients was completed in December 1985.

Bleeding duodenal ulcer

Since 1979, it has been the policy of the gastric surgical unit that all patients
undergoing operation for bleeding duodenal ulcer only underwent highly selec-
tive vagotomy and suture of the bleeding point. Criteria for operation were
age over 60 years, being in shock on admission to hospital, a maximum trans-
fusion threshold of four units of blood and recurrent or continued bleeding
during hospital stay. Additionally, other illnesses and poor medical condi-
tion were indications for more expeditious surgery, and a policy of early
operation was followed. During this period almost all ulcer surgery was
performed by the unit.

Patient details, indication for surgery, associated illnesses and postopera-
tive complications were recorded prospectively. A preoperative illness rating
was calculated from the records. Each organ system which was diseased, as
well as the presence of preoperative shock, was allocated one point and the
total number was considered the “‘illness score’’ of that patient. Similarly,
amorbidity score was derived by allocating each complication, such as pneu-
monia, stroke, acute myocardial infarction, one point and the sum of these
being the morbidity score.

Stenotic duodenal ulcer
All patients undergoing operation for pyloric or duodenal stenosis under-
went highly selective vagotomy unless there was associated gastric ulceration,
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Perforated duodenal ulcer

A small selected group of fit patients with a history of chronic ulcer and
minimal general peritoneal contamination underwent highly selective
vagotomy with patch closure of the duodenum.

Review

All patients were reviewed after surgery by one of the three authors. Each
patient was assigned a Visick grading using the method modified by Goligher
et al.* Patients with symptoms suggestive of recurrent ulceration were
submitted for endoscopy.

Results

A total of 55 patients underwent highly selective vagotomy for
complicated duodenal ulceration., Major complications after the
operation occurred in 13 patients (23%) and five patients died (9%).
Minor complications occurred in a further 41% of patients, mostly
respiratory and urinary. All deaths occurred in those patients with
bleeding duodenal ulceration.

Review of 48 patients was completed at a mean period of 28
months (range, 4-132 months). Two patients were lost to review.
Satisfactory results were obtained in 45 patients and three were consi-
dered symptomatic failures. Two of these patients had proven ulcer
recurrence and the third had recurrent pyloric stenosis. The overall
proven ulcer recurrence rate was 4%, and all recurrences occurred
in the group of patients with pyloric stenosis.

Highly selective vagotomy in the treatment of bleeding
duodenal ulcer
Thirty-three patients (three women, 30 men) with a mean age of 64
years underwent highly selective vagotomy and oversewing of the
bleeding point. The mortality within this group was 15% (five
patients). The patients have been grouped according to the presen-
tation to the surgical service and mortality noted: group A — 25
patients admitted with bleeding duodenal ulcer (one death); group
B — eight patients admitted with another illness who developed a
bleeding duodenal ulcer during the hospital admission (four deaths).
The age, coincident illness and outcome of patients in these groups
are listed below.

Characteristics Group A Group B
Number 25 8
Mean age (years) 61.8 71.2
Mean preoperative illness score 1.8 1
Number of deaths 1 4*

*P<0.01, Fisher’s exact test.

One patient (4%) in group A died, an 85-year-old woman who
aspirated during endoscopy before surgery. Group-B patients, by
contrast, were older, had multiorgan disease and had a significantly
higher mortality (Fisher’s exact test, P<0.01). Two patients (6%)
rebled within the perioperative period after highly selective vagotomy,
one in each group. One patient died after reoperation for perioper-
ative rebleeding. Three patients died from multiorgan failure. A
further patient died suddenly of pulmonary embolism eight days after

TABLE: Outcome (Visick score) of highly selective vagotomy

No. of

patients Visick score
Complication reviewed 1 2 4
Bleeding ulcer 33+ 23 3 -
Pyloric stenosis 16 10 3 3
Perforation 6 6 - -

*Twenty-six patients were reviewed.
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surgery, the convalescence having been uneventful to that point.
Twenty-six patients were reviewed at a mean period of 23 months
after operation. Five patients had died perioperatively, and two were
lost to follow-up. All 26 patients reviewed had satisfactory results,
23 patients being graded Visick score 1 and three graded Visick score
2 (Table). There was no late recurrent ulceration in this group.

Highly selective vagotomy in the treatment of duodenal ulcer
causing stenosis

Sixteen patients underwent highly selective vagotomy and an ancil-
lary procedure for duodenal ulcer causing stenosis. Finger dilatation
was performed in 13 patients and was technically successful in 11.
In two patients pyloric rupture occurred due to forceful dilatation.
Both ruptures were primarily sutured and a gastroenterostomy
performed. One patient was judged unsuitable for dilatation because
of severe stricturing and required gastroenterostomy. Two patients
underwent duodenoplasty for postbulbar stenosis. There was no
mortality and only minor morbidity in this group. There was no peri-
operative complication subsequent to pyloric rupture.

All 16 patients were reviewed at a mean period of 34 months and
13 showed satisfactory results. Three patients did not have a satis-
factory outcome (Table). One patient suffered stomal ulceration and
dumping after intraoperative pyloric rupture and gastroenterostomy.
Two other patients had recurrent stenosis. One patient was found
to have a recurrent ulcer while the second patient developed stenosis
subsequent to duodenoplasty and no ulcer recurrence was demon-
strated. The proven ulcer recurrence rate for highly selective
vagotomy in the stenotic group was 12% (2 in 16 cases).

Highly selective vagotomy for perforated duodenal ulcer

Highly selective vagotomy has been performed after the closure of
perforation of six selected cases of perforated duodenal ulcer. All
patients had chronic ulcer diathesis and one a recurrent perforation.
One patient required concurrent gastroenterostomy as the duodenum

had severe stenosis. There was no mortality and only minor
morbidity. At review all patients were graded Visick score 1. There
was no ulcer recurrence in this group.

Discussion

There have been numerous operations used to control duodenal ulcer
diathesis — partial gastrectomy, varieties of vagotomy and drainage,
and highly selective vagotomy. The mortality rate associated with
each procedure is different being 1% to 2% for partial gastrec-
tomy,*!%'30.9% for truncal vagotomy and drainage!-*'*!% and less
than 0.2% for highly selective vagotomy. The postoperative
morbidity of partial gastrectomy is well recognized.'***'*'” Truncal
vagotomy and drainage also has a highincidence of sequelae, in some
series approaching 25%, most commonly caused by diarrhoea and
dumping.!'***-7-1¢ The aim of our practice has been to avoid the
sequelae of truncal vagotomy and drainage by utilizing highly selec-
tive vagotomy in elective and now, complicated, duodenal ulcer
disease.

Pimpl et al. have demonstrated that the mortality of surgery for
bleeding ulcers is strongly correlated with preoperative status.'® In
our group-A patients treated with highly selective vagotomy and
oversewing of the bleeding point there was a low mortality (4%),
in spite of the majority having two coincident illnesses and an average
age of 62 years.

Group-B patients fared considerably worse, 50% dying in the
postoperative period. Pimpl et al. have demonstrated the rapidly
rising mortality with age over 60 years and coincident illness.’”* Wara
et al. report a 38% mortality in a similar group?*® and Thorne and
Nyhus a 44% mortality in their series treated by gastrectomy.?' The
danger of bleeding complicating another illness has been demon-
strated by Larson et al., with mortality increasing in their series from
19% to 30% if bleeding started in hospital.?* These data demon-
strate the effect of age and coincident illness on the mortality from
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upper gastrointestinal haemorrhage.?*-*” This mortality rate is not
acceptable and avenues other than operation should be evaluated
in an attempt to improve these results. Selected patients in this high-
risk group may benefit from endoscopic therapy as a preoperative
stabilizing manoeuvre,!®-20-28.2

The choice of operation also affects survival. In the 1960s it
became evident that the mortality of massive gastrointestinal haemor-
rhage was reduced from 23%-36% for partial gastrectomy?'? to
6%-16% when truncal vagotomy and drainage was
performed.?!2*-26-*° We have obtained results with highly selective
vagotomy which are comparable with other series utilizing truncal
vagotomy. Highly selective vagotomy and oversewing successfully
controlled bleeding in our series, the 6% rebleeding rate being similar
to that achieved with truncal vagotomy and drainage.2-25-%

Excellent symptomatic results were obtained on short-term review,
all patients having a satisfactory outcome. These data support the
proposal that highly selective vagotomy, in the emergency treatment
of bleeding duodenal ulceration, is associated with a mortality and
rebleeding rate which is comparable with that of truncal vagotomy
and drainage, and is without the undesirable side effects of diar-
rhoea and dumping.

The standard management of pyloric or duodenal stenosis secon-
dary to duodenal ulceration has been truncal vagotomy and drainage,
or a resectional procedure with the attendant problems of diarrhoea
and dumping.!-'*!5-17-18 Highly selective vagotomy and dilatation of
the stenosis was initially proposed by Johnston et al. in 1973.%

Application of dilatation to all cases caused pyloric rupture in two
of our patients and has been observed by others in 12% to 24% of
cases (David Johnston, personal communication).®*'-** Rupture
caused no complications in our series as it was recognized and
immediate repair performed. Mortality with unrecognized posterior
rupture has been reported.*'** We have subsequently adopted a selec-
tive approach, dilating only softer strictures to avoid this problem.
Johnston also currently favours this selective approach to the treat-
ment of pyloric stenosis (personal communication). Two of the three
poor results in our series occurred in patients with severe stenosis.

We currently perform duodenoplasty for postbulbar stenosis and
gastroenterostomy for high-grade pyloric stenosis. The choice of
gastroenterostomy over pyloroplasty allows the potential for the
gastroenterostomy to be reversed if dumping ensues, and also avoids
a suture line in fibrotic tissue decreasing the possibility of anasto-
motic leakage.

Many authors have reported a high recurrence rate and poor
control of symptoms after simple closure of perforated duodenal
ulceration with up to 80% of patients developing recurrent symptoms
and ulceration.?***” Christiansen et al. reported a randomized trial
of simple closure compared with highly selective vagotomy and
closure.?® The ulcer recurred in 52% of the control group and only
26% had good symptomatic results. By contrast, 77% of the treat-
ment group had a good outcome and ulcer recurrence was 16%.
Others have performed highly selective vagotomy and closure with
excellent results.'!*%4° Qur experience of this is limited but all six
patients were graded Visick score 1 on review. Highly selective
vagotomy does not appear to increase the perioperative morbidity
. of simple closure and markedly improves the long-term outcome.

The majority of patients with complications of duodenal ulcera-
tion can be successfully treated by highly selective vagotomy. The
choice of highly selective vagotomy over truncal vagotomy and
drainage all but abolishes symptoms after surgery in these patients.
Highly selective vagotomy in the treatment of bleeding ulcer is
suitable for the majority of patients and does not contribute to
mortality, which appears related to the age and premorbid condi-
tion of the patient. Mortality in patients bleeding from a duodenal
ulcer during a hospital admission for another illness is high and
avenues other than surgery need evaluation.
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DEVELOPMENTAL MINIMALLY INVASIVE SURGERY

Surgical management underwent a major revolution in the early 1990s with the rapid
establishment of laparoscopy for many simple procedures in general surgery. This followed the
development of adequate video technology to enable coordinated operating between the
surgeon and the assistant and visualisation of the gastrointestinal cavity on a TV screen.
Visualisation and technology became so good that the visual appreciation of anatomical
structures rapidly approached or even exceeded that of open surgical laparotomy. Surgeons
found themselves able to perform simple excisional procedures of the gallbladder and the
appendix but more complicated procedures such as removal of stones from the common bile
duct or complex restorative procedures such as fundoplication, anastomosis, and repair of
abdominal wall hernia were a different matter. These more complex procedures required suitably
advanced skills and at that stage, techniques had not yet developed. This meant patients could
not benefit from the rapid recovery, decreased discomfort and early discharge from hospital if

disease was more complex.

During this period | was able to perform and teach developmental procedures to enable more
complex laparoscopic surgery which led to multiple publications of much more complex
laparoscopy. This enabled major surgical procedures to be done with minimal morbidity, less
pain, and a greatly shortened hospital stay. Multiple publications on the development of various
more advanced laparoscopic procedures ensued, and the institution of the Sydney Advanced
Laparoscopic Training (SALT) facility at Concord Hospital was undertaken to teach these skills. |
held workshops teaching the skills required for more advanced laparoscopy between 2003 and

2007 for multiple surgeons from around Australia three to four times a year.

Laparoscopic Antireflux Surgery: One of the greater achievements of my career was the
development of laparoscopic antireflux surgery, performing the first such procedure in Australia

and publishing techniques and outcome around the same time as Bernard Dallemange (who is
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credited with the first procedure done this way in the world), reported his initial procedures in
France. The research focus of hiatal surgery and antireflux surgery was followed through my
entire career and has been a large component of publication. This topic was repeatedly addressed
and presented frequently by invitation, in international world congresses of oesophageal diseases

as the techniques and results evolved.

General advances in complex laparoscopy: | introduced techniques for removal of stones from the
common bile duct, and techniques for the most complex splenectomy. | contributed frequently to
the literature , and spoke at many national meetings, on multiple aspects of more advanced
laparoscopy. | performed the first laparoscopic large bowel resection for carcinoma in Australia in
1993. Techniques such as adrenalectomy, bowel resection and anastomosis, suturing techniques,
laparoscopic stapling techniques, control of major blood vessels and fundoplication were taught
in animal models during the SALT course weeks. | was invited to speak at national meetings on

laparoscopic techniques for oesophagectomy in the early 1990s.

The publications in this section demonstrate the advancing edge of surgical technique in
laparoscopy both nationally and internationally. Multiple presentations and posters at
international meetings were undertaken. This led to my hospital unit of surgery being sought out
by international surgeons for training every year for the last several decades. My colleague
Estifanos Debru currently a senior surgeon in Calgary Canada, published an outstanding article of
our techniques, with the lowest rate of common bile duct injury in the laparoscopic era due to
the methods developed by our group, contributing substantially to the application of appropriate
techniques to minimise the feared problem of bile duct injury during surgery. This article has been
highly cited. | was instrumental very early in development of techniques for operative
cholangiography which advanced surgeons' ability to manage stones outside the gallbladder
leading to development of methods of removal of stones from the common bile duct by

laparoscopy. This has now become an established technique partly due to my early publication
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and teaching it repeatedly during the SALT causes. Publications in the French surgical literature
increased exposure of the techniques. Following our report on duodenal perforation after ERCP,
the technique of management espoused in this has become a standard of care nationally. Further
techniques of complex oesophagogastric minimally invasive (laparoscopic)surgery were described

for various different disease processes.
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Dear Editor,

Due to the high frequency of laparoscopic anti-reflux
surgery, many medical gastroenterologists are see-
ing patients after surgery and performing endoscopy.
There is a variable level of experience among medical
endoscopists.

This letter aims to help the medical endoscopist
understand the surgical structure of fundoplication as
well as possible defects.

Introduction

The appearances of fundoplication are not necessarily
familiar to many gastrointestinal medical practition-
ers investigating patients for oesophagogastric symp-
toms. This brief description has been formulated as
an aid to management for non-surgical gastroenterol-
ogy practitioners. Appearances of normal and ab-
normal cardio-oesophageal junctions and normal and
various disrupted fundoplications are included.
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Endoscopic images

Hiatus hernia Showing the crural impression which
moves on breathing, with the stomach draped over
each margin and entering the chest (Fig. 1).

Normal 360° fundoplication The fundoplication ap-
pears snug around the endoscope with no impression
of the hiatus on the upper stomach with sulci either
side of the fundoplication wrap, and there is no ef-
facement of the folds in the stomach suggestive of the
fundoplication being overtight (Fig. 2 and 3).

270° fundoplication Normal appearance of a well-
formed partial fundoplication with no sulci formation
and obviously sub-diaphragmatic. Commonly uti-
lized with oesophageal dysmotility or achalasia (Fig. 3
and 4).

Conical fundoplication The fundoplication is sub-
diaphragmatic and the sulci remain; however, the
most inferior border of the fundoplication is loose
around the endoscope and may be associated with
less adequate control of reflux symptomatology.
A cylindrical fundoplication is more likely to be effec-
tive in reflux control (Fig. 5).

Small para-oesophageal hiatus hernia recurrence
with fundoplication A small dimple beside the im-
pression of the crural pillar indicates a small berry-
sized piece of stomach slipped alongside the oesopha-
gus often occurring in the posterior lateral left margin
of the repair. May cause local atypical epigastric dis-
comfort and occasionally a sensation of dysphagia.
Heartburn may or may not be present (Fig. 6).

Re-herniated fundoplication and cardio-oesophageal
junction Impression of the hiatus on the upper
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Fig. 1 Hiatus hernia Fig. 4 270° fundoplication
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Fig. 6 Small para-oesophageal hiatus hernia recurrence with
fundoplication

Fig. 3 Normal 360° fundoplication
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Fig. 7 Re-herniated fundoplication and cardio-oesophageal
junction

Fig. 8 Collis tube with fundoplication

Normal LOS after Fundoplication

Cardio-oesophageal junction

Fig. 9 Cardio-oesophageal junction with adequate fundopli-
cation (viewed from oesophagus)

Oesphageal
Mucosa

Fig. 10 Loose fundoplication

stomach marked by dotted lines. In real-time the
respiratory movement may be seen with the fundo-
plication apparent around the endoscope and still
intact but herniated. May be associated with poor
control of reflux and dysphagia or may indeed be
totally asymptomatic (Fig. 7).

Collis tube with fundoplication The Collis tube op-
eration is where a short segment of oesophagus is
lengthened with a staple line from the angle of His
parallel to the lesser curve of the stomach for sev-
eral centimetres and fundoplication is formed sub-
diaphragmatically around the tube of stomach. This
procedure is usually performed for end-stage disease
and is a compromise at best. In this case, the fundo-
plication is below the diaphragm but not adequately
firm and lacks a 360° effect. Within the tube, one
can see the gastric mucosa of the gastric tube. This
is frequently mistaken for hiatus hernia. Prior to en-
doscopy, it is recommended that the operation report
is obtained (Fig. 8).

Cardio-oesophageal junction with adequate fun-
doplication The proximal view of the cardio-oe-
sophageal junction with modest opening upon air
installation, no oesophagitis (Fig. 9).

Loose fundoplication The fundoplication has moved
marginally upward and the impression of the crural
pillar on the stomach may be seen. The fundoplica-
tion is not snug around the endoscope and the white
squamous mucosa is just visualized. Likely to have
recurrent heartburn and regurgitation (Fig. 10).

Discussion

Post-fundoplication gastroscopy is a useful tool in
assessment of the anti-reflux mechanism. However,
assessment of the mechanism by endoscopists is
varied. The “Hill grades” of the retroflexed view of
a fundoplication have been evaluated when measured
against pH and oesophagitis [1]. These criteria have
been estimated to be associated with worsening ob-
jective parameters of reflux disease following anti-
reflux surgery. Grade one (Hill)—similar to on normal
(Fig. 2). Grade two (Hill)—“valve slightly less well
defined” (similar to Fig. 4). Grade three (Hill)—“ridge
barely present, failure to close around the endoscope”

@ Springer
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Ethical standards Prospective patient data were collated
from a password-protected practice database and collated
for publication. The database was approved by the institu-
tional ethics committee (CH62/6/2011-092).

(similar to Fig. 10). Grade four (Hill)—no ridge appar-
ent, hiatus hernia present (similar to Fig. 7).

Conclusion

Appreciation of these descriptions may enhance bet-  References

ter evaluation by the physician endoscopist encoun-

tering post-operative patients. 1. HillLD, Kozarek RA, Kraemer SJ, etal. The gastroesophageal
flap valve: in vitro and in vivo observations. Gastrointest
Endosc. 1996;44(5):541-7.
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Pneumothorax:
Laparoscopic Intraoperative Management
During Fundoplication Facilitates Management
of Cardiopulmonary Instability and Surgical Exposure
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Abstract

Introduction: Intraoperative pneumothorax may complicate surgery by obscuring surgical view and cause
cardiorespiratory instability during fundoplication with large hiatus hernia. Proactive intraoperative treatment
may reduce conversion and drain insertion and facilitate timely completion of surgery.

Materials and Methods: The authors present effective surgical and anesthetic measures to alleviate pneumo-
thorax, which are helpful for hemodynamic stability and surgical visibility.

Conclusion: Pneumothorax can complicate surgery by reducing surgical vision and causing cardiorespiratory
instability. There is no requirement for laparoscopic or intercostal drainage. The authors provide various

techniques to control intraoperative pneumothorax.

Keywords: fundoplication, hiatus hernia, pneumothorax, repair

Introduction

DURING FUNDOPLICATION and other mediastinal surgery
performed by laparoscopy, a pneumothorax (capnothorax)
can potentially complicate surgery. It may cause both surgical
and anesthetic intraoperative difficulties and perhaps com-
promise patient outcome, through cardiorespiratory instability
and difficult surgical view. This is especially so in repair of
large hiatus hernia.

Materials and Methods

Intraoperative pneumothorax has been treated in multiple
different ways in a large single-surgeon practice of laparo-
scopic antireflux surgery. Pneumothorax appeared most fre-
quently in treating very large hiatus hernia/paraesophageal
hiatus hernia (PEH).!

Anesthetic management

The occurrence of pneumothorax in the elderly patient
population with multiple comorbidities, in the head up po-
sition, may compromise cardiorespiratory function during

anesthesia, causing sudden onset of hypotension, tachycar-
dia, or bradycardia.' Such an occurrence frequently required
returning the operating table to level and aspiration of carbon
dioxide (CO,) from the pleural space until the patient’s
hemodynamic situation stabilized. Pressors, atropine, and
other agents were often necessary in a population group with
a potential for cerebral ischemia. Management with intra-
venous arterial monitoring was valuable, allowing instan-
taneous detection of deteriorating blood pressure and
facilitating early corrective intervention, which often ap-
peared suddenly.

Surgical management

Identification and preservation of the pleura can prevent
damage (Fig. 1); when the pneumothorax occurs, it is fre-
quently visible as a rent in the pleura. The experienced sur-
geon will often instantaneously recognize a pleural breach
and communicate this to anesthetics prior to the develop-
ment of obvious pneumothorax and physiological deteriora-
tion (Fig. 2). Otherwise pneumothorax may appear as convex
movement of the diaphragm or bulging on ventilation of the
mediastinal pleura, frequently obscuring vision, and making

IResearch Office, Sydney Heartburn Clinic, Lindfield, Australia.

Department of Surgery, Sydney Adventist Hospital, Wahroonga, Australia.
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dissection of the vagal nerves and posterior esophageal
structures more difficult. Flattening the table and aspirating
CO, are time consuming and temporary in nature, which
requires further surgery performed at lower pressures with
less adequate visualization. Avoidance of this situation is
greatly advantageous in ease of surgery, potential for com-
plications, and duration of surgery.

In our experience, as this condition occurred more com-
monly during surgery of PEH, however, dissection within the
mediastinum emphasizing identification and preservation of
the pleura decreased the incidence of inadvertent pneumo-
thorax. Pleura was closely applied to the esophagus and often

\
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FIG. 2. Pneumothorax: circular breach in the pleura with
lung in background.

Hiatus

Esophagus
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FIG. 3. Loop closure: PDS loop around breach in poste-
rior right pleura.

FALK ET AL.

crossed the midline posteriorly. It was necessarily closely
applied to the hernia sac and reduction of the hernia sac could
pull the pleura into the operative field. Dissection of fatty
tissue on the mediastinal surface of the sac and sweeping it
back toward the lung helped preserve pleura. Absolute he-
mostasis aided vision of the pleura, for which harmonic
scalpel was found highly useful (Johnston & Johnston
Medical, Cincinnati, OH).

Multiple techniques were utilized to occlude pleural breach
including PDS Endoloop (Fig. 3) (Ethicon Endo Surgery,
Cincinnati, OH), a piece of hernia sack (Fig. 4), clips, hemo-
static mesh gauze (Fig. 5), or V-lock suture (Covidien, Dublin,

FIG. 4. Fat pad closure: small pleural defect ‘“‘plugged”
with sac material.

FIG. 5. Surgical mesh: wet mesh placed over a pleural
breach.

Diaphragm

Esophagus
Suture

Hiatus

FIG. 6. V’lock suture: closure.
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Ireland) (Fig. 6) for larger defects (Figs. 1-5). Occasionally
two techniques may be combined.

The loop was utilized if a small hole could be easily
grasped by the forceps and drawn into the loop. Alternatively,
a large piece of hernial sac with minimal fat on it was
“pasted” over the defect. Large amounts of fat in the me-
diastinum are avoided due to previous experience of fat ne-
crosis causing a fibrotic esophageal stricture. Clips or a
hemostatic sponge can work. Should one technique fail, an
alternative can be sought. A large rent may be closed with
barbed suture. Once closure is obtained, rapid lung re-
expansion occurs as the CO, is reabsorbed.

Results of the Technique

All techniques were advantageous allowing better vision,
stabilization of hemodynamic situation, and almost complete
intraoperative resolution of the pneumothorax without ne-
cessity to decrease instillation pressure of CO,. At comple-
tion of the case, a valsalva maneuver was performed with
mediastinal suction and abdominal suction to remove the
majority of the CO,. Rapid resorption of small residual
pleural gas amounts was then expected. Patients were re-
turned to the recovery ward where chest X-ray was performed
only if oxygen saturation was reduced after a period of 30
minutes of observation or there was respiratory or hemody-
namic instability. No chest drains were required and no pa-
tient required open surgery after laparoscopic pneumothorax
occurrence.

Conclusion

Although avoidance of pneumothorax is desirable and
dissection with close attention to the pleural reflection ad-
vantageous, occasional breaches occur. Hemodynamic in-
stability can be rapid. Early surgical treatment of this defect is
desirable and adequate anesthetic monitoring necessary.

It has not been necessary to convert or pleurally drain
any patient since this approach has been performed. Some

authors® ™ have recommended heroic management of in-
traoperative pneumothorax, including intercostal catheter
and even thoracotomy. We have not found this to be nec-
essary before intraoperative management and rapid seal of
any defect has been technically easy and facilitates surgical
exposure and timely completion of surgery.
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ABSTRACT

scintigraphy.

symptom control and there was no adverse dysphagia.

Fundoplication for laryngopharyngeal reflux
despite preoperative dysphagia

GL Falk', H Van der Wall?, L Burton?, MG Falk!, H O’Donnell’, SJ Vivian'

INTRODUCTION  Fundoplication for laryngopharyngeal disease with oesophageal dysmotility has led to mixed outcomes. In the
presence of preoperative dysphagia and oesophageal dysmotility, this procedure has engendered concern in certain regards.

METHODS This paper describes a consecutive series of laryngopharyngeal reflux (LPR) patients with a high frequency of dysmotil-
ity. Patients were selected for surgery with 24-hour dual channel pH monitoring, oesophageal manometry and standardised reflux

RESULTS Following careful patient selection, 33 patients underwent fundoplication by laparoscopy. Surgery had high efficacy in

CONCLUSIONS  Evidence of proximal reflux can select a group of patients for good results of fundoplication for atypical symptoms.
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The 2006 Montreal consensus defined gastro-oesophageal
reflux disease (GORD) as a condition that develops when
reflux of stomach contents causes troublesome symptoms or
complications.! Traditionally, patients have been identified
with a range of extraoesophageal symptoms including
cough, dysphonia, sore throat, atypical chest pain and pul-
monary symptoms.? The non-specific nature of the symp-
toms has made diagnosis difficult. There is often no obvious
heartburn or regurgitation.>* The accuracy of test results
have been brought into question as pH catheters (previously
considered the gold standard) do not record poorly acidic or
non-acid regurgitation and without dual channel catheters,
the upper oesophagus remains diagnostically obscure.’ The
success rates for surgery for laryngopharyngeal reflux (LPR)
(predominantly chronic reflux cough) have therefore stalled
at 60-70% in most series.

No unequivocal test has been available to confirm that
laryngeal and pulmonary symptoms are caused by the pres-
ence of gastro-oesophageal reflux. Diagnostic issues con-
tinue. Impedance reflux technology has enabled the
measurement of non-acidic and mildly acidic reflux
events.®® However, even this does not adequately demon-
strate reflux into the pharynx, with at least one study show-
ing substantial intraobserver error.>'! Selection of patients
for surgery has been troubled by diagnostic difficulty and
surgical series consequently have relatively poor outcomes.
Identification of non-acidic proximal reflux by impedance
may help improve this.'">'* Results can be influenced in a
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multifactorial fashion by the difficulty of diagnostic selec-
tion, surgical variability (especially in the occasional opera-
tor) and the many other illnesses with similar
symptomatology. Fundoplication has always concerned sur-
geons in the presence of dysphagia and this group of patients
frequently present with dysphagia among the symptoms.

Our report of a consecutive group of patients undergoing
surgery for LPR predominant symptoms describes careful
patient selection using reflux scintigraphy technology, 24-
hour dual channel pH monitoring and an experienced multi-
disciplinary approach in a tertiary referral service. The
uniquely evolved standardised scintigraphy is able to posi-
tively demonstrate pharyngeal or pulmonary contamination
by reflux fluid.

Methods

The notes for a cohort of consecutive patients undergoing
laparoscopic fundoplication during a four-year period for
LPR predominant symptoms were extracted retrospectively
from a prospectively populated database. The data were
approved for reporting by the institutional ethics committee.
Symptoms recorded were chronic cough (defined as existing
for more than eight weeks’ duration, with appropriate respi-
ratory investigation),15 dysphonia, throat clearing, sore
throat, laryngospasm and clinical pulmonary aspiration as
well as the typical GORD symptoms of heartburn dysphagia
and regurgitation. Patients with continuing marked
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symptoms despite a double dose of proton pump inhibitors
(PPIs) were offered surgery. Reflux scintigraphy and pH
monitoring with manometry were performed. Clinical reas-
sessment was undertaken three months following surgery
using a standardised proforma (Appendix 1 - available
online).

pH monitoring

Monitoring of pH was performed over 24 hours using anti-
mony crystal dual channel catheters (Synectics Medical Inc.,
Stockholm, Sweden). A standard technique was employed as
described elsewhere.'""'? The normal values for distal reflux
were defined as pH >4, overall acid exposure <4% of total
time and DeMeester composite score <14.7.1* Any proximal
reflux during the upright or supine period was considered
abnormal.

Manometry

Stationery manometry was performed using a water per-
fused catheter (Dentsleeve, Mississauga, Ontario, Canada),
as described elsewhere.!"'? Oesophageal motility was
graded for effectiveness using a system similar to that of
Kahrilas et al'® but using four quartiles rather than three
groups.

Scintigraphy

A standardised scintigraphy technique described else-
where!”!® was employed, using technetium labelled pen-
tetic acid in the initial erect and supine dynamic images. A
delayed study was then obtained at two hours to evaluate the
possibility of aspiration of refluxate into the lungs. Regions
of interest were drawn over the pharynx and upper oesopha-
gus, and time activity curves were generated for the erect
and supine dynamic studies. These regions of interest were
related back to the relevant background region of interest
(Fig 1).

Fundoplication

Fundoplication was performed by laparoscopy and crural
repair was carried out posteriorly in all cases. A technique
similar to the Nissen—-Rossetti procedure was employed for
360° fundoplication while partial fundoplication was by the
Toupet or anterior 270° technique. The fundoplication was
calibrated with a 52Fr bougie (female) and a 56Fr bougie
(male). Non-absorbable sutures were employed and the fun-
doplication was approximated using anterior sutures 1cm
apart to create a short, floppy fundoplication with division of
a variable number of short gastric vessels to achieve
adequate lack of tension on the fundoplication. The repair
was fixed to the diaphragm laterally by ‘crown’ sutures. Tou-
pet partial fundoplication was undertaken in the standard
fashion, and anterior fundoplication was performed with
multiple sutures of the stomach to the oesophagus and right
crus.

Statistical analysis

Non-parametric statistical methods for ordinal data were
employed. Analysis of variance, the Wilcoxon signed-rank
test and the Pearson correlation coefficient (two-tailed)

o Pharynx

PR, il
Stomach ’

- o

Upright Supine

Figure 1 Scintigraphy showing pharyngeal contamination

were used to compare the data. Statistical analysis was per-
formed with STATISTICA version 8 (StatSoft, Tulsa, OK, US).
A p-value of <0.05 was considered statistically significant for
the clinical, pH and manometry data owing to a higher
standard deviation than the scintigraphy data, for which stat-
istical significance was set at p<0.01. Dysphagia and quality
of life scores were evaluated with the paired t-test, compar-
ing preoperative versus early postoperative and late postop-
erative scores.

Selection for surgery

Patients were selected with intractable symptoms persisting
on a double dose of PPIs for more than six weeks, with con-
firmed proximal reflux on pH study and/or scintigraphy, pul-
monary aspiration or full length oesophageal reflux to the
pharynx. Other diagnoses were excluded routinely using a
multidisciplinary approach comprising an ear, nose and
throat specialist, a respiratory physician, a chest x-ray or
chest computed tomography, diagnosis and treatment of
asthma, and avoidance of medication likely to precipitate
cough.

Results

Over the course of the 4 years studied, fundoplication was
performed in 33 patients (20 female) with a mean age of 57
years (range: 38-72 years). LPR symptoms were reported in
32 patients, 1 patient having severe heartburn and sinusitis.
LPR and GORD symptoms were reported in 22 of the 33
patients. Symptoms included cough (n=25), heartburn
(n=24), regurgitation (n=23), voice change (n=15), throat
clearing (n=11), pulmonary aspiration (n=11), sore throat
(n=10), globus (n=5) and laryngospasm (n=2). The mean
duration of symptoms was 4.8 years (range: 6 months — 22
years). Dysphagia was present in 24 patients (72%) preoper-
atively and severe in 15 patients (45%).

Surgical symptom control

Preoperative symptoms of LPR were eliminated in 27
patients (79%) following surgery and improved in a further
4, leading to a total good outcome for 31 patients (91%).
Occasional chest pain and bloating was reported in four
patients. There was reduction of cough in a further patient
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from 15 episodes per day to 2 episodes. Another two palients
showed resolution of cough after surgery while taking PPIs
but reappearance occurred on stopping medication. There
was no relief of LPR symptoms in one patient; however, post-
operative scintigraphy showed no evidence of gastro-oeso-
phageal reflux. Two patients were lost to follow-up.

Dysphagia

As well as preoperatively, dysphagia was assessed in the
early (10 days) and late (3 months) postoperative period.
Prior to surgery, dysphagia was present in 24 patients, with
no dysphagia reported by the remaining 9. In the early post-
operative period, worsened dysphagia was present in 5
patients, 16 had experienced no change and 4 experienced
new onset of dysphagia. No dysphagia was reported by five
patients and there were inadequate data for three patients.
Late postoperative assessment found dysphagia improved in
19 patients, with 11 being free of dysphagia and inadequate
data available for 3 patients. There was no difference
between preoperative and early postoperative dysphagia
(p>0.05) but late postoperative dysphagia was significantly
improved (t=-4.2, 95% confidence interval: -6.4—-2.2,
p<0.05). The mean preoperative and late postoperative
scores for dysphagia and quality of life are shown in Table 1.

pH monitoring

The results of distal pH studies were abnormal in all
patients. The mean number of episodes of reflux in the distal
oesophagus was 128 and in the upper oesophagus, it was 31.
The mean acid exposure time in the distal oesophagus was
16.4% when upright and 20.4% when supine. In the proxi-
mal oesophagus, it was 1.6% when upright and 10.5% when
supine. In six patients, abnormal proximal reflux was
present only when supine. Conversely, 16 patients had prox-
imal reflux when upright but not when supine. The remain-
ing 11 patients experienced proximal reflux in both
positions.

Manometry

The mean oesophageal sphincter pressure was 2.9mmHg
(standard deviation: 5.0mmHg; normal: >18mmHg). Ineffec-
tive oesophageal motility (IEM) was found in 24 patients; 16
were classified as having severe IEM. There was no correla-
tion between IEM and preoperative, early postoperative or

Indicator Preoperative ~ Postoperative score

score (n=33) at ~3 months (n=30)
GIQLI 90 102 (higher score = improvement)
Visick score 3 2 (lower score = improvement)
Dakkak 33 37 (higher score = improvement)
dysphagia
score

GIQLI = Gastrointestinal Quality of Life Index
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late postoperative dysphagia because of the high overall fre-
quency of motility disturbance among the 33 patients.

Scintigraphy

Gastro-oesophageal reflux was noted in all patients on
imaging. Pulmonary aspiration was identified in 17 patients
(52%) in the delayed study obtained at 2 hours after initia-
tion of the erect and supine dynamic studies. Pharyngeal
contamination with isotope was observed in 27 patients
(82%). There was increasing scintigraphic activity in the
pharynx over time in nine patients and this was highly pre-
dictive of pulmonary aspiration (p<0.01). Presence of isotope
in the pharynx correlated strongly with total percentage of
proximal acid exposure time over the 24 hours of pH moni-
toring (p<0.01). Pulmonary aspiration on scintigraphy corre-
lated strongly with total proximal acid exposure on pH
monitoring (p<0.01).

Discussion

Subjecting patients with LPR symptoms to scintigraphy and
pH monitoring allows the prediction of successful response
to fundoplication. Successful response is suggested by:
a) rising pharyngeal time-activity curves or presence of pul-
monary aspiration on scintigraphy; and/or b) abnormal total
proximal or supine proximal acid exposure time on pH stud-
ies. The degree to which symptoms were controlled was
substantially higher than that reported in other studies.'®%°
Despite previous concerns regarding surgery, our study has
shown improved results. This may be partly due to patient
selection using standardised reflux scintigraphy and the
severe nature of the reflux of the patients referred to a terti-
ary antireflux service. The group was highly selected and
investigated intensively by multiple specialists.

Cough and LPR symptoms may be caused by direct expo-
sure to noxious agents resulting in a decreased cough
threshold,* local inflammation,?! subcellular tight junction
abnormalities, pulmonary aspiration or asthma-like symp-
toms. However, there is good evidence for a further mecha-
nism, a neurally mediated cause of this symptomatology
(reflex), which would not be detected by scintigraphy. This
group of patients would therefore not be selected for surgery
and it may be that many patients were denied effective sur-
gery as a result. Strong correlation existed between positive
results for proximal pH testing and pharyngeal and pulmo-
nary soiling, indicating substantial laryngopharyngeal
soiling.

Symptoms in the patient group in this study were caused
by direct reflux damage rather than a neural reflex mecha-
nism. The results obtained in this series are largely believed
to be dependent on an experienced multidisciplinary
approach to this condition in a dedicated antireflux surgical
group. One cannot assume that such results would translate
to a district hospital setting and general surgery. Patients
with chronic cough in the community are likely to be an
entirely different patient group and are therefore unlikely to
benefit to the same extent.""

There was a high rate of preoperative and postoperative
dysphagia, and most patients suffered severe IEM. Despite
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the IEM, dysphagia improved significantly following sur-
gery. The lower oesophageal sphincter was grossly deficient
and reflected the selection of severe reflux patients.

Conclusions

Acceptable results for fundoplication in LLPR patients can be
obtained using a multidisciplinary approach including a
standardised reflux scintigraphy technique, 24-hour dual
channel pH monitoring and exclusion of alternative diagno-
ses. Dysphagia remains as a symptom preoperatively and
postoperatively. There was a high rate of IEM in our patient
group. This group was highly selected and one cannot there-
fore assume that our results are transferable to a community
population with chronic cough.
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Appendix 1 Proforma for clinical reassessment at
three months

Gastro-Intestinal Quality of Life Index

1.

10.

How often during the past 2 weeks have you had pain
in the abdomen?

o all of the time [y most of the time

[l some of the time [J5 a little of the time

4 never

How often during the past 2 weeks have you had a
feeling of fullness in the upper abdomen?

o all of the time [y most of the time

[ some of the time [J; a little of the time

4 never

How often during the past 2 weeks have you had
bloating (a sensation of too much gas in the abdomen)?
[Jo all of the time [y most of the time

[ some of the time [J; a little of the time

4 never

How often during the past 2 weeks have you been
troubled by excessive passage of gas through the anus?
o all of the time 1y most of the time

[ some of the time [J; a little of the time

4 never

How often during the past 2 weeks have you been
troubled by strong burping or belching?

o all of the time [y most of the time

[ some of the time [J; a little of the time

4 never

How often during the past 2 weeks have you been
troubled by gurgling noises from the abhdomen?

o all of the time [y most of the time

[ some of the time [J; a little of the time

4 never

How often during the past 2 weeks have you been
troubled by frequent bowel movements?

o all of the time 1y most of the time

[, some of the time [J; a little of the time

[k never

How often during the past 2 weeks have you found
eating to be a pleasure?

4 all of the time 5 most of the time

[l some of the time [J; a little of the time

o never

Because of your illness, to what extent have you
restricted the kinds of food you eat?

o all of the time [y most of the time

[ some of the time [J; a little of the time

4 never

During the past 2 weeks, how well have you been able
to cope with everyday stresses?

(o extremely poorly [y poorly

> moderately 5 well

[y extremely well

11. How often during the past 2 weeks have you been sad
about being ill?
o all of the time [y most of the time
[ some of the time [J5 a little of the time
4, never
12. How often during the past 2 weeks have you been anx-
ious about your illness?
o all of the time [y most of the time
[ some of the time [J5 a little of the time
[, never
13. How often during the past 2 weeks have you been
happy with life in general?
4 all of the time [ most of the time
[ some of the time []; a little of the time
[Jo never
14. How often during the past 2 weeks have you been frus-
trated about your illness?
o all of the time [y most of the time
[ some of the time [J5 a little of the time
[l4 never
15. How often during the past 2 weeks have you been tired
or fatigued?
o all of the time [y most of the time
[ some of the time []5 a little of the time
[, never
16. How often during the past 2 weeks have you felt
unwell?
o all of the time [y most of the time
[ some of the time [J5 a little of the time

[l4 never
17. Over the past week, have you woken up in the night?
[Jo every night 11 5-6 nights
o 34 nights 5 1-2 nights
4 never

18. Since becoming ill, have you been troubled by changes
in your appearance?

o a great deal [y a moderate amount
[l somewhat [J5 a little bit
4 not at all

19. Because of your illness, how much physical strength
have you lost?

o a great deal [y a moderate amount
[, somewhat [I5 a little bit
4 not at all

20. Because of your illness, to what extent have you lost
your endurance?

o a great deal 11 a moderate amount
[, somewhat 5 a little bit
4 not at all
21. Because of your illness, to what extent do you feel
unfit?

o extremely unfit []; moderately unfit
[ somewhat unfit [J5 a little unfit
Oy fit

Ann R Coll Surg Engl 2016; 00: 1-8 5
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22. During the past 2 weeks, how often have you been 33.
able to complete your normal daily activities (school,
work, household)?
4 all of the time [15 most of the time
L some of the time []; a little of the time
o never 34.
23. During the past 2 weeks, how often have you been
able to take part in your usual patterns of leisure or
recreational activities?
4 all of the time [15 most of the time
[ some of the time []; a little of the time 35.
[lo never
24. During the past 2 weeks, how often have you been
troubled by the medical treatment of your illness?
o all of the time [y most of the time
[ some of the time [J5 a little of the time 36.
4 never
25. To what extent have your personal relations with peo-
ple close to you (family or friends) worsened because

How often during the past 2 weeks have you been
troubled by nausea?

o all of the time [y most of the time

[l some of the time [15 a little of the time

4 never

How often during the past 2 weeks have you been
troubled by blood in the stool?

o all of the time [y most of the time

[ some of the time [J5 a little of the time

[, never

How often during the past 2 weeks have you been
troubled by heartburn?

o all of the time [y most of the time

[ some of the time [J5 a little of the time

4 never

How often during the past 2 weeks have you been
troubled by uncontrolled stools?

o all of the time [y most of the time

[ some of the time [J5 a little of the time

of your illness? 4 never
o very much [y much

h li ..
[l somewhat 5 a little Visik Score

[, not at all

26. To what extent has your sexual life been impaired 57. What best describes the severity of your symptoms?

27.

(harmed) because of your illness?

o very much 1y much

[ somewhat 5 a little

[y not at all

How often during the past 2 weeks have you been
troubled by fluid or food coming up into your mouth

[y no symptoms

[ mild symptoms, simple care is effective

15 my symptoms interfere with my work or social life,
simple care is ineffective

4 moderate or severe symptoms that interfere with
my enjoyment of life, or recurring symptoms

(regurgitation)?
o all of the time [y most of the time
[ some of the time [J5 a little of the time

Dysphagia Score

4 never 38. Do you have difficulty swallowing water?
28. How often during the past 2 weeks have you felt o always x5 sometimes [J5 never
uncomfortable because of your slow speed of eating? 39. Do you have difficulty swallowing milk?
o all of the time [1; most of the time o always o5 sometimes [J5 never
[ some of the time [J; a little of the time 40. Do you have difficulty swallowing custard?
4 never o always [5 sometimes []; never
29. How often during the past 2 weeks have you had trou- 41. Do you have difficulty swallowing jelly?
ble swallowing your food? o always [5 sometimes []5; never
o all of the time  [J; most of the time 42. Do you have difficulty swallowing scrambled eggs?
o some of the time [J5 a little of the time o always x5 sometimes [J5 never
4 never 43. Do you have difficulty swallowing baked fish?
350. How often during the past 2 weeks have you been o always o5 sometimes [J5 never
troubled by urgent bowel movements? 44. Do you have difficulty swallowing bread?
o all of the time [y most of the time o always x5 sometimes [J; never
o some of the time 5 a little of the time 45. Do you have difficulty swallowing apple?
[y never o always x5 sometimes [J5 never
51. How often during the past 2weeks have you been 46. Do you have difficulty swallowing steak?

troubled by diarrhoea? o always o5 sometimes [J5 never
o all of the time [y most of the time
[ some of the time [J5 a little of the time
[y never
32. How often during the past two weeks have you been
troubled by constipation?
o all of the time [y most of the time
[ some of the time [J5 a little of the time
4 never

DeMeester Symptom Score

47. How often do you have reflux symptoms (heartburn,
acid regurgitation, chest pain related to acidic foods or
drinks)?

(o never

[y less than once a month

6 Ann R Coll Surg Engl 2016; 00: 1-8
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[, more often that once a month but less than once a
week

[ more often than once a week but less than once a
day

[ daily

48. How long have you had these reflux symptoms?

[1; less than 6 mths
(15 2-5 years

[Jo never
[ 6 mths — 2 years
[y more than 5 years

49. How severe are these reflux symptoms?

50.

(o no symptoms

[y mild symptoms

o spoil enjoyment of life

5 interfere with life

4 worst thing ever experienced
How satisfied are you with the results of your
operation?

o I have had no operation

[ not satisfied

[ satisfied

15 very satisfied

Laryngo-Pharyngeal Reflux Score

51. Within the last month, how did the following problems
affect you?

(0=

no problem, 5 = all the time)

[A] Hoarseness or a problem with your voice

oogto20304056

[B] Clearing your throat

nogto20s30405

[C] Excess throat mucous or postnasal drip
oogto20304056

[D] Difficulty swallowing foods, liquids or pills
oogto20304056

[E] Coughing after eating or lying down
oogto20s530405

[F] Breathing difficulties or choking episodes
oogto20304056

[G] Troublesome or annoying cough
oogto20304056

[H] Sensations of something sticking in your throat or a
lump in your throat

oogto20304056

[I] Heartburn, chest pain, indigestion or stomach acid
coming up

oogt1o20304056

Reflux edication

52. Are you using any acid/reflux medication?
] Yes []No
If yes, which medication and at what dose?
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Reflux Symptom Sheet
Patient Name:
posB
Appointment Date: Current Medications:
Predominant Category:
O PR OGOR 0O MHH
Predominant Symptom: Investigations
O Laryngoscopy
O CXR
O Smoking (Past) (Present)
Symptoms o eo
O High resolution CT
O Duration
O Heartbum /10 0 RS
O Regurgitation: O, Eeho
O Low /10 | O Gastroscopy
O Throat 10 O Manometry
O Odynophaga /10
O Dysphagia: B 2ahepH
O Typical /10 | M Imnedance
O Slow transit /10 | Symptoms
O Vomiting /10 | O Anaemia /10
O Nausea /10 | O Syncope /10
O Anorexia /10 | O Cough /10
O Dyspepsia /10 | O Coughduration
O Flatus /10 | O CoughresponsetoPPI? Y/N
O Bloat /10 | O Globus /10
O Diarrhoea /10 O Mucous /10
O Sleepdisturbance: O Throatclearing /10
O Situptosleep /10 | O Sorethroat /10
O Dyspnoea O Dysphonia /10
L | 2 e
O Other /10 | O Aspiration /10
O Atypical chestpain O Bronchitis (non-viral) /10
O Post-prandial /10 | O Pneumonia (non-viral) /10
O Other /10 | O Asthma:
O Palpitations /10 O Cchildhood Suspected
O Earlysatiety /10 O Lateonset RFTproven
O Tiredness/lethargy/pre-syncope /10 | O Singing (history) /10
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Abstract: This study aimed to determine if intravenous lidocaine infusion reduces postopera-
tive pain intensity following laparoscopic fundoplication surgery and to also validate the safety
of intravenous lidocaine at the dose tested. This was an equally randomized, double-blind,
placebo-controlled, parallel-group, single center trial. Adult patients undergoing laparoscopic
fundoplication were recruited. The intervention group received 1 mg/kg intravenous lidocaine
bolus prior to induction of anesthesia, then an intravenous infusion at 2 mg/kg/h for 24 hours. The
primary outcome was pain, measured using a numeric rating scale for 30 hours postoperatively.
Secondary outcomes were nausea and vomiting, opioid requirements, adverse events, serum
lidocaine concentration, and length of hospital stay. The study was terminated after an interim
analysis of 24 patients showed evidence of futility. There was no difference in postoperative
pain scores (lidocaine versus control, mean + standard deviation) at rest (2.0 £2.7 vs 2.1 £ 2.4,
P=0.286) or with movement (2.0 £ 2.6 vs 2.6 £ 2.7, P=0.487). Three adverse events occurred
in the lidocaine group (25% of patients). Intravenous lidocaine did not provide clinically
significant analgesia to patients undergoing laparoscopic fundoplication. The serum lidocaine
concentration of patients who experienced adverse events were within the therapeutic range.
This trial cannot confirm the safety of intravenous lidocaine at the dose tested.

Keywords: analgesia, local anesthetics, intravenous infusions, pharmacokinetics

Introduction

Despite multimodal analgesia, severe postoperative pain is still experienced by many
patients. Opioids are relatively contraindicated following laparoscopic fundoplication
as they often cause nausea and vomiting. Postoperative vomiting places undue pres-
sure on the repaired diaphragm and gastric wrap, risking early failure of the surgery.!
As such, patients undergoing laparoscopic fundoplication need effective, parenteral,
nonopioid analgesia.

Lidocaine is an inexpensive and widely accessible local anesthetic that possesses
analgesic, anti-inflammatory, and antihyperalgesic properties.>* While most commonly
used in infiltration and for central neuraxial and peripheral nerve blocks, lidocaine
can also be given intravenously (IV) to treat acute perioperative pain* and chronic
neuropathic pain.’ The current evidence for using IV lidocaine to treat perioperative
pain is based on 45 clinical trials contributing to five systematic reviews.*5 These
studies found that IV lidocaine infusion in the perioperative period decreases pain
intensity, opioid requirements, the duration of postoperative ileus, and opioid-related
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side-effects, such as postoperative nausea and vomiting.
These studies concluded that further research is needed to
determine the optimum dose, timing, and duration of infusion
of lidocaine in this setting.

The effect of IV lidocaine infusion has not been studied
in patients undergoing laparoscopic fundoplication surgery.
This randomized controlled trial tested the primary hypoth-
esis that I'V lidocaine decreases postoperative pain intensity
(at rest and during movement) after laparoscopic fundoplica-
tion. In order to verify the safety of IV lidocaine infusion for
analgesia, the following secondary outcomes were measured:
nausea and vomiting, opioid requirements, adverse events,
serum lidocaine concentration, and length of hospital stay.

Methods
Study population

This was an equally randomized, double-blind, placebo-
controlled, parallel-group, single-center trial conducted at the
Sydney Adventist Hospital, Wahroonga, Sydney, Australia.
Approval was received from the Adventist HealthCare
Limited Human Research Ethics Committee (EC00141) and
written informed consent was obtained from all patients. The
study was registered with the Australian and New Zealand
Clinical Trials Registry (ACTRN12613000440729).

All adults (age >18 years) undergoing laparoscopic fun-
doplication surgery by a single surgeon (GLF) were eligible
to participate in the study. Exclusion criteria were allergies to
local anesthetics, chronic use of analgesics or corticosteroids,
impaired hepatic function (any single liver function test 220%
normal reference range), epilepsy or other seizure disorder,
severe cardiac failure (left ventricular ejection fraction <0.35)
or cardiac arrhythmias and pregnancy.

Procedures

General anesthesia was standardized using midazolam
2.5 mg 1V, effect-site target controlled infusions of propofol
and remifentanil. Tracheal intubation was facilitated by
rocuronium 1.2 mg/kg, and the lungs were ventilated with
33% oxygen in air using a circle system.

Intraoperatively, all patients received [V granisetron 3 mg
and dexamethasone 8 mg as prophylaxis against nausea and
vomiting and parecoxib 40 mg for analgesia. Postoperative
analgesia was commenced with fentanyl 1 pg kg™ IV at the
cessation of the remifentanil infusion. The diaphragmatic
crura and port sites were infiltrated with 20 mL ropivacaine
0.2% by the surgeon. A patient-controlled analgesia (PCA)
device administering IV fentanyl was provided (10 pg/mL,
10 pg bolus, 5 minute lockout, no background) and PCA
usage was recorded. Fentanyl PCA was discontinued if

nausea was reported by the patient. Acetaminophen (1 g IV
every 6 hours) and indomethacin (100 mg per rectum every
12 hours) were administered to provide multi-modal anal-
gesia. Rescue antiemetics (ondansetron 4 mg sublingual and
droperidol 0.5 mg/kg IV) were offered to any patient who
experienced nausea or vomiting. Postoperatively, all patients
had electrocardiogram monitoring via telemetry for 24 hours.

Patients were randomly assigned to study groups in fixed
blocks of 12 using a computer-generated table of random
numbers through the use of the randomization.com program.
No stratification was used.

The patients in the intervention group received 1 mg/kg
IV lidocaine bolus at induction, followed immediately by an
infusion at 2 mg/kg/h for 24 hours. The patients in the control
group were treated likewise using 0.9% sodium chloride in
a double-blind fashion.

Lidocaine was acquired as Xylocard® 500 ampoules
(AstraZeneca Pty Ltd, North Ryde, NSW, Australia), con-
taining 500 mg of lidocaine hydrochloride in 5 mL of water.
Lidocaine study drug was made to a concentration of 0.5%
(5 mg/mL) and supplied in 1000 mL flasks compatible with
IMED Gemini (IMED Corporation, San Diego, CA, USA)
infusion pumps and giving sets. The lidocaine and placebo
study drug were visually identical. No patient, research nurse,
investigator, or any other medical or nursing staff was aware
of the treatment assignments for the duration of the study.

The randomization schedule was stored in a locked
cupboard that was only accessible by the randomization
authority (thus concealed from all care providers and other
research personnel). When a patient was recruited into the
study, the randomization authority would prepare the appro-
priate study drug. The study drug was given to the anesthetist
accompanied by a sealed, opaque, tamper-proof envelope
containing the treatment allocation. This envelope was kept
in the patient file at all times in case serious adverse event
required the knowledge of treatment allocation. Envelopes
were examined at the completion of the trial to ensure that
they were unopened.

The primary outcome of the study was postoperative pain.
Pain was assessed using an 11-point numeric rating scale
(NRS-11). The patients were asked to score their current pain
on two occasions: at rest and on mobilization from supine
to sitting upright. Pain scores were obtained every 4 hours,
for 30 hours following commencement of the trial drug
infusion. The 11-point numeric rating scale is a validated,
sensitive tool for assessing postoperative pain intensity.!*!!
All trial data were entered directly into the electronic medical
record, which had been adapted for the study and mandated
the completion of all parameters.
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Secondary outcomes were nausea and vomiting, opioid
requirements, adverse events, serum lidocaine concentration,
and length of hospital stay. Patients were asked if they experi-
enced any nausea or vomiting in the preceding 4 hours when
pain scores were obtained. Responses were recorded as “yes”
or “no” and this outcome was treated as binary data. Opioid
requirements were recorded as the dose of fentanyl delivered
(rather than total demands/attempts for analgesia). Only
adverse events that required the patient to be discontinued
from the trial were interpreted. Venous blood samples were
collected from all patients every 4 hours for the duration of
the trial. Serum was immediately separated and frozen, then
later analyzed to determine the serum lidocaine concentra-
tion—time profile for the dosage regimen used in this study.
Length of hospital stay was recorded as the number of nights
the patient was in hospital.

Statistical analyses

A priori sample size was estimated on the basis of an absolute
reduction in pain score. A reduction of two in the NRS-11
was reported to be the amount needed to cause a clinically
significant reduction in a person’s experience of postopera-
tive pain.'>!3 A sample size of 18 patients in each group was
calculated to be sufficient to detect a difference of two in the
mean pain score, assuming a standard deviation of £2'2 with
a significance level 0=0.05 and a power of 90%.

Interim analysis was planned when 33% and 66% of sub-
jects had been recruited. The study would be stopped early
when there was sufficient evidence to claim superiority (net
benefit) or inferiority (net harm), or futility (little chance of
achieving statistical significance) if the futility index was
found to be >0.8."

Statistical analyses were performed using IBM SPSS Sta-
tistics v21.0 (IBM Corporation). Sample size calculations and
conditional power analyses were performed using PASS v13
(NCSS, LLC). The comparison between the intervention and
control groups was conducted using an independent samples
t-test, Mann—Whitney—Wilcoxon U-test, chi-squared test, or
Fisher’s exact test as appropriate. Normally distributed data
are presented as mean + standard deviation, nonnormally
distributed data are presented as medians (interquartile
range), and categorical data are presented as raw data and
as frequencies. All statistical tests are two-sided with signifi-
cance level 0=0.05. Unblinding was performed prior to the
statistical analysis of data.

Results
Twenty-four patients entered the study and were random-
ized equally to two groups. Twelve patients (100%) in the

control group completed the study. Nine patients (75%)
in the intervention group completed the study. The three
patients who did not complete the study were withdrawn
due to adverse events suspicious of lidocaine toxicity
(treatment allocation was not known until after withdrawal
from the trial). The participant flow diagram is presented
(Figure 1). A planned interim analysis was performed when
recruitment was 66% complete. At this point, the trial was
stopped early on the basis of futility, prior to reaching the
target sample size of 36 patients (18 per group). The futility
index was 99%, that is, there was a 1% chance of rejecting
a false null hypothesis at the end of the study given the
data that had emerged."

The demographic and clinical characteristics of both
groups were similar (Table 1). There was no statistically sig-
nificant difference in pain scores between treatment groups
either at rest or during mobilization when summarized over
the 30-hour postoperative period. At rest, the mean pain
score was 2.0 + 2.7 in the lidocaine group and 2.1 + 2.4
in the control group (P=0.286). With movement, the mean
pain score was 2.0 £ 2.6 in the lidocaine group and 2.6 +
2.7 in the control group (P=0.487). Box and whisker plots
are presented for pain scores at rest (Figure 2) and during
mobilization (Figure 3) for lidocaine and control groups
stratified at 6-hour intervals over the 30-hour postopera-
tive period.

The incidence of nausea in the lidocaine group (50%) was
similar to that in the control group (33%) (P=0.408). Three
patients (25%) in the lidocaine group vomited, whereas one
patient (8%) in the control group vomited (P=0.273).

The average total dose of fentanyl administered was
124 £ 165 g for the lidocaine group and 344 + 426 pg for
the control group over the 30-hour postoperative period
(P=0.117).

There were three clinically significant adverse events in
the lidocaine group (25% of patients) compared with none
in the control group, however, this difference was not sta-
tistically significant (P=0.064). One adverse event, severe
bradycardia causing loss of consciousness, responded rapidly
to external cardiac massage. The other adverse events were
neurological symptoms (perioral paresthesia and restless
legs) that are associated with early local anesthetic toxic-
ity. The maximum serum lidocaine concentrations in these
patients were 4.3, 2.7, and 3.5 mg/L.

The serum concentration—time profile of 12 patients who
received the IV lidocaine infusion is presented in Figure 4.
Two patients (22%) had peak serum lidocaine concentra-
tion >5 mg/L (5.2 and 5.0 mg/L). Neither of these patients
experienced clinical signs or symptoms of lidocaine toxicity.
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Assessed for eligibility (n=33)

T

Excluded (n=9)

Not meeting inclusion criteria (n=2)

Refused to participate (n=7)
Other reasons (n=0)

Randomized (n=24)

Allocated to intervention (n=12)

Received intervention (n=12)
Did not receive intervention (n=0)

Allocated to control (n=12)

Received control (n=12)
Did not receive control (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=3)

Lost to follow-up (n=0)

Discontinued control (n=0)

Analyzed (n=12)

Excluded from analysis (n=0)

Analyzed (n=12)

Excluded from analysis (n=0)

Figure | The CONSORT methods diagram showing participant flow.
Abbreviation: CONSORT, consolidated standards of reporting trials.

Table | Characteristics of patients undergoing laparoscopic
fundoplication

Lidocaine (n=12) Control (n=12)

Age (years) 68.5 (10.17) 66.5 (11.39)
Sex (female) 9 (75%) 6 (50%)
Smoking status (current) | (8.33%) | (8.33%)
Height (cm) 165.75 (9.76) 165.33 (10.69)
Body mass index (kg/m?) 27.05 (2.39) 2891 (4.26)
Alcohol consumption (g/week) 77 (83.40) 68 (120.06)
ASA status* 233 (0.49) 227 (0.47)
Stomach herniated (%) 0.40 (0.28) 0.21 (0.27)
Surgery time (min) 68.83 (20.76) 64.50 (19.58)
Remifentanil used (pg/kg/h) 5.33 (2.16) 4.79 (1.70)
Propofol used (mg/kg/h) 0.445 (0.187) 0.461 (0.109)

Notes: *Physical status score. Values are mean (SD) or number (proportion).
Abbreviations: ASA, American Association of Anesthesiologists; SD, standard
deviation.

There was no statistically significant difference in the
mean length of hospital stay between groups; lidocaine group
2.5 days (95% confidence interval [CI] 2.07-2.93) and control
group 2.25 days (95% CI 1.96-2.54).

Discussion

This study used a high dose and long duration of intravenous
lidocaine infusion in an attempt to identify a concentration-
or time-dependent analgesic effect. Despite this, a clinically

significant benefit of lidocaine was not demonstrated. This
study cannot reject the possibility that a small amount of
analgesia is achieved with intravenous lidocaine. A mean
reduction of 0.54 (95% CI: —1.56, 0.48) in pain score dur-
ing mobilization was found in this study. This effect size is
similar to that reported in the meta-analysis,* which showed
intravenous lidocaine to reduce pain scores by 1.05 (95% CIL:
—1.68, —0.42) during activity at 6 hours after surgery and by
0.4 (95% CI: —0.8, —0.009) at 24 hours after surgery. This
study was underpowered to detect such a small difference in
pain scores between groups.

Intravenous lidocaine infusion has only shown benefit (in
reducing pain, nausea, opioid consumption, bowel function,
and reducing hospital stay) in patients following surgery
of the bowel or gall bladder,® with the exception of radical
prostatectomy.'® The studies of intravenous lidocaine for
patients undergoing abdominal hysterectomy,!” orthopedic
surgery,'® tonsillectomy,'” or coronary artery bypass® could
not identify any benefits of lidocaine. Based on the available
evidence, it appears that the analgesic efficacy of lidocaine is
dependent on the surgical procedure performed. We propose
that the analgesic efficacy of lidocaine relates to the afferent
(sensory) innervation of the manipulated tissues and the
type of nociceptive pain associated with this innervation.
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Figure 2 Box and whisker plot of pain scores at rest for lidocaine (blue) and control groups (green) at 6-hour intervals for 30 hours following laparoscopic fundoplication.
Notes: 0, outlier; *, extreme outlier. Pain was assessed using an | [-point numeric rating scale (NRS-11). No significant difference between groups.
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Figure 3 Box and whisker plot of pain scores with movement for lidocaine (blue) and control groups (green) at 6-hour intervals for 30 hours following laparoscopic fundoplication.
Notes: 0, outlier; *, extreme outlier. Pain was assessed using an | |-point numeric rating scale (NRS-11). No significant difference between groups.
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Figure 4 Serum concentration-time profile of lidocaine for each of the |2 patients receiving an intravenous lidocaine infusion (I mg/kg loading dose, then 2 mg/kg/h for

24 hours).
Note: Different colored lines represent each of the 12 patients.

It would seem that intravenous lidocaine has the potential
to improve postoperative analgesia following abdominal
surgical procedures associated with visceral pain or post-
operative ileus. Laparoscopic fundoplication predominantly
involves surgical manipulation of the diaphragm, which
receives somatic sensory innervation via the phrenic nerve.
The pneumoperitoneum and tissue combustion plume that
are associated with laparoscopic surgery may also irritate
the parietal peritoneum. Since there seems to be a greater
proportion of somatic pain than visceral pain associated
with laparoscopic fundoplication, this may explain why an
analgesic benefit of lidocaine was not observed in this study.

This study had a higher incidence of lidocaine toxicity
than previous studies. No correlation was found between the
occurrence of adverse events and serum lidocaine concentra-
tion, however, this is not unusual, as local anesthetic toxic-
ity is described as being insidious and often unexpected.?!
Clinical signs and symptoms of lidocaine toxicity can occur
below the much quoted “toxic threshold” of 5 mg/L, as there
are inter-individual differences between lidocaine serum
concentration and its therapeutic or toxic effects.”” The greater
number of adverse events seen in this study may be partially
explained by the additional monitoring that the patients
received. This unpredictability in safety may limit the clinical
utility of intravenous lidocaine for postoperative analgesia.

The patients in this study were found to have greater
serum lidocaine concentration at steady-state than was antici-
pated. The clearance of lidocaine in this study population was
7.9+ 1.32 mL/kg/min, ~20% less than the estimate used when
formulating the dosage regimen.? This study found that an
infusion rate of 33 pg/kg/min (2 mg/kg/h) resulted in mean
steady state serum concentration of 4.1 mg/L. An infusion
rate of 26 pg/kg/min (1.6 mg/kg/h) would have been required
to result in the intended steady state serum concentration of
3.3 mg/L in this population.

The weakness of this study is the small sample size
because the trial was stopped early on the grounds of futility.
We acknowledge that this trial has a higher risk of Type II
error and it cannot exclude the possibility of a true effect size
less than the minimum effect size of interest stipulated in the
power calculation, however, we believe that it would have
been an improper use of resources and unacceptable risk to
patient safety in continuing the trial given the improbability
of achieving statistical significance even if the entire a priori
sample size was recruited. The strengths of this study are the
validity of the randomized controlled trial methodology, the
integrity of data collection, and close monitoring of patients
for adverse events. As such, this well-designed, albeit small,
study could contribute to future systematic reviews and meta-
analyses in this field.
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Further investigation is warranted to define the optimal
dosage regimen for intravenous lidocaine to balance analgesic
efficacy and patient safety. Only when an evidence-based
dosage protocol has been derived should further studies be
performed to identify which surgical procedures or patient
populations may benefit from intravenous lidocaine.

This study does not support the use of intravenous lido-
caine infusion for analgesia in patients undergoing laparo-
scopic fundoplication surgery. Intravenous lidocaine cannot
be recommended for analgesia until a safe dosage regimen
has been determined and the surgical procedures for which
patients can benefit from intravenous lidocaine infusion have
been identified.
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Abstract

Superior mesenteric artery (SMA) syndrome is an atypical, rare cause of both acute and chronic high intestinal
obstruction. Identification of this syndrome can be a diagnostic dilemma and is frequently made by exclusion.
The most characteristic symptoms are postprandial epigastric pain, eructation, fullness, and voluminous vo-
miting. Symptoms are caused by compression of the third portion of the duodenum against the posterior
structures by a narrow-angled SMA. When nonsurgical management is not possible or the problem is refractory,
surgical intervention is necessary. In this article, we report a case series of SMA syndrome in 3 patients with
radiologic evaluation confirming compression of the third portion of the duodenum by the SMA with resultant
proximal dilatation. The patients all successfully underwent laparoscopic duodenojejunal anastomosis.

Introduction

SUPERIOR MESENTERIC ARTERY (SMA) syndrome was de-
scribed in 1861 by the Austrian physician and philoso-
pher, Carl Freiherr von Rokitar\skyl and, since then, has been
described by many researchers as rare and difficult to diag-
nose. SMA syndrome has been defined as a condition in
which the third portion of the duodenum is compressed be-
tween the superior mesenteric neurovascular bundle anteri-
orly and the vertebral column posteriorly. This compression
leads to either an acute or chronic presentation of intermittent
emesis and postprandial abdominal pain. Many pathophysi-
ologic factors to the syndrome lead to a mechanical ob-
struction of the third portion of the duodenum. Extensive
investigations usually include an upper gastrointestinal
contrast study, endoscopy, abdominal ultrasound (U/S),
angiography, and multislice computer tomography (CT).
Conservative medical management is advocated as the first
line of treatment, but surgical management is considered in
cases where this has failed. Previously, open duodenojeju-
nostomy was considered the most successful surgical inter-
vention, but recent advances in laparoscopic techniques have
made laparoscopic duodenojejunostomy a safe, efficacious
option.

Case Report 1

A 4l-year-old female presented with an acute history of
right-upper quadrant pain. Her associated symptoms in-

cluded nausea, vomiting, and fever. Her past medical history
included quadriplegia secondary to a C6-C7 cervical sub-
luxation, cervical myelopathy, rheumatoid arthritis, psoriasis,
and a cholecystectomy 7 weeks previously. On admission, her
liver-function tests were deranged, suggestive of cholangitis,
and the patient was treated with antibiotics. A plain abdom-
inal X-ray showed a dilated stomach and associated dilatation
of the 2nd (D2) and 3rd (D3) part of the duodenum with
multiple air-fluid levels. The patient was treated conserva-
tively with nasogastric tube decompression. U/S was unre-
markable. After 5 days of conservative management, a CT
scan displayed dilatation of the proximal duodenum and
stomach, as well as nonspecific thickening of the sigmoid and
descending colon with surrounding inflammation. Due to the
dilatation of the proximal duodenum to D3, where it is in-
terposed between the SMA and the aorta, a diagnosis of SMA
syndrome was made. Despite a further period of conservative
management, the patient failed to improve and was taken to
the operating theater for a laparoscopic duodenojejunostomy.

The abdomen was entered through the umbilicus with an
optiview port, and after insufflation of the abdomen, three
5-mm ports were inserted. The omentum was dissected away
from the second and third parts of the duodenum, and it was
observed that the stomach and duodenum were grossly dis-
tended with an associated collapsed small bowel distal to the
duodenum. The transverse colon was elevated on sutures and
a window was made lateral to the middle colic vessels to
expose the duodenum. The duodenum was mobilized; the
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jejunum was approximated to the second part of the duode-
num in a retrocolic fashion. A stay suture, incorporating the
duodenum and the jejunum, was placed and enterotomies
were made in both loops of bowel. A 45-mm staple gun was
inserted, and a single fire was performed. Suture lines were
hemostatic and intact, and the enterotomy was closed with a
further staple line. There was no narrowing of the jejunal loop,
which was left sitting in a satisfactory position. Operative
time was 1 hour and 35 minutes. The patient recovered un-
eventfully and was discharged home on postoperative day 5.
During the acute period prior to surgery, she lost 4kg in
weight, but this returned to 51kg in 2 months postopera-
tively On follow-up, the patient has remained symptom-free
2.5 years postsurgery.

Case Report 2

A 28-year-old man was referred with a 10-year history of
recurrent episodes of subumbilical pain, sweating, fullness,
vomiting up to two meals at a time, weight loss of over 12kg
over 10 years, and explosive diarrhea. The episodes were
becoming more frequent over the preceding 6 months. He had
previously had multiple barium meal investigations that were
inconclusive. Past medical history included a previous cho-
lecystectomy. A CT scan with intravenous (i.v.) and oral
contrast showed narrowing of the SMA /aortic angle to ap-
proximately 20 degrees. This was associated with a partial
compression of the third part of the duodenum by the SMA.
While no dilatation of the proximal duodenum was seen, the
narrowing of the angle was in keeping with the suspected
diagnosis of SMA syndrome. The patient underwent a lapa-
roscopic duodenojejunostomy. The procedure was performed
in the same fashion as described in the first patient. The op-
erative time was 3.5 hours. The patient’s recovery was un-
eventful, and he discharged himself 4 days postsurgery. On
follow-up 5 years later, his symptoms have not recurred, and
his weight had increased from 61 preoperatively to 75 kg.

Case Report 3

A 36-year-old man presented with a 13-year history of se-
vere daily periumbilical abdominal pain, bloating, and flatu-
lence, with occasional episodes of vomiting if the pain was
prolonged. He had progressive weight loss because of poor
intake due to postprandial pain and was 50kg prior to sur-
gery. He also complained of bowel changes between con-
stipation and diarrhea. He had no medical history of note.
Previous investigations under the care of his primary physi-
cians included a hepatobiliary imino-diacetic acid scan,
Meckel’s scan, multiple gastroscopies, which included a
bowel flush-out, and the introduction of new bowel flora for
recolonization therapy. He was also treated with flagyl/
salazopyrin and colchicine, which seemed to assist in man-
aging the pain for a short period of time. He also underwent a
negative diagnostic laparotomy. Due to persistent presenta-
tions, the patient underwent an abdominal CT scan that
showed marked dilatation of the 2nd and 3rd parts of the
duodenum and a tapering of contrast between the SMA and
the aorta. The aorto-SMA angle was measured at approxi-
mately 17 degrees.

A diagnosis of SMA syndrome was made, and he was re-
ferred to our unit for consideration of laparoscopic duode-
nojejunostomy. At surgery, adhesions from the previous
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laparotomy were taken down, and findings included a
grossly dilated 2nd and 3rd part of the duodenum and a
completely collapsed 4th part of the duodenum with con-
strictions from the superior mesenteric vessels. The very short
loop of upper jejunum was brought across the duodenum in
the third part, and a stapled side-to-side anastomosis was
performed. The remaining enterotomy was closed with 3/0
prolene. The procedure time was 2 hours. The patient was
discharged on day 4. Since his operation 7 years ago, the pa-
tient has gained significant weight to approximately 62kg.
His symptoms, although not completely resolved, are signif-
icantly less severe. His persistent symptoms include bloating
and flatulence, as well as alternating bowel habit, and are
thought to be irritable bowl syndrome. However, his pain has
resolved. On follow-up gastroscopies, he has had a widely
patent duodenojejunostomy.

Discussion

SMA syndrome is defined as a compression of the third
part of the duodenum between the superior mesenteric neu-
rovascular bundle anteriorly and the aorta or vertebral col-
umn posteriorly. Compression of the duodenum is thought to
occur due to loss of fat around the superior mesenteric neu-
rovascular pedicle. SMA syndrome was first described in 1861
by von Rokitansky,' followed not long after by Willet, who
described, in 1878, a 17-year-old male with similar symptoms
after being placed into a body cast and hence coined the term
“cast syndrome.”2 In 1927, Wilkie also changed the termi-
nology to follow his surname after collating the largest series
of patients with a chronic duodenal ileus.” The term has
changed over the years, with Cimmino in 1961 describing it as
an angioneuromesenteric occlusion of the duodenum,* and in
the 1970s, it was described as a vascular compression of the
duodenum.’

Although the term SMA syndrome has changed over
the years, the symptomatology has remained similar. This
includes the description of postprandial pain, fullness, volu-

FIG. 1. Contrast computed tomography scan demonstrat-
ing dilated duodenum with transition point at level of su-
perior mesenteric artery (circled).



Downloaded by University of Sydney from www.liebertpub.com at 07/12/21. For personal use only.

LAPAROSCOPIC TREATMENT OF SMA SYNDROME

minous vomiting, with early satiety, nausea, and weight
loss.”'” The presentation may be of an acute nature within
hours or a chronic condition, which culminates in progressive
symptoms and severity.”*'""'? The patients are described as
having some relief of their symptoms when they place their
knees to their chest or when lying in the prone position
postprandially.® There has been a reported association of
25-45% and 50% with peptic ulcer disease and hyper-
chlorhydria, respectively.®

There are many thoughts as to the mechanism and cause of
SMA syndrome. It is believed that a decrease in the aortome-
senteric angle is one of the main contributing factors.*>”'31¢
The SMA usually forms an angle of approximately 45 degrees
(range, 38-56) with the abdominal aorta, and the 3rd part of
the duodenum crosses caudal to the origin of the SMA,
coursing between the SMA and aorta. Any factor that sharply
narrows the aortomesenteric angle to approximately 6-25
degrees can cause entrapment and compression of the third
part of the duodenum as it passes between the SMA and aorta,
resulting in SMA syndrome. In addition, the aortomesenteric
distance in SMA syndrome is decreased to 2-8 mm (normal is
10-20 mm).

This occurs either by reduction in the mesenteric fat, by
chronic immobilization in the supine position, which can
occur in trauma or burns patients,7’17 or dietary disorders,
such as anorexia nervosa or malabsorptive conditions."#2°
Another factor considered to be involved is a thickening of the
root of the mesentery itself. This may be due to the inflam-
matory pathology of a nearby structure, which affects the
surrounding mesentery, such as episodes of acute pancreati-
tis, acute enterocolitis, bowel infarction, or cholecystitis.g’n'14
Processes that limit the space of the vascular angle, such as
tumors, lymph nodes, or abdominal aneurysms, can also re-
sult in the syndrome.>”"""!* Diseases of the duodenum sub-
sequently leading to thickening may also be involved, such as
peptic ulcer disease and Crohn’s disease.''* Last, decreased
intestinal motility, leading to atonia and dilatation of the
lumen of the viscera, can be associated with SMA synclrome.14

As the diagnosis is essentially one of exclusion, frequently
patients undergo multiple tests before a diagnosis is finally
made.'®*'"* This is due to the variety of patient presentation,
the rarity of the syndrome, and the fact that conventional
investigations can commonly be negative. Confirmation
usually requires a combination of radiologic and endoscopic
investigations. A plain X-ray may indicate gastric dilata-
tion.141® A majority of patients will receive an endoscopy to
rule out a mechanical cause. A positive barium study will
show duodenal dilatation with retention of barium within the
duodenum. It will also show characteristic vertical linear ex-
trinsic pressure in the 3rd portion of the duodenum. /14162224
Hypertonic duodenography is also used to display the loca-
tion of an obstruction with a dilated proximal duodenum and
antiperistaltic waves in the dilated portion of the duode-
num.'*'*182! This can provide sufficient evidence for the di-
agnosis. Ultrasound or arteriography are used to visualize the
angle of the SMA and the aortomesenteric distance.'*** In
agreement with other studies, we have found that CT provi-
des information not only on the affected portion of the duo-
denum, but also assists in the measurement SMA-aortic
mesenteric angle (Fig. 1).'#'%%

Treatment usually begins with a conservative medical ap-
proach."""** Symptoms can resolve with i.v. fluid re-

49

175

placement, nasojejunal feeding in order to bypass the area of
narrowing, small liquid meals, prokinetic agents, or posi-
tioning the patient in a knee to chest position or prone after
eating.® Surgical treatment of SMA syndrome is indicated
when either conservative management fails or the condition is
chronic."' In 1908, Stavely performed the first open duode-
nojejunostomy,” after which many of the surgical procedures
were performed open, either proceeding to a gastro-
jejunostomy, duodenojejunostomy, or a ligation of the liga-
ment of Treitz with the associated repositioning of the
duodenum.'>* This surgery produced good results for the
patient’s symptoms. Studies have showed that the most suc-
cessful surgical procedure was a duodenojejunostomy.”**
Presently, laparoscopic management of SMA syndrome is
becoming a more popular alternative to open proce-
dures.!01#152-27 We have identified 6 case reports of lapa-
roscopic surgical intervention of SMA syndrome. In 1995,
Massoud described 4 patients that were treated via ligation of
the ligament of Treitz and reported a 75% success rate.'
Gersin and Heniford were the first to describe the laparoscopic
technique of duodenojejunostomy in 1998.'> Other reports
from Richardson and Surowiec,'® Bermas and Fenoglio,25 Kim
et al,” and Kingham et al.*” have indicated that laparoscopic
management is a safe alternative and that the procedure time is
reduced, the operative field is adequately accessed and visu-
alized, and recovery time is also reduced. As seen in our case
series, all 3 patients were treated conservatively in the first
instance, but due to persistent symptoms, underwent laparo-
scopic surgery. All 3 cases had minimal operating times, an
uneventful recovery, and were discharged shortly after sur-
gery. Two of the 3 patients had complete symptomatic relief
and the third had a significant improvement.

Conclusion

We believe that laparoscopic duodenojejunostomy is the
most appropriate form of surgical management in patients
who have failed conservative medical management of their
SMA syndrome.
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Abstract

Background: The role of routine intraoperative cholan-
giography is controversial. The aim of this study was to
assess the impact of routine intraoperative cholangiog-
raphy on the incidence of common bile duct injuries,
and to evaluate the operative outcome of laparoscopic
cholecystectomy carried out in a major teaching hospital
and review the literature.

Methods: Prospectively collected data on 3,145 laparo-
scopic cholecystectomies performed mainly by surgical
trainees in the period 1990 to 2002 using routine intra-
operative cholangiography with fluoroscopy were re-
viewed.

Results: The mean age of the study sample (65.6% male,
34.4% female) was 54 years, and 16.9% of the patients
had clinical acute cholecystitis. The conversion rate to
open cholecystectomy was 4.3%. Intraoperative chol-
angiography was attempted for 90.7% of the patients
with a 95.9% success rate. Five patients (0.16%) had
common bile duct injuries. Four injuries had occurred in
the first 5 years. One injury (0.06%) had occurred after
1995. This injury was identified intraoperatively and
repaired laparoscopically. Routine intraoperative chol-
angiography prevented one definite common bile duct
transection.

Conclusions: In this series using routine intraoperative
cholangiography, there was a low rate and severity of
common bile duct injuries, with a high intraoperative
recognition rate. There was no bile duct transection or
major injury requiring common bile duct reconstruction.
Although intraoperative cholangiography helped in the
immediate identification of injuries and the institution of
appropriate therapy, injury was not completely pre-
vented.

Key words: Common bile duct injury — Intraoperative
cholangiography — Laparoscopic cholecystectomy

Correspondence to: G. L. Falk

Common bile duct injury (CBDI) is a serious compli-
cation of laparoscopic cholecystectomy (LC) [5, 12]. The
reported incidence is widely variable [7, 9]. Many au-
thors reporting the early years of LC demonstrated a
higher rate and greater severity of CBDI than with open
cholecystectomy (OC) [3, 6, 7, 12, 14, 18, 21-23]. Over
time, the rate of injury has declined to a level, according
to many authors, still higher than that for OC [6, 9, 12,
21]. It is evident that the use of routine intraoperative
cholangiography (IOC) decreased significantly with the
advent of LC [4, 5, 11, 13]. The role of routine 10C
during LC continues to be a point of debate [11, 12].

The majority of CBDIs are attributable mainly to
misidentified anatomy of the biliary tract [2, 6, 7]. Pro-
ponents of routine IOC argue that it reduces the rate of
CBDI and facilitates the early recognition and repair of
such an injury with the best possible results [1, 5, 10, 12,
13, 17, 20, 21, 24]. However, opponents claim that IOC
prolongs surgery and increases cost, and that a safe
cholecystectomy can be performed without 10C [1, 8,
19, 25].

In this study we reviewed the outcome of LCs per-
formed in the upper gastrointestinal unit of a large
teaching hospital from the introduction of the procedure
and evaluated the impact that a policy of routine I0C
had on the incidence of CBDI.

Methods

Data was collected prospectively for 3,145 LCs performed in the per-
iod 1990 to 2002 using a standard proforma. Surgical trainees rou-
tinely performed the majority of these procedures under variable
supervision depending on their experience. There was a long-standing
policy of routine IOC with fluoroscopy from the era of OC. The
procedure was performed using a four-port technique, with patients in
either the supine or lithotomy position. Cholangiography was per-
formed using the Concord Cholangiography Set (Wilson Cook Aus-
tralia, 8 Mile Plain, Queensland, Australia) after a small incision was
made in the proximal cystic duct. The operating surgeon interpreted
the films, and an intraoperative radiologic opinion was requested only
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Table 1. Laparoscopic cholecystectomy outcomes

1990-1995 1996-2002 1990-2002

(n = 1,485) (n = 1,660) (n = 3,145)

% % % p Value®
Conversion to open 6.3 2.5 43 <0.0001
Cholecystitis 16.4 17.5 16.9 0.437
Attempted cholangiography 87.7 93.4 90.7 <0.0001
Cholangiography success 94.8 96.7 95.9 0.013
Unsuspected stones 3.8 1.2 2.4 <0.0001
Bile duct injury 027 (n = 4) 0.06 (n = 1) 0.16 (n = 95) 0.307
& Comparing 1990-1995 and 19962002
Table 2. Injury type and patient characteristics
Injury type Year Age (years) 10C Dx Hospital Stay (days) Risk
Clip to CBD 1991 72 Yes 7 Dense adhesions
Lateral CBD 1993 70 Yes 13 Mirizzi, adhesions
Lateral CBD 1994 77 Yes 30 Gastrectomy
CBD stricture 1995 26 No* 11 Dense adhesions
CDCBDIJ 2000 78 Yes 5 Difficult cannulation

10C, intraoperative cholangiography; Dx, diagnosis; CBD, common bile duct; CDCBDJ, cystic duct CBD junction

# Presented 20 days later with cholangitis

rarely. The charts of all the patients with possible CBDI or abnormal
cholangiographic findings and the charts of any whose procedure was
converted to OC then were reviewed individually. The senior consul-
tants of the unit were interviewed individually for any possible missed
injuries. The patients identified with CBDI then were contacted for
follow-up assessment.

The data were arbitrarily classified into two groups: 1990 to 1995
and 1996 to 2002. Differences between the two periods then were
compared using the chi-square test, and p values less than 0.05 were
considered significant.

Results

Overall, between 1990 and 2002, 3,145 cholecystecto-
mies were performed (65.5% involving males and 34.4%
involving females) (Table 1). The mean age was 54 years.
There were operative findings of acute or chronic cho-
lecystitis in 16.9% of all patients, but in 41% of those
whose procedures were converted to OC. There was a
total of five CBDIs (0.16%). Intraoperative cholangi-
ography was helpful in making the diagnosis for 80% of
the injuries. Four of the five injuries occurred in the first
5 years, and one injury occurred after 1995.

Injury types and relevant risk factors are summa-
rized in Table 2. Difficult dissection was a major con-
tributing factor for 80% of the injuries. One major
transection was prevented as a clip was applied to a
presumed cystic duct and an incision was made in the
CBD for cholangiography. The incision was extended to
extract a CBD stone and then closed over a T-tube
(Table 3). A patient with a delayed stricture was
admitted with cholangitis, then treated with endoscopic
retrograde cholangiopancreatography (ERCP) and
stenting. The stent was replaced once and an endoscopic
dilation subsequently was performed once as a day
procedure. Follow-up ERCPs have been normal. The
three lateral injuries resulted in small leaks that were

Table 3. Injury treatment and outcome

Injury Treatment Follow-up (2-8 years)

Clip to CBD Clip removal, open T-tube  Deceased, unrelated
cause

Lateral CBD Open T-tube repair Deceased, colon
cancer

Lateral CBD Open T-tube repair Well

CBD stricture  ERCP + stent, balloon Well

CDCBDJ Laparoscopic T-tube Well

CBD, common bile duct; ERCP, endoscopic retrograde cholangio-
pancreatography; CDCBDJ, cystic duct CBD junction

detected intraoperatively and easily repaired with a T-
tube. One injury occurred after a persistent attempt to
perform a cholangiogram and was treated with a lapa-
roscopically placed T-tube. One patient had a prolonged
hospital stay, which was largely because of nonmedical
issues.

Discussion

After the introduction and widespread application of
LC, there was a considerable rise in iatrogenic CBDIs,
which have declined with increased experience [5]. The
hope that the injury rate would decline to that for OC
has not been universally achieved [11, 12]. Archer et al.
[1] have shown that surgical training is associated with
fewer “learning curve” CBDIs, but that it has no effect
on injuries occurring after 200 cases have been per-
formed. A third of injuries occurred after the surgeon
had performed 200 cases, leading to the conclusion that
there is a risk inherent in the procedure.

From the largest population-based study in the lit-
erature, Flum et al. [5] showed a significant decrease in
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Table 4. Studies with injury rates with and/or without cholangiography

CBD injury rate (%)

Author Total patients Overall No I0C Selective IOC Routine IOC/with all
Ludwig [13] 95,363 0.32 0.34 0.30 0.28

Rosenthal [19] 71,991 0.37 0.37 0.42 0.30

Fletcher [4] 19186 0.23 0.36 0.14

Flum [6] 30,630 0.25 0.33 0.20

Flum [5] 1,570,361 0.50 0.58 0.39

Richardson [18] 5913 0.60 0.60

Macfadyen [14] 114,005 0.50 0.50

Krahenbuh[9] 12,111 0.30 0.30

Ludwig [12] 327,523 0.36 0.43 0.21

CBD, common bile duct; IOC, intraoperative cholangiography

the rate of CBDI with 10C after controlling for patient-
level and surgeon-level factors (Table 4). In a meta-
analysis of the literature, Ludwig et al. [12] found the
rate of CBDI with LC to be 0.36%. With routine use of
10C, this rate was reduced to 0.21%, as compared to
0.43% when 10C was performed selectively. Fletcher et
al. [4] reported similar findings of CBDI reduction with
I0C. A comparison of injury rates by similar large
studies in the literature showing a reduction in CBDI
with IOC is summarized in Table 4. In the current study,
the total CBDI rate of 0.16% is similar to the reported
injury rate for OC [11, 12]. The rate has been shown to
decrease from 0.27% to 0.06% after the first 5 years of
“the learning curve.” Other studies report comparable
CBDI rates [2].

Another benefit of routine I0C is early recognition
of injuries [11-13, 19, 23, 24]. The early diagnosis of
CBDI significantly improves the clinical outcome and
quality of life for patients, reduces total costs, and
shortens the hospital stay [10, 20, 21]. However, Slater et
al. [21] cautioned that this benefit is dependent on the
surgeon’s correct interpretation of the biliary anatomy
displayed by the IOC. In the review by Ludwig et al.
[12], the intraoperative diagnostic rate of injuries was
87% with routine 10C, as compared to 44.5% with
selective I0C.

In our study, four of the five injuries were identified
intraoperatively, and the appropriate treatment was
instituted immediately. The hospital stay of the patients
was not different from that for the average OC. One
elderly patient had a prolonged stay for nonmedical
reasons. The only incident not discovered intraopera-
tively was the delayed presentation of a stricture likely
attributable to an ischemic cause.

There is some evidence that the injuries sustained
during routine IOC are of lesser severity [11, 19, 21]. In
the current series, in addition to the low rate, the injuries
were of much lower severity. The “classic injury” of the
CBD associated with LC and its variants have been well
described (Fig. 1) [15, 23]. Because the most common
cause of injury is misidentification of the CBD for the
cystic duct, cholangiography would detect the mistaken
incision in the CBD for cholangiography early and
prevent complete transection or excision [2, 3, 10, 16,
17]. The first patient in our series would have undergone
a definite bile duct transection had routine cholangiog-

raphy not been performed. All other injuries were lateral
injuries that were repaired with T-rube placement. These
would be classified as Strasberg “D type” injuries, which
are considered minor (Fig. 1) [23]. Given the consider-
able experience with laparoscopic CBD exploration in
the unit, the latest injury was easily repaired over a T-
tube laparoscopically, and the patient was discharged
home in 5 days.

One of the arguments against routine IOC is that it
adds unnecessary cost and time and is impractical. In-
traoperative cholangiography adds an average of 8 min
to the operative time [11]. In the current series, IOC
required an extra 3 to 6 min. We have found that once
the operating room team gets the message that this is an
essential procedure required with every LC, the effi-
ciency improves dramatically. The surgical trainees
quickly grasp both the technique and the interpretation
of cholangiography. Cost benefit analysis shows that the
extra cost incurred by routine IOC is offset by savings
on the cost of managing CBDI and possible litigation [1,
11, 16, 17]. According to Ludwig et al. [11], one severe
CBDI prevented would potentially pay for 1,000
“unnecessary’”’ cholangiograms.

Although clinically significant complications directly
attributable to laparoscopic IOC are rare, the procedure
is not completely benign [16]. For those not familiar
with the interpretation of I0C, avoidable false-positive
results for stones may lead to unnecessary CBD explo-
ration or ERCP [16]. This goes against the argument for
selective IOC. It is, however, important to note that one
of the injuries we report was a leak at the cystic-duct-
CBD junction resulting from a persistent attempt at
cholangiography.

Although cognizant of the limitations of population-
based retrospective studies, several large reports give
similar results in favor of routine IOC (Table 4). Flum et
al. [5] raises an important issue in suggesting that sur-
geons who perform routine I0C may be different in
other ways that offer protection from CBDI. We spec-
ulate that performance of routine IOC may lead to a
different technique of dissection with a focus on Hart-
mann’s pouch-cystic duct junction, inadvertently leading
to a safer ““gallbladder down” process of dissection ra-
ther than a direct Calot’s triangle-focused dissection.
This is in fact what surgeons do when faced with severe
inflammation during acute cholecystitis.



Fig. 1. Proposed classification of laparoscopic injuries to the biliary
tract. type A to E injuries are illustrated. Type E injuries are subdi-
vided according to the Bismuth classification. Type A injuries originate
from small bile ducts that are entered in the liver bed or from the cystic
duct. Types B and C injuries almost always involve aberrant right
hepatic ducts. Types A, C, D and some E injuries may cause bilomas or
fistulas. Type B and other type E injuries occlude the biliary tree, and
bilomas do not occur. (Reprinted with permission, Strasberg et al. [23])

In conclusion we support the statement of Slater et
al. [21] that IOC should not be a substitute for careful
dissection and delineation of the anatomy. However it
was evident in this study that IOC can be instrumental
in the early recognition of injuries and avoidance of the
sequelae associated with late diagnosis. It spared one
patient a definite bile duct transection. In addition, the
injuries sustained were of much less severity. Our expe-
rience shows that IOC is a technique that can be
incorporated easily into the LC procedure, and when
used routinely, can be performed efficiently. The find-

ings also show that the risk of misinterpretation and
complication is minimal.
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Abstract

Background: Nissen fundoplication has become the standard operative procedure for the treatment of severe gastroesophageal reux
disease. The use of Teon pledgets in Nissen fundoplications by our unit has been associated with a number of complications that has led
to a change of technique in performing these operations.

Methods: We reviewed our database of all patients who had fundoplications that involved the use of pledgets and identied those who had
represented with postoperative complications related to pledget erosion/migration.

Results: We identied 11 patients to date from a total of 1,175 fundoplications who had symptomatic pledget erosion occurring between
2 and 85 months after surgery (mean time 33.3 months). Symptoms included dysphagia, recurrent symptomatic gastroesophageal reux,
chest pain, and melaena, and in some cases signicant morbidity was associated with the erosion. No common factor predisposing these
patients to pledget erosion was identied. In the majority of cases removal of the pledget was associated with resolution of the symptoms.
A review of the literature does not reveal any similar studies but problems associated with the erosion and migration of Teon prostheses
are described.

Conclusions: The use of Teon pledgets in fundoplication is associated with a small but signicant risk of complications that has led to
our unit abandoning this technique. © 2004 Excerpta Medica, Inc. All rights reserved.

Keywords: Fundoplication; Teon; Pledget; Erosion; Esophagogastric penetration; Gastroesophageal reux

Nissen fundoplication (laparoscopic or open) has become same problem as our initial case study. A review of the
the standard surgical treatment for severe gastroesophageal literature has not revealed similar cases.

reux disease [1-6]. Complications of both the open and
laparoscopic techniques have been well reported in the
literature [7-11]. We have previously described a case in
which the Teon pledgets used to buttress the wrap, eroded
into the esophagus resulting in signicant morbidity [12].
The aim of this study wasto investigate the incidence of this , ) , ;
complication in our patient population and document the ~ Palients operated on by the senior author; patient details

associated symptomatology and morbidity. All fundoplica- being recorded by a data manager on a Microsoft database
tions performed by our unit between 1992 and 2000 in- and Excel spreadsheet. All fundoplications both laparo-

Methods

A prospective computer based record has been kept of all

volved the use of Teon pledgets. A review of our database scopic. and operation are recordgd individually. Hospital
has revealed that from atotal of 1,175 operations there have operation records were also reviewed for each case. A
been 11 cases where use of the Teon has resulted in the review of the literature using the Medline and Pub Med

search engines was conducted, using the terms “fundopli-
cation, postoperative complications, pledget, suture tech-
* Corresponding author. Tel.. +612-9745-1099; fax: +612-9745- nlqu_es’ Teon, .PTF!E (pOIyt.e”auoro.ethX,l ene).’ er(.)S on.
1299, foreign body migration and inammation,” to identify any
E-mail address: glf@tpg.com.au related case reports or articles.

0002-9610/04/$ — see front matter © 2004 Excerpta Medica, Inc. All rights reserved.
doi:10.1016/j.amjsurg.2003.11.028
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Results

Symptomatic lumenal penetration of Te on pledgets to
this date has occurred in 11 patients from a total of 1,175
cases in our database, (an incidence of less than 1%). Pa-
tients suffering the complication ranged in age from 41 to
74 years with an average age of 55.8 years. There were 6
men (average age 53.2 years) and 5 women (average age
58.8 years). No common factor predisposing these patients
to pledget erosion was identi ed.

Indications for initial surgery

All patients initially presented with symptoms of severe
gastroesophageal re ux disease, incompletely controlled
with medical therapy. Hiatus hernias were present in 4 of
the 11 patients, grade 2 esophagitisin 6, Barrett’ s esophagus
in 2, and esophageal stricture in 1. Two patients had had
previous hiatal surgery, 1 a previous fundoplication with
recurrent symptoms and a recurrent hiatus hernia, and the
other a previous fundoplication and highly selective vagot-
omy. All patients had evidence of gastroesophageal re ux
disease documented by endoscopy and either manometry
and pH testing, or contrast radiology before their surgery.

Operations

Laparoscopic fundoplication was performed in 7 pa
tients, 1 underwent a laparoscopic fundoplication and cut
collis gastroplasty, and the 2 patients with previous surgery
had open fundoplications, 1 with esophagea lengthening.
The remaining patient underwent an open fundoplication
because of multiple previous open abdominal operations.

In the immediate postoperative period 1 patient had
problems with vomiting, and a super cial wound infection.
The uncomplicated laparoscopic cases were discharged 2 to
3 days postoperatively and the open cases between 7 to 10
days. There was no difference between the series and sub-
ject patients in indication, operation or complications.

Outcome

Postoperatively al initialy had good relief of heartburn
and regurgitation. At the postoperative consultation 3 pa
tients had a Visick score of 1, another 7 patients had a score
of 2, and the remaining patient had a score of 3. Asymp-
tomatic patients with no past diagnosed Barrett’ s esophagus
are not routinely endoscopied after 3 months. All symptom-
atic patients, however, are routinely endoscopied. Symp-
toms recurred between 2 and 85 months after surgery (mean
33.3 months), with 36% of patients presenting more than 52
months after surgery (see Table 1). Also of note, however,
is that fact that 5 of the 11 patients had had other ongoing
problems between their initial surgery and further presen-
tation with symptoms presumably related to their pledget
erosion (eg, gastric ulceration, right upper quadrant pain,

Table 1
Time after initial surgery until symptomatic representation and diagnosis
(months)

Time to representation Time to diagnosis of erosion

Mean 333 37.9
Median 24 37
Range 2-85 2-85

presumed biliary colic, atypical chest pain). Four patients
underwent laparoscopic cholecystectomy for pains similar
to biliary colic during the intervening period with 3 expe-
riencing some relief of these symptoms. Uncertainty re-
mains as to whether in ammation associated with early
pledget erosion may have been responsible for some of this
symptomatology, which was wrongly attributed to other
Causes.

Representation

Symptoms that led to representation were varied. Three
patients had dyspeptic epigastric pain and a recurrence of
their initial symptoms of gastroesophageal re ux disease.
Three had atypical chest pain (1 also with recurrent symp-
toms of gastroesophagea re ux disease), 2 had signi cant
dysphagia (1 being the original patient) [12], and 3 pre-
sented with melaena and a signi cant drop in their haemo-
globin. One of these latter patients, however, had aready
had a diagnosis of pledget erosion made on surveillance
endoscopy for Barrett’'s, and was being managed medically
prior to the bleed (see Table 2).

Patients with melaena underwent endoscopy which dem-
onstrated the pledget erosion to be the source of the bleed-
ing. The patients with dysphagia were investigated with a
combination of barium swallow and gastroscopy, while
those who presented with recurrent symptoms of gastro-
esophageal re ux disease were investigated with either con-
trast radiology, manometry and pH testing, and gastroscopy
(or combinations of the above). Those who presented with
atypical chest or epigastric pain, differing in nature to their
previous symptomatic gastroesophageal re ux, were ini-
tially investigated for other causes of upper abdominal pain.
This included abdominal ultrasonography and CCK/HIDA
scans to exclude cholelithiasis as a cause. They were also
investigated for recurrent gastroesophageal re ux disease.

Table 2
Symptoms at representation
Atypica Predominant Dysphagia Melagna
chest pain gastroesophageal
re ux
3 3 2 3
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Diagnosis

The diagnosis was made at gastroscopy in 9 of the 11
patients, during open surgery in 1, and during an endoscopic
retrograde cholangiopancreatogram in the remaining pa-
tient. Eight patients had 2 or more gastroscopies before the
diagnosis was con rmed and the pledgets successfully re-
moved, with 2 patients having 4 gastroscopies each. Diag-
nosis was made between 2 and 85 months after the original
surgery (mean 37.9 months). In 6 patients the diagnosis was
made within 1 month of representation, in another 3 it took
up to 6 months, and in the remaining 2, it took 18 months
(see Table 1). In 5 cases the pledget had eroded into the
stomach, in 4 the pledget had eroded into the cardioesopha
ged junction, and in the remaining 3 the pledget had eroded
into the esophagus. Three patients also had recurrent hiatus
hernias, and 1 had evidence of a gastroesophageal stulaon
contrast radiology.

Management

In 8 patients the pledgets were successfully removed by
endoscopy (with 1 being during the abovementioned endo-
scopic retrograde cholangiopancreatogram). In 2 cases the
pledgets were only removed at laparotomy, and 1 patient
has a pledget that is yet to be removed (now 4 months after
the diagnosis of pledget erosion). Removal of the pledget
was performed at the time of diagnosisin 6 patients, within
2 months in 3 patients, and after 14 months in the other.

Symptoms resolved in 6 patients after endoscopic/open
removal of the pledget with the period of follow-up ranging
from 6 weeks to 34 months. After reoperative fundoplica-
tion a further 2 patients also had improvement of their
symptoms. Two patients have continuing symptoms proba
bly not attributable to the pledget erosion, 1 having right
upper quadrant pain, and the other con rmed biliary pain
and biliary dyskinesia.

Literature search

A review of the literature using the Medline and Pub
Med search engines and the terms Te on, PTFE, pledget,
erosion, fundoplication (laparoscopic and open), and com-
plication does not reveal any other reports of postoperative
erosion associated with Te on pledgets complicating fun-
doplication apart from our origina patient [12]. Postopera
tive esophageal erosion or gastric ulceration is described in
a small number of case reports, but the association with
Te on pledgets is not described [11,13,14].

Multiple papers looking at the effectiveness and compli-
cations associated with both open and laparoscopic fundo-
plications did not mention any Te on-associated perfora
tions [3-11]. Hinder et a [6] reviewed the effectivenessin
198 patients of laparoscopic fundoplication with pledgets
being used to secure the wrap. During a follow-up period of
up to 32 months, no complications associated with erosion

of the pledgets were documented in this study population. A
more recent paper by Bammer and Hinder et a [8] then
looked at the 5- to 8-year follow-up of laparoscopic fundo-
plication in 171 patients. In this patient population again
there is no mention of Te on-associated gastroesophagesl
perforation [8]. An earlier paper by Dunnington and De-
Meester [9] looking at the 2-year follow-up of open fundo-
plications in 58 patients also mentions no problems associ-
ated with pledget erosion.

A review of the available literature looking for compli-
cations associated with the use of Te on in genera, (using
the words Te on, PTFE, erosion, foreign body migration,
complication and immune reaction) reveas a small number
of papers describing the erosion or migration of polytetra-

uoroethylene pledgets, vascular grafts or implants [15-17].
One in particular described the erosion by pledgets origi-
nally used to close the aortic cannulation site in cardiac
bypass surgery through the sternum, from whence they were
extruded 6 years after the original operation [15]. Another
describes the erosion into the urethra of a polytetra uoro-
ethylene suburethral sling [16], and others describe the
erosion into the small bowel of a polytetra uoroethylene
venous grafts causing bowel obstruction [17]. Several au-
thors describe the migration of Te on paste particles orig-
inally used to treat ureteric re ux, which then appeared
elsewhere in the body [18-22].

A search looking for studiesthat speci cally investigated
the safety of exogenous implant substances found a number
of papers describing chronic, low-grade local in ammatory
reactionsto Te onimplants[23-26]. It has aso been shown
to have the potential to migrate away from theinitial site of
insertion [27]. In general, however, it has been regarded as
alargely inert substance less likely to cause problems than
many others.

Comments

The Te on pledget buttressed fundoplication was per-
formed with the view to prevent recurrence by reinforcing
the wrap using amodi cation of the technique described in
the literature by DeMeester [6]. An earlier paper by De-
Meester [9] compared open fundoplication with medical
treatment for gastroesophagea re ux and followed up 34
patients with pledget reinforced fundoplication for 2 years.
No problems with pledget erosion were documented.
Hinder et a [6] also used this technique in their study
assessing the effectiveness of |aparoscopic fundoplicationin
treating gastroesophageal re ux disease in 198 patients,
although at 32 months they had not experienced any com-
plications from pledget erosion.

In our experience the average time to representation with
symptoms attributable to the pledget erosion was 33.3
months, and 36% of our patients presented only after 50
months. This longer period was a possible reason for the
variance in observation between our ndings and those of
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DeMeester [9] and Hinder et a [6]. In our experience the
symptoms that led to representation were varied and often
nonspeci ¢ and insidious, resulting in the period between
symptomatic presentation and the subsequent diagnosis of
pledget erosion ranging from O to 19 months. Symptoms
may be present many months before the pledget isvisible on
endoscopy, and, as in our series, these may be wrongly
attributed to other causes. Bammer et a [8] noted that at
long-term follow-up, 14% of their patients were on contin-
uous proton pump inhibitor therapy, 79% of these for ab-
domina or chest symptoms thought to be unrelated to re-

ux, and made the comment this was higher than expected.
In only 6% was there documented gastroesophageal re ux
disease and the others had “vague, nonspeci ¢ symptoms’
[8]. We consider that a proportion of these could be attrib-
utable to the effects of chronicin ammation associated with
Te on pledgets.

Other reports of extrusion of Te on in different settings
demonstrate the universal potential for this phenomenon
[15-17]. In all cases the removal of the Te on (where
possible) alowed resolution of the problem, aswasfound in
this study in which 70% of patients experienced symptom
resolution after removal of the pledget, and another 20%
experienced signi  cant improvement.

In conclusion, the use of Te on buttressed fundoplica-
tion has created an infrequent, but potentially dangerous
situation not present using sutures alone. Te on appears to
be not as “biologically inert” as previously assumed, and its
use can lead to migration, implantation, and occasionally
serious complications. In the face of the experience reported
herein, we cannot support the use of this technique any
further.
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Laparoscopic cut Collis gastroplasty: a novel technique

G. L. Falk, R. I. Harrison

Division of Endosurgery, Department of Surgery, Concord Hospital, Sydney, Australia

INTRODUCTION

The surgical treatment of gastro-esophageal reflux
disease has undergone a period of rapid change with
the advent of laparoscopic techniques. Many series
are reporting excellent early results.!?

Patients with severe disease such as Barrett’s esoph-
agus, esophageal stricture or giant mixed hernias may
present the technical difficulty of shortened esopha-
gus. The complication of reherniation may relate to
the presence of shortened esophagus.’

In the open era, an accepted method of managing
the short esophagus has been the Collis gastroplasty.*
This operation has often required thoracotomy.
Martin et al.,> describe a simple technique, an adapta-
tion of the Mason gastroplasty, which allows perfor-
mance of this operation transabdominally.® We have
adapted this technique to be performed by
laparoscopy, and report the technique in three consec-
utive patients with shortened esophagus.

OPERATIVE TECHNIQUE

The usual five port approach to laparoscopic fundo-
plication is utilized.” Full hiatal and esophageal mobi-
lization is performed. The short gastric vessels are
divided and posterior gastric vessels, when present,
are also divided. It has been our impression that the
vision obtained by laparoscopy may be deceptive and
a measured segment of 3cm of intra-abdominal
oesophagus (along the known length of a grasper)
should be obtained.

Full mobilization of the hiatus and bare area of the
stomach is performed. An assessment of the tension
required to hold the cardio-esophageal junction 2 cm
within the abdominal cavity is made. This is necessarily
judgemental. If, after full mobilization, with no pos-
terior attachments remaining, the cardio-esophageal

Correspondence to: Gregory L. Falk MB BS FRACS, PO Box
1085, Strathfield, Sydney, Australia 2135,

junction cannot be delivered into the abdominal cavity
with moderate retraction, we have considered the
esophagus short.

Once short esophagus is diagnosed intraoperatively
an 18 mm dilating trocar* is introduced in the mid
clavicular line to the right of the umbilicus. The
Stealth 21 ECS circular stapler* is introduced through
the wound after the trocar is removed. The abdominal
wall seals adequately around the stapler to maintain
pneumoperitoneum. The anvil is removed within the
abdominal cavity and the spike attachment placed in
the anvil. A 44 French bougie is passed orally and
positioned along the lesser curve of the stomach to
calibrate the Collis tube, so excessive ‘bagginess’ of
the lengthened esophagus is avoided. The fundus of
the stomach is then elevated and a modified Allis
laparoscopic clamp is used to grasp the anvil and
spike while it is passed from posterior to anterior close
alongside the bougie at the lesser curve. The spike is
removed, anvil reattached to the ECS 21 and a stapled
window made between anterior and posterior wall of
the stomach. Occasional bleeding is suture ligated.
The stapled tube is constructed by insertion of an
endoscopic linear cutter alongside the bougie (Fig. 1).

The hiatal repair is performed around a 56 Fr
bougie with O Ethibond* and a posterior 270 degree
partial fundoplication completed using 2/0 Ethibond.*
(Fig. 2). The fundoplication is sutured to the diaphragm
laterally, and the crura posteriorly (fundophrenopexy).
A partial fundoplication has been performed as the
Collis tube is aperistaltic and the effect on swallowing
was uncertain.

RESULTS

The procedure has been undertaken in three patients,
all female, ages 44,57 and 86 years, weight 83 Kg, 83
Kg and 55 Kg. Two patients had large mixed hernias

*Ethicon Endosurgery: Johnson and Johnson
Medical
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Fig. 1 Staplers for transabdominal cut-collis gastroplasty.

and one had a sliding hernia with previous stricture and
the cardio-esophageal junction was 8 cm above the hia-
tus. All patients underwent preoperative manometry
and 24 h esophageal pH studies. Acid exposures during
the 24 h period were 6.9%, 7.3% and 14.2%. All
patients had preoperative esophagitis and failed symp-
tomatic control on proton pump inhibitors. The peri-
staltic function of all three patients was normal on
manometry.

The operation in each case was undertaken using
the previously described technique. The operation
duration decreased progressively with familiarization
from 240 min in the first case to 140 min in the third.

Postoperative management consisted of a 48 h
total fast, then a contrast swallow prior to consuming
oral fluids. Two patients were discharged well on day
5, and one on day 4, postoperatively. With further
familiarity with the procedure a contrast swallow will
be performed on postoperative day 1, planning for
earlier discharge.

Fig. 2 Completed stapled cut-collis gastroplasty.

There were no postoperative complications and all
three are symptomatically excellent 1, 2 and 3 months
postoperatively. All are tolerating a normal diet. All
patients have control of heartburn and regurgitation
and one suffered mild transient dysphagia which has
settled. Each patient has undergone a delayed Barium
meal showing intact fundoplication and gastroplasty
tube

DISCUSSION

This technique of laparoscopic transabdominal cut
Collis gastroplasty has not been described before.
Three cases of Collis gastroplasty have been success-
fully performed by Swanstrom,® where the stapling
instrument has been introduced through the chest.
Swanstrom and others report that it is possible some
of the reported complications of laparoscopic fundo-
plication, such as acute paraesophageal hernia and
hiatal failure may be related to undiagnosed short
esophagus and may be avoided by judicious use of the
laparoscopic Collis gastroplasty.® '

[t is our opinion that the use of the gastroplasty
tube is only needed if full intrathoracic mobilization
of the esophagus has failed to yield an adequate
length of intraabdominal esophagus without undue
tension. What constitutes undue tension is purely
judgemental at this point. We have based identifica-
tion of ‘short’ esophagus on operative findings at
completion of dissection. Large hiatal herniation
(> 5cm), previous stricture and Barrett’s esophagus
alert us to the potential of ‘short’ esophagus, but
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many of these cases are possible without Collis
gastroplasty. Either our technique, or Swanstrom’s,
would seem to offer advantages, over open surgery, in
the treatment of the shortened esophagus, however,
the application of Martin’s technique will allow full
visualization of the stapler at all times, and no neces-
sity for transgression of the pleura.

Laparoscopic Collis gastroplasty appears techni-
cally feasible and further clinical experience is justi-
fied, to assess the clinical outcome of the operation
performed by laparoscopy.
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A PRELIMINARY EXPERIENCE OF LAPAROSCOPIC CHOLEDOCHOTOMY
WITH PRIMARY CLOSURE
Technique and results in 11 patients

R. I. Harrison, G. L. Falk

Svdney - Australie

he introduction of laparoscopic gallbladder surgery has raised new issues in the treatment of common bile duct (CBD)

calculi. Surgeons have increasingly acquired the skills to remove CBD calculi by laparoscopy. The use of endoscopic

retrograde cholangio-pancreatography (ERCD) and endoscopic sphincterotomy (ES) for preoperative diagnosis and
management of CBD calculi based upon the "principal” of minimal invasion, became more prominent. This occurred despite
complication rates of ES of around 10% [1, 2, 3]. Complication rates, therefore, became cumulative as ERC and ES were
combined with laparoscopic cholecystectomy rates that were similar to conventional surgical exploration of the CBD (4,5, 6].
This is especially poignant in a group of patients in whom bile duct surgery had previously been relatively safe, namely the
younger and healthier patients. Cognisant of these factors, our unit has been performing laparoscopic choledochotomy with
fibreoptic cholangioscopy since 1991. Since that time 90 choledochotomies have been performed in the surgical unit and have
been reported. It has been our practice to routinely place a T-tube into the CBD after completion of CBD exploration. Based
upon results of both open and, more recently, laparoscopic primary CBD closures 7,8, 9] we have undertaken a similar series
since March 1996 and our experience with the first eleven patients is presented.

KEY WORDS : Laparoscopy, Common bile duct lithiasis, Choledocotomy, Laparoscopic primary closure.

“] METHODS

The first patient was treated by primary CBD closure in
March 1996. Since that time, 11 patients (F/ M : 8/3) with
average age 69 years have undergone similar laparoscopic
treatment for choledocholithiasis.

SURGICAL TECHNIQUE

The patient can be positioned in either the "American”
or "French" position with the surgeon standing on the
patient's left side. Four ports are required routinely but a
fifth port can be placed to enable downward retraction on
the duodenum to expose the CBD.

Intraoperative cholangiogram is routine and confirms
the presence and site of CBD stones. Laparoscopic
choledochotomy is reserved for those patients that are
deemed unsuitable for transcystic exploration ; namely,
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large and multiple CBD stones and proximal duct stones.
We have elected not to explore a CBD less than 6 mm by
laparoscopy.

A two handed scissor dissection technique is utilised to
elevate the adventitia over the CBD. A "patch” of adventitia
is excised from the anterior aspect of the CBD.

Choledochotomy is made using a sharp hook or cutting
diathermy. Careful cautery of vessels is usually required.
The length of choledochotomy is dictated by the size of the
stone to be extracted but is, in principle, kept to a
minimum. The flexible choledochoscope can be easily
deployed via the epigastric port and guided by an overtube.
Stones are extracted by Dormia retrieval, flushing, balloon
Or massage.

After choledochoscopy confirms duct clearance the
choledochotomy is closed using a continuous 4/0 PDS® or
Maxon® suture. We have used a size 4 end hole ureteric
catheter inserted into the cystic duct and secured with a
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LAPAROSCOPIC CHOLEDOCOTOMY WITH PRIMARY CLOSURE - 11 PATIENTS

: : Length of Length of i - Follow up
Presentation Cholangiogram operation stay (Post op) Complications (months)
Elective surgery 8 mm CBD g : : :
. 20 s 2 days Nil ‘ 9
Wil Normal LFT's & US | Single distal stone i days :
Elective surgery 15 mm CBD ; : ‘
F 90 mins 4 d Nil 9/12
Ii Preop. US dilated duct Single stone s 2 ; |
Suspected :
Elective surgery 10 mm CBD : pulmonary
E79 170 mins 3 days 8/12
Normal LFT's/US Single large stone S 2 embolism 1
| stone month
Elective surgery 10 mm CBD . ' ‘
A : i ; 2 y ays 2
ol Symptoms of cholangitis Multiple stones 40 mins 2 days ‘ el
Elective surgery 8§ mm CBD ) 4
Lk No symptoms Multiple stones iy L 102
L LR 12 cm CBD L3 Died D4 pollop
= Pam.n.atllt.].s Large stone 160 mins Asp Pneumonia
Cholangitis
Elective surgery 12 mm CBD : :
= - : 160 mins 3 days 2
7 Symptoms of cholangitis Single stone it i o
FT73 Elective surgery 10 mm CBD 180 mins 6 days 412
No symptoms Large stone
lective s 5 i
F79 E ec‘uve surgc?ry 15 mm CBD [20he 4 dioh Supe.rhual. 412
No symptoms Large stone wound infection
M 51 Urgcqt admision 10 mm CBD 190 mins 3 days 312
Jaundice Large stone i
M 82 Urgent a_d‘mlssmn 15 mm CBD 180 mins T 12
Cholangitis Stones
Table |

springloaded clip (Allport®) to drain the duct. This has
enabled both a vent for CBD drainage and provides an
opportunity for cholangiography. A closed suction drain is
placed to the gallbladder bed and subhepatic space.

Discharge is planned for Day 2 post surgery, with the
biliary catheter on free drainage. The closed suction drain is
removed if no evidence of bile leak has occurred. The
ureteric catheter is removed at one week where, as an
outpatient, the patient has a cholangiogram and, if clear, the
catheter is removed under fluoroscopy to ensure no
displacement of the springloaded clip.

] RESULTS

Most patients in this series are elderly, only 3 of the 11
patients being under the age of 60 years. In 7 patients, one
could predict the presence of CBD stones on the basis of

71

symptoms or on ultrasound findings of a dilated duct.
Stones were found in the CBD by the policy of routine
cholangiography, without clinical indicators (see table I).
The median operative time was 160 minutes (90-240 mins
range) and median length of stay of 3 post op days (2-6)
days.

The single death in the series occurred in an 84 year old
woman who was admitted from the Emergency Department
with gallstone pancreatitis. She had a significant past
history of ischemic heart disease. When the amylase had
returned to normal the cholecystectomy and choledo-
chotomy was performed taking 160 mins and with no
apparent surgical problem. Post operatively she became

Dfthicon Endo-Surgery
@ Sherwood-Davis&Geck
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confused and required ongoing intravenous therapy and
intensive nursing care. She regurgitated copiously on Day 4
and suffered a respiratory and subsequent cardiac arrest.
Post mortem examination confirmed a large volume
pulmonary aspiration and coronary vessel occlusion. The
choledochotomy was intact and there was no bile collection.
A possible pulmonary embolism occurred in the 79 year
old woman with longstanding steroid dependent chronic
airways disease. She was readmitted one month post
operatively with respiratory distress. Nuclear medicine scan
indicated an intermediate probability of pulmonary
embolism and duplex scan of both lower limbs revealed no
evidence of deep vein thrombosis. She was electively
anticoagulated and made a satisfactory recovery.

“1 DISCUSSION

Laparoscopic primary duct closure is not routine in
clinical practice. There are a number of reasons for this.
T-tubes have had a long history based upon the principle of
decompressing the bile duct to avoid postoperative leakage
after choledochotomy. It has had the added benefit of
enabling ready access to the CBD for cholangiography and,
if required access for retrieval of retained stones. However,
it is well established that T-tubes are readily colonised and
contribute to a higher rate of post operative bacteraemia
than in studies of primary closure [8]. In these studies,
overall morbidity rates are increased in those patients who
have had a T-tube placed [7, 8]. In our own series, T-tubes
have been associated with a significant risk of post
operative cholangitis as well as implicated in bile leaks,
biliary stricture and unexplained post operative sepsis [10].
No patient in this series had a post operative complication
related to bile stasis, extravasation or sepsis. While the
numbers are small, the absence of retained stones is
encouraging and we consider is not in itself a reason to
prophylactically use T-tubes.

The length of operating time and hospital stay are
important issues in discussing the advantages and
disadvantages of minimally invasive surgery. The increased
operating time in performing laparoscopic choledochotomy
can be explained by a number of technical factors. Precise
dissection to expose a satisfactory segment of CBD is
mandatory and the operating field is complicated by the
addition of flexible choledochoscopy. Resuture of the duct
is technically demanding. The median operating time of 160
minutes is similar to other series [9, 11, 12]. The median
length of stay of 3 days compares favourably with other
series [9, 11, 12, 13]. It represents a significant improvement
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in the choledochotomy and T-tube group of our first 50
whose average length of stay was 7 days and, clearly, is an
improvement from the figures in the open exploration series
[2, 4, 5,6, 10].

The 84 year old woman who died following pancreatitis
had associated co-morbidities that made her a significant
operative risk, but because of good performance score was
selected for surgery. Despite being managed in a high
dependency suite she aspirated with ensuing hypoxia and
cardiac arrest. We do not feel that her death was directly
related to the new technique of laparoscopic exploration but
rather to the use of surgery for her condition. Perhaps ERCP
alone may have been less morbid.

This report details our early experience with an evolving
technique of management of choledocholithiasis. We have
been very encouraged with these results and feel that
primary closure after choledochotomy is not only feasible,

it may well be preferable to using the traditional technique m,

of T-tube drainage. As in other reports, we support the
principle of multi-institutional randomised trials to
determine the optimal method of management of CBD
calculus.

TJ CONCLUSION

While this report is preliminary and the number of
procedures small, it is evident that satisfactory closure of
the bile duct can be obtained.

Repatriation General Hosptial - Dpt of Surgery
Concord NSW 2139 Sydney - Australie
Correspondence :
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-P.O. Box 1085
Strathfield NSW 2135
Sydney - Austalie
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SUMMARY

As a further advance in minimally invasive surgery of common bile duct stones, the authors report a small experience of
choledochotomy and primary duct closure. The rational of this approach is to decrease the morbidity of the treatment of
common bile duct calculi, and to avoid the significant complication rates (10%) of endoscopic sphincterotomy. The early results
in 11 patients are reported, the technique outlined and the potential of the procedure discussed.

RESUME
Comme une avancée suppléméntaire dans la chirurgie mini-invasive des voies bilaires, les auteurs rapportent une petite
expérience de la cholédocotomie avec fermeture idéale du canal cholédocien. La raison de cette approche est de diminuer la
morbidité dans le traitement de la lithiase des voies bilaires et d'éviter des taux de complications significatives (10%) de la
sphinctérotomie endoscopique. Les résulats précoces chez 11 patients sont rapportés, les grandes lignes de la tehnique et le
potentiel de la procédure discutés.
Depuis mars 96, 11 patients porteurs de lithiase de la voie biliaire principale ont été traités par cholédocotomie laparoscopique
avec fermeture immédiate de la voie biliaire principale. I s’agissait de 8 femmes et 3 hommes avec un 4ge moyen de 69 ans. La
cholédocotomie ne s’adressait qu’aux cholédoques de diamétre supérieur 2 6 mm. Une sonde urétérale taille 4 était laissée en
place pour le cystique, fixée par un clip All Port. Le malade sortait a J2 avec le drain transcystique qui était enlevé a une
semaine sous contrdle fluoroscopique aprés cholangiographie ; la durée opératoire moyenne a été de 160 minutes (20-240) et le
séjour moyen de 3 jours (2-6). On déplore une suspicion d'embolie pulmonaire, 1 décés chez une défaillance polyviscérale, mais
™ sans anomalie de la zone opératoire et une infection superficielle de paroi. Les auteurs pensent que la fermeture primitive du
cholédoque doit étre préférée au drain de Kerh lorsque cela est possible ; seules des études randomisées multicentriques
permettront de conclure.

MOTS CLES : Celioscopie, Lithiase de la voie biliaire principale, Cholédocotomie, Fermeture cholédocienne idéale.
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Complications of Laparoscopic Fundoplication: The First
100 Patients

W. Munro, M.B.B.S., F.R.A.C.S., R. Brancatisano, M.B.B.S., F.R.A.C.S.,
I. P. Adams, B.Sc., and G. L. Falk, M.B.B.S., F.R.A.C.S.

Summary: Laparoscopic fundoplication is being performed with increasing fre-
quency. The learning curve for the operation is long, and we herein discuss
some of the problems we have experienced with this surgery. We also discuss
changes we have made in our technique as the result of our experiences. Key
Words: Laparoscopic fundoplication—Complications.

Laparoscopic fundoplication is being performed
with increasing frequency (1,2) and the senior au-
thor (G.L.F.) has a relatively large experience with
this procedure. The learning curve for the operation
is long, and we herein communicate some of the
problems we have experienced in the hope that this
will prevent their repetition. We also discuss
changes we have made in our technique as a resuit
of our experience (3).

PATIENTS AND METHODS

From November 1991 to November 1993, the se-
nior author performed laparoscopic fundoplications
in 100 patients. The mean age was 49 years (range,
14-75). Fifty-eight patients were men and 42
women. Indications for surgery were standard: fail-
ure of proton pump inhibitor, drug dependence, or
paraesophageal herniation. Patients all underwent
preoperative endoscopy, biopsy, manometry, and
24-h pH study as minimum investigations. Barium
swallow and biliary ultrasound were performed as
indicated. Laparoscopy was attempted in the first
50 cases. The technique was a short floppy ‘‘Ro-
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setti’’-type fundoplication with full short gastric di-
vision (4). Criteria for inmediate open operations in
the second S0 patients were adhesions, previous
gastric surgery, short esophagus, obesity, and gas-
tric volvulus.

RESULTS

Fundoplication was completed in 89 patients by
laparoscopy. Eleven patients required conversion
at the first operation to completion by laparotomy.

COMPLICATIONS

Wrap migration

The complication of transdiaphragmatic migra-
tion of the fundoplication occurred in seven pa-
tients. Two patterns of presentation emerged: acute
and delayed.

Acute

Two days postoperatively one patient suffered
sudden onset of retching followed by epigastric pain
radiating to the left chest. A barium study was per-
formed which demonstrated gastric volvulus, and
urgent repair was undertaken. The other patient
retched in the recovery ward and developed similar
chest pain 48 h after surgery. Barium study demon-
strated an intrathoracic gastric volvulus and the pa-
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tient was immediately returned to surgery. Postop-
erative recovery was prolonged.

Delayed

Five patients suffered a clinical syndrome of epi-
gastric pain, early satiety, dysphagia, and nausea
some time after surgery. The clinical symptoms
were strikingly consistent and the pain radiated into
the left chest. Diagnosis was by barium meal in all
patients. The recurrent herniation followed initial
laparoscopic repair, and reoperation was performed
by laparoscopy in two patients and laparotomy in
three. Four patients in this group had a history of
vigorous retching in the recovery ward and had not
been managed postoperatively with nasogastric
tube section. Four patients also had no crural su-
turing performed as the hiatus had been judged
small.

Dysphagia

The short gastric arteries were not generously di-
vided in the first 15 patients, and five patients in this
group suffered significant dysphagia requiring dila-
tation. Following dilatation, four patients had a
good result, and one underwent reoperation and
conversion to a partial wrap. This patient had dys-
phagia and a motility disorder that was misinter-
preted on preoperative manometry; subsequently,
the patient was found to have an amotile esophagus.
In recognition of these results, the technique was
modified to include generous division of the short
gastric vessels and the posterior gastric vessels and
short floppy fundoplication. Since then, no signifi-
cant dysphagia has been encountered.

Visceral laceration

Visceral laceration occurred in two patients. The
first case was early in the experience during a dif-
ficult dissection of a paraesophageal hernial sac.
The anterior esophagus was punctured with a S-mm
grasper. Laparotomy and repair were performed.

A second patient suffered a perforation of the
gastric fundus due to handling with graspers. This
was recognized at the time and managed by imme-
diate closure with an endoscopic linear stapling de-
vice. This second case was related to inexperience
and use of a small grasper on the stomach. Subse-
quently, a softer bowel-handling instrument has
been used to retract the stomach (Stortz-Dorsey
clamp).

Conversion to laparotomy
Laparotomy was performed in 11 patients in this
series after laparoscopic fundoplication was begun.
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Paraesophageal herniation, obesity, and previous
upper abdominal surgery led to failure of the lapa-
roscopic technique (Table 1).

Pulmonary embolism occurred in two patients
who underwent conversion to laparotomy despite
use of subcutaneous heparin, T.E.D. antiembolism
(Kendan) stockings, and sequential compression
devices. Wound dehiscence (n = 11), wound infec-
tion (n = 3), and spinal osteomyelitis secondary to
an infected i.v. cannula site also occurred following
conversion to laparotomy. Patients undergoing con-
version after failed laparoscopy had a major com-
plication rate of 6 of 11 (>50%).

The rate of conversion fell considerably as expe-
rience increased. After 50 cases had been per-
formed, patients were preselected for open or lap-
aroscopic fundoplication and the conversion rate
decreased further (Table 1).

Complication rate

The rate of complications fell with experience,
and a satisfactory level was only achieved after 50
cases (Table 2).

DISCUSSION

We have identified several technical problems as-
sociated particularly with laparoscopy for fundopli-
cation. Laparoscopic judgment of the size of the
hiatus is not possible unless the hiatus is calibrated
with a bougie. We believe hiatal closure is manda-
tory to prevent migration. However, it must not be
closed too firmly or dysphagia will result. We be-
lieve that leaving the hiatus unsutured contributed
to wrap migration in four patients and to one epi-
sode of gastric volvulus in our series. Retching in
the early postoperative period may predispose to
failure of the procedure. Recurrent herniation did
not develop in the large hiatal defects associated
with paraesophageal herniation following suture ap-
proximation of the posterior crura.

Acute gastric volvulus after surgery was the most

TABLE 1. Causes of conversion to laparotomy in
laparoscopic fundoplication

Pathology No. of events Case no.
Paraesophageal hernia 1,5,7, 11,29, 46
Adhesions 1,9,29
Obesity 24,71

28
7
3

Hypertrophy left lobe
Instrumental visceral injury
Short esophagus
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COMPLICATIONS OF LAPAROSCOPIC FUNDOPLICATION

TABLE 2. Effect of experience on complication rates

Case no.

1-10 4
11-20
21-30
3140
41-50
51-60
61-70
71-80
81-90
91-100

Immediate complications Late complications

SOOI = O WD -
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dangerous complication encountered. The two pa-
tients both had violent retching in the recovery
room without a nasogastric tube in place, and in
retrospect we believe that volvulus in the chest oc-
curred at that time. Diagnosis was difficult in the
early postoperative period; volvulus was associated
with a left pleural rub, left subcostal and back pain,
and the inability to take fluids. Chest radiograph did
not show an abnormality until day 3 in each case.
Barium swallow is the best diagnostic investigation,
and early diagnosis depends on clinical suspicion in
the postoperative patient. Unexplained, severe,
left-sided chest pain points to recurrent herniation
and gastric volvulus. Hiatal closure and wrap fixa-
tion to the diaphragm and placement of a nasogas-
tric tube for 24 h appeared to eradicate this compli-
cation in the later part of the series.

Other series recognizing the complication of vol-
vulus have recommended similar technical proce-
dures to prevent such occurrences (4,5). We now
routinely administer ondansetron as an antiemetic
intraoperatively and avoid narcotics in almost all
patients. It is possible that some late recurrences in
the era of open fundoplication actually occurred
early by the mechanism of postoperative retching
but were disguised by perioperative narcotic admin-
istration.

The early patients in our series had more dyspha-
gia and bloat than the later group; in the later group,
a more generous fundal mobilization was under-
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taken and tension on the wrap was reduced. With
adequate mobilization the wrap lies behind the
esophagus with no need to maintain the position by
traction with forceps. Satisfactory postsurgical
symptomatic outcome is achieved by adherence to
the principles of short floppy fundoplication (6,7).

CONCLUSIONS

Our best results in terms of complications, con-
version rates, and symptomatic outcome occurred
in the second 50 cases. In these cases, we focused
on calibration and suture of the hiatus in all pa-
tients; fashioning a short floppy fundoplication by
short gastric division; control of postoperative
retching by ondansetron and avoidance of narcot-
ics; and selection of appropriate cases for laparo-
scopic repair. There is a considerable learning
curve, and the best results will be obtained by sur-
geons with special interest and extensive experi-
ence in laparoscopic fundoplication.

Acknowledgment: To my long-suffering secretaries,
Barbara and Sue, my eternal gratitude.
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Laparoscopically assisted massive splenectomy

A preliminary report of the technique of early hilar devascularization

I. A. Nicholson, G. L. Falk, S. C. Mulligan
Department of Surgery and Haematology, Repatriation General Hospital, Hospital Road Concord, Sydney, New South Wales, 2137 Australia

Received: 27 December 1996/Accepted: 19 February 1997

Abstract. Laparoscopic splenectomy has been safely perTechnique
formed for small spleens, but technical limitations have pre-

vented massive splenectomy. We describe a technique éﬁoulder. The table is rolled approximately 30°. Ports are placed as di

early hilar devascularization to enable massive splenectomyayed in Fig. 1. Three 10-mm ports and one 5-mm port are used to alloy
in three patients over the age of 80 years. Massive spleneeepositioning of the camera for visualization of the hilum (port 1) and also
tomy was performed with minimal blood loss and minor the lower pole (port 3). Division of short gastric vessels is performed first

i f R with endoclips to expose the splenic hilum (Fig. 2). The greater curve cal
mOJbld.lty' !ﬁarly :)alpaII:IOSCOf[)IC Controll Off thhe spler_uc artlerythen be retracted to the right. The splenic flexure of the colon is ther
and vein will enable the sate removal of the massive sp €€Mnobilized to give access to the lower pole of the spleen. The hilum of the

without major laparotomy. Morbidity of splenectomy may spleen is then displayed by moving the camera to port 1, and the splen

be reduced by laparoscopy. artery and vein are isolated over a 2-3-cm segment to give proximal contre
of the splenic artery before division with an endostapler (Fig. 3). A platelet
transfusion is given now if necessary.

. : : _ Theartery and vein are divided using a vascular stapler and then sutu
Key words: Massive splenectomy — Early hilar devascu ligated, keeping a laparoscopic clamp initially on splenic artery inflow in

larization — Spleen case of stapler misfire. Dissection is then completed by separating th
hilum of the spleen from the tail of the pancreas under excellent vision
Division of the lienorenal ligament is the last maneuver. This is com-
menced inferiorly and a fan retractor is used to elevate the spleen. Th
telescope is placed in an inferior port to facilitate vision.

The spleen may be placed in a bag and removed piecemeal or &
Splenectomy in the case of massive splenic enlargement h&gnoved whole after a minimal iliac-fossa-type incision in the lower ab-
been an operation with a reported operative mortality offomen. dependent upon histopathological requirements.

20% and morbidity of 39% [1]—most apparent in the el-

derly population. Complications are hemorrhage, infectiongegyits

and respiratory [1, 4, 5, 7]. The incision is of larger mag- ) )
nitude than that for open cholecystectomy, so laparoscopi¢he three patients underwent successful laparoscopic a
splenectomy may offer many of the same advantages asisted massive splenectomy with minimal blood loss. Trans
laparoscopic cholecystectomy, including decreased respirdusion of 1 unit packed cells required for Hb < eight in one
tory complication and infection. patient with pre-op anemia. There were no complications

There have been multiple reports demonstrating the fealhere was no mortality. Length of stay varied between 4
sibility of laparoscopic splenectomy, predominantly in pa-and 7 days.
tients with normal-sized spleens [2, 3, 8, 9].

We report a technique used in three patients who Ungy; :

- b iscussion

derwent removal of massively enlarged spleens assisted by

laparoscopy (Table 1). Open splenectomy in patients with hematological disorder
had a high morbidity and mortality [1] and would be con-
sidered by most to be significantly higher in a group of
patients greater than 80 years. A significant proportion, 259
of postop complications, can be attributable to respiraton
compromise and wound infections [5, 7]. This preliminary

Correspondence toG. L. Falk, Post Office Box 1085, Strathfield NSw €Xperience is encouraging in a group of patients most likel

2135, Australia to develop respiratory complications from open surgery.

e patient is positioned with a sandbag under the left pelvis and lef
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Fig. 1. Port placement for laparoscopic splenectomy.
Fig. 2. Division of short gastric vessels to expose splenic artery and vein.

Fig. 3. Division of splenic artery (followed by splenic vein).

Table 1. Patient data Table 2. Outcome data
Patient Age Indication Diagnosis  Other illndss Operation Blood Days Hospital Spleen

Patient time loss bed stay wt. Histology
1 81F  Thrombocytopenia NHL
2 80M  Thrombocytopenia NHL IHD, CAL, Anemia Monocytoid
3 80F  Refractory CLL CLL IHD, SpDXRT 1 190 min 20ml 1 4 1,500g BNHL

Follicular

2SpDXRT, Splenic radiotherapy; NHL, non-Hodgkins lymphoma; CCL, 2 170 min ~ 200ml 1 4 835g NHL
chronic lymphatic leukemia; IHD, ischemic heart disease; CAL, chronic3 200 min  400ml 3 7 1,9809g CLL
airway limitation. All of these patients had been considered marginal for
laparotomy and splenectomy BNHL, B cell non-Hodgkins lymphoma

The technique we describe is different than that de-our experience with laparoscopic cholecystectomy. It i
scribed for idiopathic thrombocytopenic purpura (ITP) likely that the absence of an upper abdominal wound and n
spleens [2, 3, 6, 8, 9] where splenic mobilization has beemetraction on the lower rib cage plus the early mobilization
performed first. Early isolation of the major blood supply of the patient with minimal analgesic requirements is
allowed removal of massively enlarged spleens with mini-largely responsible for this outcome.
mal blood loss, average 200 ml, and exposure of the major The laparoscopic assisted technique described allowe
vessels was not technically challenging. The use of preopfor early recovery and minimal hospital stay (an average o
erative splenic embolization has been reported but does nétdays) in an unfit elderly group of patients.
appear necessary if splenic blood supply is controlled early [2].

The technique also allows for full histology of the sPleen'ConcIusion
which can be divided in a bag or removed en bloc through a
muscle-splitting incision in the left lower abdomen. This preliminary experience indicates that laparoscopic as

No respiratory complications were seen, which parallelssisted surgery for massive spleens may be a well tolerate
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alternative to open splenectomy for elderly and high-risk2. Gigot JF, Healy ML, Ferrant A (1994) Laparoscopic splenectomy for
patients. The procedure has not entailed major blood loss as diopathic thrombocytopenic purpura. Fr J Surg 81: 1171-1172
yet and provided ample material for histological evaluation3- Hashizume M, Sugimachi K, Kitano S (1994) Laparoscopic splenec

and diagnosis. This technique may have the advantage o
rapid recovery, minimal hospital stay, and a significant re-*

duction in morbidity and mortality.
We believe the technique of early hilar devasculariza:

tion is the key to safe bloodless dissection of the massive
6.

spleen. This early experience is encouraging.

Acknowledgmenthe authors wish to thank Mr. Troy Bailey for provision 7.

of the line drawings.
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Hiatus cesophagien

FUNDOPLICATURE LAPAROSCOPIQUE
A propos d'une expérience personnelle : 88 cas

R. Brancatisano, G.L. Falk

Sidney - Australie

a chirurgie laparoscopique a rapidement évolué depuis que Philippe Mouret a décrit la premiére cholécystectomie
laparoscopique en 1985 (1) et est maintenant entrée dans la pratique chirurgicale quotidienne. Plusieurs études ont
montré la diminution de la morbidité et de la durée d'hospitalisation du fait de la chirurgie laparoscopique (2, 3,4). La
chirurgie laparoscopique antireflux pour les patients présentant wn reflux gastro-eesophagien est en plein essor.
En 1991 Dallemagne présentait une premiére série de fundoplicatures laparoscopiques (5). En ce qui nous concerne, nous
avons précédemment rapporté notre technique de fundoplicature laparoscopique et nos résultats préliminaires (6). Ces
résultats mettaient en évidence le fait que ces bénéfices de la chirurgie laparoscopique, a savoir la réduction du séjour
hospitalier, celle des douleurs postopératoires et le retour plus rapide a une activité normale, pouvaient étre obtenus dans ce

groupe de patients.

Nous décrivons ici la série personnelle de 'autenr principal (G.L.F.) qui comprend 88 patients opérés de facon consécutive par
Sundoplicature laparoscopique pour reflux gastro-wsophagien.

71 PATIENTS ET METHODE

Une étude prospective des patients successifs soumis a
une fundoplicature laparoscopique a ¢té entreprise 2 partir
de 1992, lorsque fut réalisé le premier cas. Toutes les
données ont été mises sur fiche pour pouvoir étre incluses
dans un programme informatique.

Tous les patients ont eu une endoscopie préopératoire
par le chirurgien qui réalisa l'intervention. Le score de
I';esophagite a été évalué du grade I au grade 1V. Des
biopsies multiples ont été réalisées en cas de suspicion
d'eesophage de Barret.

On ne pratiqua une PH métrie de 24 heures que dans les
cas ou le diagnostic était incertain ; tous les patients ont eu
une manométrie esophagienne.

Les 50 premiers patients ont tous été 1'objet d'une
tentative laparoscopique. Aprés l'expérience de ces
50 premiers cas, les patients suivants étaient sélectionnés
soit pour la technique traditionnelle, soit pour une
procédure laparoscopique selon le statut préopératoire.

Une étude détaillée des symptomes présentés par les
30 premiers patients opérés était effectuée par un médecin
résidant qui n'avait pas participé a leur thérapeutique.

Vingt patients ont eu une endoscopie de controle
postopératoire.

63

~] TECHNIQUE

Notre technique initiale a ét¢ décrite précédemment (6).

Nous pensons que les principes les plus importants pour
obtenir un excellent résultat sont :

- une réalisation laparoscopique identique 2
I'intervention par laparotomie,

10 mm

Fig N° | Voies d'abord
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- une libération adéquate des vaisseaux courts de
I'estomac,

- une fermeture de |" hiatus,

- le calibrage de la valve par une bougie de 50-60 French

Le patient est installé sur des jambieres et la table
d'opération est mise en proclive. Les trocarts sont placés
comme il estindiqué sur la figure |

L'essentiel de la dissection est effectué par
I'intermédiaire des deux trocarts sous-costaux T2 et T4.

L'écartement du foie (T1), I'endoscope (T3), la
dissection des vaisseaux courts est facilitée par I'utilisation
des trocarts T2 et T3 pour les instruments de dissection
utilisés par le chirurgien et par le télescope introduit par le
trocart.

Résultats

La fundoplicature laparoscopique a été entreprise chez
88 patients ; I'dage moyen était de 50 ans, avec des extrémes
de 18 et 75 ans : il y avait dans la série 51 hommes et
37 femmes.

Indications chirurgicales

Les indications pour cette fundoplicature laparoscopique
étaient un reflux gastro-cesophagien résistant au traitement
médical chez 66 patients, des phénomenes de régurgitation
pulmonaire chez 8 patients, une sténose wsophagienne chez
5 patients et une hernie para-ccsophagienne dans 11 cas.

COURBE D'APPRENTISSAGE ET TAUX DE CONVERSION

Nombre de cas Nombre de conversions

0-10
10 -20
20-30
30-40
40 - 50
50-60
60 - 70
70 - 80
80 - 88

—C 0O — — W — &

Tableau N° 2

CONVERSIONS EN LAPAROTOMIE N = 11
Cause Nombre
Hernie para-cesophagienne 6
Brachy-asophage 1
Adhérences postopératoires 3
Antécédents de vagotomie HS |
Obésité 2
Hypertrophie du lobe hépatique gauche 1
Perforation aso-gastrique 1

Tableau N° |
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Conversion de la fundoplicature en laparotomie

La chirurgie laparoscopique était tentée chez 88 patients.
La conversion fut nécessaire dans 11 cas (Tableau 1). La
majorité (8 patients) des conversions est survenue au cours
des 30 premicres interventions réalisées par laparoscopie.

Suites postopératoires précoces

La durée moyenne d'intervention a ¢été de 150 minutes
(extrémes de 60 a 240 minutes) et la durée moyenne de
séjour hospitalier postopératoire de 48 heures (extrémes :
44 heures, 24 jours).

Nous n'avons pas utilisé de sonde naso-gastrique au
cours des 50 premiers cas. Cependant, apres avoir revu les
premiers patients opérés, nous laissons en place
systématiquement une sonde naso-gastrique pour les

24 premiéres heures postopératoires. Nous donnons ensuite/™

aux patients des liquides, par petites quantités augmentant
progressivement, cela de la 24°™ a la 48"™ heure et les
patients quittent le service 48 heures apres l'intervention,
avec un régime liquide, mais sans restrictions.

Complications peropératoires

* Une plaie viscérale est survenue chez 2 patients :

- un patient avec une hernie para-aesophagienne a été
I'objet d'une plaie punctiforme de I'esophage pendant
I'ablation du sac herniaire. Cette plaie a été suturée par
chirurgie ouverte.

- une plaie du fundus gastrigue se produisit au cours de
la libération des vaisseaux courts chez un autre patient.
Cette réparation du fundus a été réalisée a l'aide d'une
agrafeuse endoscopique. Nous pensons que la perforation a
été causée par l'utilisation d'instruments trop fins et agressifs
et nous utilisons maintenant de fagon routiniére des clamps
intestinaux congus pour une préhension atraumatique
(clamp laparoscopique "Dorsey”, Stortz Co).

* Un pneumothorax est survenu chez deux patients :
chaque fois une breche avait été faite dans la plevre gauche
par la pince venant derriere I'cesophage et passant de droite
& gauche (Fig N° 2). Les deux cas furent traités par drainage
pleural, ce qui ne retarda pas leur sortie.

e L'emphyséme médiastinal était présent chez 50 % des
patients, a un degré variable, et jusque 1a n'a pas posé de
problémes. Nous ne pensons pas que l'emphyséme
médiastinal puisse étre a l'origine d'un pneumothorax.

o Un infarctus mineur de la rate a été observé au pole
supéricur de celle-ci chez 5 patients. cela dans le contexte
d'adhérences serrées entre I'estomac et la rate. L'infarctus est
évident en cours d'intervention et se traduit dans les suites
par une vidange gastrique retardée, une douleur scapulaire
gauche et une sensibilité de I'hypocondre gauche. La
splénectomie n'a été nécessaire chez aucun de ces patients.
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Complications Nombre N° cas
5 de patients o '

Saignement sur site de trocart 1 29
Infarctus du pole supérieur de la rate 5 37,58,67,72,74
Plaie viscérale 2 7,39
Pneumothorax 2 5,20

Tableau N® 3

La durée d'hospitalisation a été prolongée jusqu'au 7™
ou 10°™ jour postopératoire pour pouvoir effectuer une
analgésie et une alimentation parentérale. Nous pensons
que ces infarctus ont pour cause la ligature de la branche
verticale d'une artere en forme de T qui participe a la
vascularisation 2 la fois de I'estomac et du pdle supérieur de
la rate, et que cet accident devrait €tre évité par une

- .
lissection restant au contact de l'estomac.

Fig N° 2 Cause du pneumothorax

~, Complications postopératoires précoces

Un volvulus gastrigue aigu survint aprés de violents
efforts de vomissements postopératoires en salle de réveil
chez 2 patients. Ces 2 patients durent subir une chirurgie
ouverte pour réduire la hernie. Aucun des deux n'avait de
sonde naso-gastrique en postopératoire précoce (Tableau 4).

COMPLICATIONS POSTOPERATOIRES
IMMEDIATES
Embolie pulmonaire 2
Hernie sur site de trocart ]
Infection de paroi Sl
Atélectasie basale T bbb
Crise asthmatique 1
Volvulus gastrique 2
Hémorragie ulcéreuse duodénale 1
(Toradol)
L._ * nombre de conversions en Iap.:n'ur_omis’

Tableau N© 4
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Complications tardives

Nous avons observé une ascension tardive de la valve
chez 5 patients ; tous avaient présenté des efforts de
régurgitation violents dans la période postopératoire
précoce. Un tableau clinique fait de douleurs épigastriques
et de I'hypocondre gauche, satiété précoce, dysphagie et
nausées, est hautement évocateur d'étranglement de la
fundoplicature dans I'hiatus. Le diagnostic put étre réalisé
par un transit baryté dans tous les cas.

Deux patients ont été repris par laparoscopie et trois par
laparotomie (Tableau 5).

COMPLICATIONS TARDIVES

Eventration postopératoire I *
Ascension de la valve 5
Dysphagie persistante ‘ 2

*aparotomie de conversion

Tableau N° 5

Réinterventions

Neuf patients nécessitérent une réintervention apres
fundoplicature laparoscopique. Les causes de ces
réinterventions sont présentées dans le tableau 6.
L'ascension de la valve en fut la premiére cause.

REINTERVENTION
APRES FUNDOPLICATURE LAPAROSCOPIQUE

| Nombre de patients N° des cas
Volvulus gastrique 2 25,42
Ascencion de la valve 5 18, 40, 31, 64, 73
Dysphagie persistante 2 4.13
Hémorragie ulcéreuse 1 68
Total 10

Tableau N° 6

Résultats fonctionnels

Nous avons pu effectuer une appréciation clinique
détaillée des 88 premiers patients. Trois des patients ne
purent étre contactés pour cette étude. La période de suivi
s'étend de 4 a 52 semaines, avec une moyenne de
28 semaines.

Le controle de la symptomatologie de reflux a été
obtenu chez 88 patients.

La dysphagie a été un probleme majeur dans 2 cas et
transitoire dans 8. Ces 8 cas de dysphagie transitoire
correspondaient & des patients opérés au début de la série,
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quand une libération minimale des vaisseaux courts était
réalisée. Des dilatations endoscopiques furent réalisées chez
ces 8 patients avec un trés bon résultat (tableau 7). La
dysphagie a persisté dans 2 cas et ces 2 patients ont dii subir
une réintervention avec, comme résultat, une amélioration
particlle de leurs symptémes. Un patient présente une
dysphagie persistante, liée a des troubles moteurs de
I'eesophage.

Un contréle endoscopique a été effectué chez
20 patients. Il n'y avait pas de cas de récidive de
I'eesophagite.

Tableau N* 7

7] DISCUSSION

Un reflux gastro-cesophagien sévere est une maladie de
toute une vie. Une rechute des symptomes et de
l'cesophagite est inévitable aprés arrét du traitement médical
(7). La chirurgie antireflux conventionnelle ouverte était
jusqu'a ce jour la seule possibilité de traitement définitif et il
avait été démontré qu'elle était supérieure au traitement
médical avec les anti HZ dans la seule étude randomisée
importante réalisée (8).

Depuis peu est apparue la fundoplicature
laparoscopique ; elle offre aux patients la possibilité d'un
controle du reflux i long terme avec une morbidité minime.
Le taux de conversions que nous présentons dans notre série
est le reflet d'un taux de complications peropératoires
difficilement acceptable. A l'origine de ces conversions, on
peut retenir 2 facteurs : d'une part 'expérience chirurgicale
en procédures laparoscopiques, d'autre part les facteurs
propres aux patients.

Au début de notre expérience, les hernies para-
@sophagiennes ont nécessité des conversions mais,
actuellement, nous réalisons de facon réguli¢re, sans
incident, des fundoplicatures laparoscopiques pour les
hernies para-cesophagiennes .

Nous réfutons actuellement d'autres patients pour la
fundoplicature laparoscopique, en particulier ceux qui ont
des antécédents de chirurgie gastrique, de chirurgie hiatale
ou un brachy-eesophage.
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RESULTATS FONCTIONNELS

Contréle de la symptomatologie de reflux 26 (96.6%)
Gas bloat transitoire 5
Possibilité d'éructation 19
Dysphagie persistante
Dysphagie transitoire 8
Confort digestif :

- 100 % 24

- 80 % I
Echec 2 [
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Une approche sélective au cours des 38 derniers cas
opérés a permis d'obtenir une diminution trés importante du
taux de complications peropératoires (Tableau 2).

L'ascension postopératoire de la valve de fundoplication,
soit qu'elle vienne se coincer dans l'hiatus, soit qu'elle soit a
l'origine d'un volvulus gastrique, a été un probleme. Chez
5 des 7 patients présentant cette complication, celle-ci était
associée a des efforts de régurgitation importants,
habituellement en salle de réveil, ce qui est & l'origine d'une
ascension de la fundoplicature dans le thorax, au travers
d'un hiatus insuffisamment fermé. Il est bien admis
actuellement que l'appréciation de la taille de I'hiatus en
cours de laparoscopie est difficile, et nous effectuons
systématiquement la suture de ce hiatus sur une bougie.

On peut ajouter a cela que le fait de n'avoir pas utilisé de
facon systématique une sonde naso-gastrique au cours des

premieres heures postopératoires, dans les 50 premiers cas, mm,

a pu contribuer a ce probléme. Ainsi, depuis que nous
effectuons de fagon systématique un calibrage et une suture
de I'hiatus et que nous plagons une sonde naso-gastrique
durant les 24 premiéres heures postopératoires, nous
n'avons plus rencontré ce type de probleme.

En chirurgie ouverte, il a été démontré que c'étaient les
valves assez courtes et peu serrées qui donnaient le moins
d'inconvénients postopératoires de type dysphagie ou gas-
bloat (9, 10).

Une opération telle que celle-la ne peut étre effectuée
qu'avec une libération assez étendue des vaisseaux courts de
I'estomac. Cette libération des vaisseaux courts par voie
laparoscopique représente la partie la plus difficile de
I'intervention. Au début de notre expérience, nous ne
réalisions qu'une libération insuffisante des vaisseaux
courts, (ce qui fut le cas chez 15 patients). Cela fut a
I'origine d'une dysphagie assez sévere et prolongée,
nécessitant des dilatations endoscopiques chez 8 de ces

15 patients. Ce probleme a pratiquement disparu lorsque e,

nous avons fait régulierement ensuite une libération plus
¢tendue des vaisseaux courts.

“] CONCLUSION

Le controle du reflux obtenu par fundoplicature
laparoscopique est excellent.

La période d'apprentissage pour la procédure
laparoscopique fut longue et pénible : les patients qui
nécessitent une intervention chirurgicale pour le reflux ne
sont pas tres nombreux. Les meilleurs résultats dans notre
expérience ont é1¢ obtenus apres un temps d'apprentissage
long.

Le bilan préopératoire de ces patients doit ¢tre complet,
incluant une endoscopie et une manométrie chez tous et la
possibilité de réaliser une étude PH métrique sur 24 heures
dans le cas d'incertitude diagnostique.
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Pour obtenir de bons résultats, avec une fundoplicature
laparoscopique, nous recommandons les principes
suivants :

1 - une libération adéquate des vaisseaux courts,

2 - une valve courte et lache,

3 - une fermeture de I'hiatus sur sonde de calibrage,

4 - une fixation de la valve au pilier et au diaphragme,

5 - au minimum 24 heures de sonde naso-gastrique en

Concord Hospital - Department of Surgery
Sidney NSW - Australia

o Correspondance :
postoperatoire, G.L. Falk
6 - un traitement précoce et adapté des nausées et efforts PO Box 1085
de vomissements postopératoires. Strathfield NSW 2135 - Australia

Nous tenons a remercier le Professeur David Gillet

pour son aide a réalisation de ce travail,

nos fidéles secrétaires Barbara et Sue

et les membres de I'équipe chirurgicale de I'Adventist Hospital,
~ Strathfield Hospital et Concord Hospital a Sydney,

ol un énorme développement de mise au point fut établi.

RESUME

Nous examinons les résultats de 88 fundoplicatures par laparoscopie pour hernie hiatale, afin de mettre en évidence la meilleure
technique pour éviter les complications et obtenir le meilleur résultat au niveau symptomatique. Nous conseillons le dissection
des vaisseaux gastriques courts et la fermeture des piliers du diaphragme en arri¢re de I'esophage. La fundoplicature et la
fermeture diaphragmatique doivent étre calibrées grice a une bougie de 56-60 French afin d'assurer une dyspagie minimum.

SUMMARY

We review the results of 88 laparoscopic fundoplications for hiatal herniation with a view to establishing the best technique to

™ avoid complications and best symptomatic outcome. We commend division of the short gastric vessels and crural closure
posteriorly. The fundoplication and diaphragmatic closure must be "calibrated” with a 56-60 French bougie to ensure minimal
dysphagia.
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TECHNIQUE AND RESULTS OF LAPAROSCOPIC CHOLEDOCHOTOMY FOR
THE MANAGEMENT OF BILE DUCT CALCULI

G. RoBINSON, J. HOLLINSHEAD, G. FALK AND J. MOULTON
Department of Surgery, Concord Hospital, Concord, New South Wales, Australia

Laparoscopic choledochotomy has been performed in 50 patients to remove common bile duct calculi demonstrated on routine
operative cholangiography at the time of laparoscopic cholecystectomy. The patients ranged from 16 to 91 years old. One patient
died, giving a mortality of 2%. At postoperative T-tube cholangiography, retained stones were demonstrated in three patients (6%)
with all stones being removed using a choledochoscope via the T-tube track. Laparoscopic common bile duct exploration via a
choledochotomy is a feasible and effective method to manage common bile duct calculi demonstrated during laparoscopic

cholecystectomy.

Key words: choledocholithiasis, choledochotomy, laparoscopy.

INTRODUCTION

Laparoscopic cholecystectomy is established as the treat-
ment of choice for symptomatic gall-bladder calculi. The
optimal method of management of bile duct calculi in
patients undergoing laparoscopic cholecystectomy remains
controversial. An ERCP and endoscopic extraction follow-
ing sphincterotomy,' laparoscopic exploration techniques®~*
and open bile duct surgery,® as performed prior to the
introduction of laparoscopic cholecystectomy, remain the
treatment options for the management of common bile duct
(CMD) calculi.

Based on the premise that successful laparoscopic pro-
cedures are adaptations of established procedures performed
at open surgery, a technique for bile duct exploration at the
time of laparoscopic cholecystectomy has been developed.
A choledochotomy is performed, the bile duct is explored
using a flexible choledochoscope and a T-tube is sutured
into the CBD in the standard manner using laparoscopic
techniques. Our experience with 50 patients is presented.

METHODS

The operation can be performed readily either from the side
of the patient (American approach) or by standing between
the patient’s legs (French approach). Operating ports are
placed as for laparoscopic cholecystectomy except that a
10 mm instead of a 5 mm port is placed in the right subcostal
position (Fig. 1, Port 3). This can be placed from the outset
if bile duct calculi are suspected. The gall-bladder is retracted
superiorly using a grasping forceps through the right lateral
5 mm port (Fig. 1, Port 2) and the cystic structures dissected
and displayed.

Operative cholangiography is performed on a routine
basis by placing a 3Fr round tip catheter with no side holes
through a small incision in the cystic duct. The catheter is
passed through a long, wide-bore needle in the Toohey
needle configuration (Concord cholangiogram set, William
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A. Cook Australia Pty Ltd, Cat. No. 13911). The catheter is
held in place with a metal clip closed on the cystic duct and
catheter, firm enough to hold the catheter but not obstruct it.
The cholangiogram is performed using an image intensifier
that has the capability to take spot high quality films during
the screening.

When calculi are demonstrated in the bile duct a decision
is made as to the most effective method for removing them.
The options include laparoscopic choiedochotomy, transcys-
tic exploration or exploration of the bile duct at laparotomy.
Our current experience indicates that most patients can be
explored using laparoscopic choledochotomy. The technique
for the procedure will be described in detail.

Exposure was achieved by elevating the liver using the
forceps on the fundus of the gall-bladder. In most cases the
cystic duct was not divided. However, when the cystic duct
limits the exposure of the bile duct, it is divided.

Analogous to open surgery, the duodenum is retracted
inferiorly to expose the bile duct. This is achieved by placing
a fifth port in the left upper quadrant just below the costal
margin in the mid-clavicular line (Fig. 1, Port 5). An atrau-
matic bowel holding forceps or a fan retractor can be passed
through this port to retract the duodenum and proximal
transverse colon inferiorly. Visualization of the CBD can be
further enhanced by the use of an angled (30°) telescope.

Frequently, the CBD can be seen through the loose areola
tissue and is readily dissected. When the overlying tissues
are thickened the CBD is located by dissecting down the
cystic duct to the CBD. It is important at this stage to avoid
dissecting the CBD along its inferoposterior surface.

The dissection is performed using a two-handed technique
similar to that used when displaying the bile duct at open
surgery. A dissecting forceps is passed through Port 3
(Fig. 1) to lift the tissues overlying the bile duct. The
dissection is performed using either diathermy scissors or a
dissecting hook passed through Port 4 (Fig. 1) to display
2-3 cm of bile duct. This allows for a wide choledochotomy
which will facilitate easy access fo the duct and subsequent
placement of a T-tube. Using a two-handed dissection tech-
nique allows division of overlying tissue under tension
and minimizes the risk of bile duct injury.

The choledochotomy can be performed using a specially
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Fig. 1. Part placements.

constructed long-handled scalpel that can be passed through
the midline 10 mm operating port. A Beever blade is fixed
on to the end of the scalpel. Alternative techniques are to
use a thin hook wire dissector with cutting diathermy or fine
sharp pointed endoscissors. Once entry to the duct is ob-
tained the choledochotomy can be readily extended longitu-
dinally as required using sharp endoscissors.

On performing choledochotomy, stones are seen frequently
at the opening or gush out with the bile. Obvious stones can
be removed with fenestrated dissecting forceps and biunt
forceps can be used to ‘milk’ stones both from above and
from below into the choledochotomy for easy extraction.

Retrieval of residual stones can be accomplished using
dormia baskets, stone grasping forceps, balloon catheters
and irrigating catheters passed through a standard choledo-
choscope. The choledochoscope is introduced through either
the right upper quadrant or midline 10mm ports (Fig. 1,
Ports 3 or 4). It is best introduced through the long Storz
5mm reducing sleeve. This provides a stiffener which
controls the flex of the scope in the peritoneal cavity and
facilitates entry of the scope through the choledochotomy.
Damage to the choledochoscope may result from handling it
directly with endoforceps or passing it through a flap valve
port and should be avoided.

Proximal and distal choledochoscopy is performed with
saline irrigation. Excellent views of the bile duct are ob-
tained by placing the saline flask approximately 1 m above
the patient’s abdomen. Video coupling is advantageous but
direct vision is sufficient. Stone clearance of the biliary tree
is confirmed and a T-tube of appropriate size inserted.

The T piece of the T-tube is trimmed in the same way as
when performing open exploration and the exit limb is
shortened to allow for ease of handling. The whole T-tube is
then passed into the abdominal cavity via one of the 10 mm
ports. The exit limb is placed up over the liver and the
T limbs are manoeuvred by use of grasping forceps into the
choledochotomy. The choledochotomy is closed using inter-
rupted 3/0 absorbable sutures which are tied intracorporally.

79

ROBINSON ET AL.

The cystic duct and artery are divided and the gall-bladder
removed. A closed suction drain is placed into the gall-
bladder bed adjacent to the choledochotomy and brought out
through the right lateral port (Fig. 1, Port 2). The T-tube is
brought out through the right upper quadrant port (Fig. 1,
Port 3). It has been our practice to rely on choledochoscopy
to ensure duct clearance, however a completion cholangio-
gram can be performed once the T-tube has been exteriorized.

A T-tube cholangiogram is performed on day 4 following
the operation, without prior clamping of the T-tube. Provid-
ed there is no residual stone, free flow of contrast into the
duodenum and no obvious bile leak, the T-tube is clamped.
If there is no pain or bile leakage after 12-24 h, the drain is
removed and the patient discharged home with the T-tube in
situ. The T-tube is removed on an outpatient basis 2 to 3
weeks postoperatively.

RESULTS

The first laparoscopic choledochotomy and bile duct explo-
ration was performed in December 1991. Since then 52
laparoscopic bile duct explorations have been attempted.
Conversion to open bile duct exploration was required in
two patients, one because an aberrant right hepatic artery
was anterior to the CBD making laparoscopic dissection
hazardous and, in a second patient, gross inflammatory
thickening prevented adequate demonstration of the CBD.

The patients’ age range was 16 to 91 years (mean 56).
There were 29 women and 21 men. A total of 12 patients
had no clinical, biochemical or imaging criteria to suggest
stones would be found in the CBD.

All patients underwent successful proximal and distal
choledochoscopy. There were two negative explorations.
The largest calculus removed measured 14 mm in diameter,
while the greatest number of stones removed from any one
duct was 19. Operating times ranged from 110 to 360 min
(mean 216).

The procedure was undertaken by 11 different surgeons.
Three surgeons have performed more than eight explorations
while the remaining eight surgeons, four of whom were
surgeons-in-training, have performed less than eight each.
Of significance, surgeons-in-training have performed 12
explorations (24%). The more experienced surgeons are now
taking 2'/2 to 3 h for the entire procedure of cholecystectomy
and exploration of the bile duct.

The average postoperative stay has been 7 days (range
4-19). The T-tube was removed at a mean of 20 days
postoperative (range 8—49).

Prolonged drainage from the gall-bladder bed drain oc-
curred in five patients lasting from 2 to 4 days. All settled
without further intervention. One T-tube was removed inad-
vertently on the 8th postoperative day and the patient devel-
oped a significant bile collection necessitating repeat
laparoscopy and lavage of the bile. The laparoscopically
placed drain to the bile duct controlled the leak and his
subsequent recovery was uneventful.

All patients underwent T-tube cholangiography on the 4th
postoperative day. Retained stones were demonstrated in
three patients. The first patient had a 3 mm stone in an intra-
hepatic bile duct which after 5 weeks dropped into the CBD
and was retrieved by percutancous choledochoscopy via the
T-tube tract. The other two patients had single retained
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stones which were also retrieved using the choledochoscope
via the T-tube tract 5 weeks posioperatively.

There were no displaced T-tubes, wound infection oc-
curred in three patients but settled readily with drainage and
dressings by the patient. There were no port site hernias, no
visceral injuries, no deep venous thrombosis (DVT) and no
septic complications. One patient had a pulmonary embolus
and two had mild chest infections.

There was one death, a 91 year old frail, high-risk female
patient who was admitted with an empyema of the gall-
bladder and signs of systemic toxicity which failed to resolve
on conservative treatment. A decision was made to proceed
with laparoscopic cholecystostomy. At operation there was
a pericholecystic abscess in association with a gangrenous
empyema resulting in disintegration of the fundus on
attempting to place the cholecystostomy tube. Further dis-
section with a view to cholecystectomy was then undertaken.
The cystic duct was identified and operative cholangiography
revealed pus coming from the cystic duct and multiple stones
in the CBD. The procedure was then extended to lapa-
roscopic choledochotomy to remove the bile duct calculi
and resolve the sepsis. The patient’s condition was stable
throughout the procedure. Three hours postoperatively, while
still in the recovery ward, the patient developed an irrever-
sible, lethal cardiac arrythmia.

DISCUSSION

The technique of laparoscopic choledochotomy enables the
surgeon to deal with bile duct stones found at the time of
laparoscopic cholecystectomy without having to proceed to
open surgical exploration or having to rely on ERCP sphinc-
terotomy and stone extraction. In order to perform the
procedure surgeons have to develop the additional skills of
laparoscopic suturing and percutaneous choledochoscopy.

Very little additional equipment is required, an important
consideration in this era of ever increasing cost restraints.
The only additional instruments required are needle holders
and either a bowel-holding forceps or a fan retractor to
retract the duodenum. Standard flexible choledochoscopes
used in the pre-laparoscopic era are suitable for extraction
of stones as well as confirmation of ductal clearance. There
is no requirement to purchase small, more fragile laparo-
scopes advocated for attempted clearance of bile duct stones
via the cystic duct.

When compared with the transcystic approach®* to clear
bile duct calculi at laparoscopic cholecystectomy this tech-
nique has the advantages of reliable access to the intra-
hepatic ducts and easy retrieval of large and multiple stones
without the need to purchase further specialized equipment.
Furthermore, the technique is a laparoscopic adaptation of
an established open surgical technique with predictable
complications and outcome.

The mean operating time of 3'2h is prolonged. The
prolonged operating time in part reflects the fact that the
patients reported in this series represent the developmental
phase of the procedure. The incidence of postoperative
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complication normally associated with prolonged anaesthe-
sia such as DVT pulmonary emboli, cardiorespiratory com-
plications and abdominal sepsis are acceptably low. The one
patient who died had prolonged anaesthetic and remained
stable throughout the procedure. Her death was considered
to be more related to her underlying problem of being a frail,
elderly lady with severe sepsis involving the biliary tree
rather than the prolonged anaesthetic.

Patients undergoing laparoscopic bile duct exploration
make a rapid postoperative recovery similar to that seen with
laparoscopic cholecystectomy. Our mean postoperative stay
of 7 days is excessive and does not reflect the potential for
this procedure to reduce the hospital bed stay. This series of
patients represents the developmental phase of the procedure
during which time a cautious conservative approach was
adopted:; an approach we considered not to be unreasonable
as many of our patients were elderly (34% over 70 years).
In the future we envisage removal of the drain and discharg-
ing many of our patients on day 2 postoperatively with the
T-tube on free drainage. A T-tube cholangiogram would
then be performed on days 5 to 7 postoperatively as an
outpatient procedure and provided there is no abnormality
the T-tube would be clamped.

As there is minimal tissue disturbance when compared
with open surgery and the concern that modern Silicone/
latex T-tubes appear to be less reactive than their predeces-
sors we have adopted a practice of delayed T-tube removal
as an outpatient 2 to 3 weeks following surgery. The only
T-tube related problem was a bile collection following the
inadvertent premature removal of a T-tube 8 days postopera-
tive which required re-operation. The T-tube causes minor
patient discomfort and no other untoward problems have
been encountered.

Although the majority of explorations have been per-
formed by the two senior authors, the procedure in our
institution has been taken up by all general surgeons and
approximately one-quarter have been performed by sur-
geons-in-training. Our experience would indicate that, with
appropriate training, surgeons performing laparoscopic bili-
ary surgery on a regular basis can use this technique for the
management of bile duct calculi found at the time of
laparoscopic cholecystectomy.
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THE MANAGEMENT OF PERFORATION OF THE DUODENUM FOLLOWING
ENDOSCOPIC SPHINCTEROTOMY: A PROPOSAL
FOR SELECTIVE THERAPY

P. Y. ScarLETT AND G. L. FALK
Department of Surgery, Concord Hospital, Sydney, New South Wales, Australia

The successful non-surgical management of retroduodenal perforation following endoscopic sphincterotomy is reported and
the literature reviewed. Two patients are described who developed gas in the retroperitoneum following endoscopic
sphincterotomy. One patient developed retroperitoneal emphysema and cervical emphysema, while the second patient
developed retroperitoneal emphysema and a pneumothorax following endoscopic sphincterotomy. Both patients were
treated conservatively and made uneventful recoveries. An algorithm for assessment and treatment is proposed based on the
authors’ experience and a literature review. Patients with confirmed ongoing duodenal leakage, sepsis or collection should

have expeditious surgery.

Key words: duodenal perforation, endoscopic sphincterotomy, therapy.

INTRODUCTION

Retroduodenal perforation of the duodenum is a well
recognized complication of endoscopic sphincterotomy
(ES) occurring in 1.1% of cases (Table 1). Most perfora-
tions occur posteriorly, behind the pancreatic head or
uncinate process.' The risk of perforation increases with
the length of sphincterotomy,’ the presence of a short
intramural segment of distal common bile duct, transam-
pullary extraction of larger gallstones, the use of pre-cut
sphincterotomy, repeated attempts at sphincterotomy,’
and is inversely related to the diameter of the common
bile duct.** The two reported cases represent the
experience of perforation in 280 cases of ES.

Both patients had papillary stenosis and both required
use of the pre-cut sphincterotome. The authors’ experi-
ence in this regard confirmed the report of Sherman et al.
who found that complications were more frequent when
sphincterotomy was performed for sphincter of Oddi
dysfunction.’

There have been widely differing views on the man-
agement of perforation of the duodenum following ES
ranging from conservative treatment “6-% to further endo-
scopic retrograde cholangiopancreatography (ERCP) with
demonstration of the progress of contrast extravasation,’
to the traditional surgical management of all perfora-
tions.>'®'" The place of surgery after initial failure of
conservative therapy is also unclear with most authors
resorting to surgery after patient deterioration or with
the development of complications*'>~'* and others per-
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sisting with non-operative treatment despite clinical
deterioration.

Patients requiring laparotomy for clinical deterioration
as reported in the literature have a mortality rate ap-
proaching 50% (Table 1). This closely parallels the
experience of perforation of the duodenum following
blunt trauma, where delay in operative management is
associated with a marked increase in mortality.'® The

Table 1. Incidence of duodenal perforation in reported endo-
scopic series

No. No. No.

Group patients perforations operations Deaths
Ponchon et al.'® 19 1 1 —
Neoptolemos et al."® 144 0 —
Shemesh et al. 44 0 — —
Hansell et al. 121 3 — —
Ghazia and McSherry’ 40 1 — —
Escourrou ef al.”! 407 6 3 —
Neoptolemos et al.' 190 1 | 1
Cotton and Vallon® 679 5 | 1
Viceconte et al. > 296 0 — —_
Cotton* 134 0 — —
Koch et al."! 267 2 — —
Neuhaus and Safrany* 400 2 — —
Safrany® 243 8 1 —
Vaira et al.* 1 000 5 1 —
Sarr et al." 254 5 4 —
Booth et al.? 56 5 5 1
Leese eral."” 394 3 2 1
Dunham et al.’ 820 8 2 2
Safrany® 3618 40 19 14
Bymes'* 57 2 — —
Geenen et al.* 1250 14 9 2
Martin and Tweedle’” 795 9 — —

11228 120 49 22
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[ ENDOSCOPIC SPHINCTEROTOMY ]
| SUSPECT PERFORATION |
EXCLUDE: FULL BLOOD COUNT AXR - ERECT
PANCREATITIS ELECTROLYRES -SUPINE
CHOLANGITIS LIVER FUNCTION TESTS
HAEMORRHAGE AMYLASE
CONFIRM LEAK /
PERFORATION ORAL CONTRAST X-RAY
+CT.
EXTRAVASATION OF CONTRAST FREE GAS
COLLECTION NO EXTRAVASATION
SEPSIS
SIGNS OF ACUTE ABDOMEN ]
OPERATIVE THERAPY NON-OPERATIVE THERAPY
SALVAGE SURGERY 3
(HIGH MORTALITY) DETERIORATION

Fig. 1, Management algorithm.

Fig. 2. Intraperitoneal and retroperitoneal gas following ERCP
duodenal perforation.

deaths in the reported series of perforation following ES
have occurred where surgical therapy has been delayed.
No criteria for the selection of patients for conservative
or immediate operative treatment have been proposed.
Two case reports are presented of patients having
perforation of the duodenum following ES, who were
treated successfully with conservative therapy, and a

management algorithm is proposed for the selection of
patients for conservative or operative therapy (Fig. 1).

Case 1l

A 54 year old woman was admitted for endoscopic
sphincterotomy for a suspected retained common bile
duct stone, 9 years following cholecystectomy. She had
been experiencing typical biliary pain, but had normal
liver function tests. An ultrasound scan suggested the
presence of a stone at the lower end of the common bile
duct.

An ERCP was performed using an Olympus TJF 20
side viewing duodenoscope. At endoscopic examination
she was found to have a stenotic Ampulla of Vater, which
could not be cannulated with a ball tipped cannula. A
pre-cut sphincterotomy was performed using a Wilson-
Cook needle sphincterotome. The sphincterotomy was
then enlarged using a 12 o’clock sphincterotome and a
cholangiogram revealed no abnormality of the lower end
of the bile duct and a bile duct of 6 mm diameter. Biopsies
of the stenotic papilla were taken to exclude malignancy
and this showed the presence of chronic inflammatory
cells.

The patient complained of epigastric pain with com-
mencement of oral fluids 4 h after the procedure. Physical
examination revealed subcutaneous emphysema of the
neck and mild systemic toxicity. Abdominal chest X-rays
were performed and these showed the presence of exten-
sive intraperitoneal and retroperitoneal gas (Fig. 2). The
patient was fasted, and the nasogastric tube was inserted
and a gastrograffin swallow was performed. This showed
no evidence of leakage of contrast from the oesophagus
or duodenum. The patient was commenced on intra-
venous Ampicillin, gentamycin and Metronidazole and
closely monitored. A computed tomography (CT) scan
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was performed to exclude a collection; this was reported
as normal.

The serum amylase was initially 2365, but fell rapidly
to normal range within 24h. The liver function tests
remained normal. Oral fluids were reintroduced after
06 h, and the patient was subsequently discharged well
on the fifth postoperative day.

Case 2

A 59 year old woman was admitted with recurrent attacks
of severe biliary pain following laparoscopic cholecyst-
ectomy 9 months earlier. The pain was associated with
intermittent elevation of liver function tests: gamma-
glutamy! transferase (GGT) ranged between 136 and 172
(range 11-60) prior to admission. A common bile duct
calculus was suspected. The patient underwent ERCP
using the Olympus TJF 20 duodenoscope using a ball
tipped cannula; the cholangiogram showed a narrow
common bile duct and intrahepatic ducts with no evi-
dence of calculus. Following recurrent episodes of pain
and multiple readmissions to hospital the patient was
electively readmitted for endoscopic sphincterotomy.

A standard sphincterotome could not be introduced
into the papilla of Vater. A pre-cut sphincterotomy was
performed, using a Wilson-Cook needle sphincterotome.
The patient was returned to the ward where she
complained of severe epigastric pain in the immediate
postoperative period. Abdominal X-ray showed pneumo-
peritoneum and retroperitoneal gas. There was a 50%
right pneumothorax on chest X-ray. Serum amylase was
497 (10-220), gamma glutamy! transferase (GGT):298
(11-60), aspartate amino transferase (AST):82 (14-50)
and analine amino transferase (ALT):67 (11-60). The
patient was fasted, a pleural drainage tube was inserted
and intravenous Ampicillin, gentamycin and Metronida-
zole administered.

There was no evidence of continued duodenal leak on
gastrograffin contrast examination. The liver function
tests returned to a normal range over 48h, apart from
GGT which remained at three times the upper limit of
normal.

The patient recovered rapidly and was discharged 5
days later. At her last review, 3 months following the
procedure, she had occasional mild epigastric discomfort
with considerable improvement on her pre-sphincterotomy
symptoms.

DISCUSSION

The treatment of patients with suspected perforation of
the duodenum following ERCP + ES presents a dilemma
for the treating physician. It appears that the majority of
ES-related perforations can be treated conservatively with
intravenous fluids, parenteral nutrition and antibiotics®'2"
but the selection of patients for early surgery is not clear.
There have been no deaths reported where patients have
been treated conservatively, provided there has been no
requirement for salvage surgery. If surgical treatment is
ultimately required, the resultant mortality is high.?

It would appear, from the massed data, that the most
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important step is to identify those patients who require
surgery early, in order to avoid inappropriate conserva-
tive therapy. The key to early identification of patients
requiring surgery is suspicion, on the part of the treating
physician, of the possibility of a perforation having
occurred in any patient who complains of abdominal pain
following ERCP + ES or in patients who have had a
difficult ERCP + ES; particularly those who have re-
quired a pre-cut sphincterotomy. As shown by Sarr ef al.
the presence of pain following ERCP may be due to a
number of possible causes including pancreatitis, cholan-
gitis and perforation.'? Patients who experience severe
abdominal pain in the immediate post ES period accom-
panied by haemodynamic instability should be submitted
for prompt investigation. All patients with suspected
duodenal perforation should be fasted with nasogastric
tube and intravenous fluids and close monitoring, while
the investigations are performed.

The investigations should be carried out as quickly as
possible once the suspicion of duodenal perforation has
been raised. The investigations should include an erect
and supine plain X-ray of the abdomen, a gastrograffin
meal and a contrast-enhanced CT scan. In addition, the
patient’s full blood count, serum electrolytes, serum liver
biochemistry and serum amylase should be performed.
The free extravasation of contrast from the duodenum,
on gastrograffin meal, indicates a persistent leak from an
unsealed perforation and in the authors’ opinion is an
indication for surgical intervention. The site of perfora-
tion can sometimes be seen as a small dimple in the
duodenal mucosa and in the absence of free extravasation
this does not necessarily indicate the need for surgery.
Lucas and Ledgerwood favoured gastrograffin swallow
as the best means of demonstrating perforation in relation
to blunt duodenal injury.'® However, Sarr showed that
there was free extravasation of the contrast in only one of
five patients with post ERCP + ES perforation and
concluded that the test was not reliable as a determinant
of the presence of perforation, hence the need to perform
a contrast CT scan.'?

Kulhman et al. showed that CT scan is a very sensitive
means of determining the presence of duodenal perfora-
tion.! CT signs such as pneumoperitoneum, retroperito-
neal air bubbles in the fascial plane between the pancreas
and the duodenum or a paraduodenal collection are
indicators of duodenal perforation. Kulhman found that
31% of patients investigated for pain, fever or leukocy-
tosis after ES had CT evidence of perforation. In the
series by Sarr three patients were found to have paraduo-
denal collections on CT scan.® Sarr concluded that where
there was not an objective indication of resolution of such
a collection, surgical intervention was the safest course,
with no ensuing mortality in his series.

From the experience of these two cases, the lack of
extravasation of gastrograffin enabled conservative
therapy. There was, undoubtedly, a small retroperitoneal
perforation enough to allow large amounts of gas to
extravasate under pressure, but not large enough for
continued liquid contamination of the retroperitoneum.
A CT scan may be more sensitive in detecting retroperi-
toneal emphysema and thus diagnosing perforation, but
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contrast studies may better predict those patients with
continued contamination and who are likely to benefit
from surgery.

RECOMMENDATIONS

On the basis of the literature review conservative man-
agement would be recommended only in those patients
with minimal clinical signs, normal white cell count and
no pyrexia. All patients with clinical signs of sepsis,
contrast leakage on imaging or paraduodenal collection
should be considered for expeditious surgery. An experi-
enced gastrointestinal surgeon should be involved in
management from the time of suspicion of perforation.

10.

11.
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LAPAROSCOPIC FUNDOPLICATION: A PRELIMINARY REPORT OF
THE TECHNIQUE AND POSTOPERATIVE CARE

GREGORY L. FALK, ROY P. BRANCATISANO, JOHN HOLLINSHEAD AND JOHN MOULTON
Department of Upper Gastrointestinal Surgery, Concord Hospital, Svdney, New South Wales, Australia

The technique of laparoscopic fundoplication and its hospital management are described. Thirty day results in
seven patients demonstrate the decreased insult to the patient, early discharge and early return to usual
function, similar to that seen in laparoscopic cholecystectomy.

Key words: hospitalization, laparoscopic fundoplication.

Introduction

Laparoscopic surgery has evolved rapidly during
the past 3 years. Numerous large series have demon-
strated the safety, significantly reduced morbidity
and duration of hospitalization resulting from this
type of surgery. The laparoscopic technique now
enables performance of laparoscopic cholecystec-
tomy’'~? large and small bowel resections, extrac-
tion of common bile duct (CBD) stones and the
repair of inguinal hernias, in selected patients. A
preliminary report of laparoscopic fundoplication
for gastro-oesophageal reflux has been published
by Dallemagne.*

Symptomatic gastro-oesophageal reflux (GER) is
a common disorder. The indications for surgery
in reflux are well established. A short, floppy
total fundoplication has repeatedly shown superior
results.”®

We describe a laparoscopic technique for perform-
ing a floppy fundoplication similar to that achieved
at open surgery.

Patients

Laparoscopic fundoplication was undertaken in eight
patients. Medical management of symptomatic en-
doscopically proven reflux oesophagitis had failed
in all the patients. All of the patients had at least
grade 2 oesophagitis, but as initial endoscopy was
not performed by the authors and all patients were
on treatment, precise data are not available, Median
age was 50 years with a range of 32-75 years.
There were three females and five males. Six pa-
tients had continued symptoms on omeprazole and
one had continued symptoms on H, antagonists.

Correspondence: Mr G. L. Falk, PO Box 1085, Strathficld,
NSW 21353, Australia.

Accepted for publication 29 July 1992,

Five patients had unhealed oesophagitis after pro-
longed therapy and two patients had complications
of pulmonary aspiration. All hernias were less than
4 cm in length.

The pre-operative, operative and postoperative
data have been prospectively recorded in proforma.

Technique

The operation is performed under general anaes-
thetic with the patient positioned in Lloyd-Davies
stirrups. Intermittent compression stockings, sub-
cutaneous heparin and anti-embolism stockings are
used for deep venous thrombosis (DVT) prophy-
laxis. The operator stands between the legs of the
patient with the camera operator on the left side of
the table and the second assistant and nurse on the
right side. The patient is positioned in steep reverse
Trendelenberg.

After routine establishment of pneumoperitoneum,
five 10 mm ports are inserted in the positions shown
in Fig. 1.

The mid-line 10 mm port is used for access for
the laparoscope while the superior laterally placed
ports are the working ports. We principally use the
wide angled forward viewing scope and the 30°
scope when necessary. One can easily relocate the
scope through another port for optimal visualization.

The surgical dissection of the hiatus is facilitated
by lifting the left lobe of the liver away from the
stomach. This is achieved by placing a retracting
instrument through port #5 and retracting the left
lobe of the liver upwards. The left triangular ligament
is not divided as this provides a necessary anchor
point for retraction.

The anatomy of the region as seen through the
laparoscope is shown in Fig. 2. The left lobe of
the liver is retracted upwards exposing the central
tendon of the diaphragm, the phreno-oesophageal
membrane, the lesser omentum and the stomach.
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Fig. 2. Anatomy of the region. Incision of the lesser
omentum.

The dissection is commenced by incising the lesser
omentum and dividing the phreno-oesophageal mem-
brane over the anterior aspect of the crura, so ex-
posing the apex of the hiatus. The hepatic vagal
fibres are preserved (Figs 2, 3).

The right crus is cleared from the right lateral
wall of the oesophagus (Fig. 4). The oesophagus is
retracted upward with a grasping forcep placed in
the left port while clearing the right crus with a
forceps from the right working port.

This manoeuvre is reversed to mobilize behind
the oesophagus using the left port forceps for dis-
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Fig. 3. Anatomy of the region. Incision of the phreno-
oesophageal membrane.
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Fig. 4. Dissection of the right crus and mobilization of the
posterior aspect of the oesophagus.

section. The posterior trunk of the vagus nerve is
displaced posteriorly. During this dissection care
should be taken not to puncture the left pleura.
Dissection is carried into the mediastinum to ad-
equately mobilize the oesophagus into the abdomen.
The crura are cleared to their origin posteriorly.

The dissection of the left crus and gastric cardia
is performed next (Fig. 5). While performing this
dissection, optimal visualization is occasionally
achieved using the 30° side viewing scope. The
gastric cardia is cleared and the short gastric vessels
are clipped or suture ligated and divided as neces-
sary to mobilize adequate fundus for a floppy wrap.
This is performed using the left lateral and mid-line
ports for instruments and the left subcostal port for
the camera.
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Fig. 5. Dissection of the left crus and gastric cardia. Divi-
sion of the short gastric vessels.

Fig. 6. Suture of the hiatus.

Once both crura and the oesophagus have been
mobilized, one can assess whether the hiatus re-
quires closure (Fig. 6). Hiatal repair is performed
by approximating the crura with silk sutures while
retracting the oesophagus anteriorly.

The right working forceps is guided behind the
oesophagus and the mobilized fundus is grasped and
drawn through behind the oesophagus (Fig. 7). With
the posterior part of the wrap loosely lying in posi-
tion, a complete 360° fundoplication is achieved by
positioning the anterior fundus over the oesophagus
(Fig. 8).

The fundoplication is sutured using two sutures
of 2/0 black silk on a standard 26 mm curved needle
incorporating the anterior wall of the oesophagus.
Intracorporeal ties are performed. The fundoplica-
tion 1s calibrated with a 45—55 French bougie, and
a 10 mm laparoscopic instrument is passed between
wrap and oesophagus to ensure ‘floppiness’.

Fig. 7. Positioning the fundic wrap.

5%

Fig. 8. Suture of the fundoplication.

Operative results

Seven of eight patients submitted to surgery were
completed by laparoscopy. The first patient was
quite obese and had an unsuspected para-oesophageal
component. The dissection of the hiatus was diffi-
cult and vision was obscured by fat. Open comple-
tion was without problem.

The duration of the procedure has varied 1-7h
(median 3.5 h). The hiatus was repaired in two pa-
tients. Short gastric vessels were divided in three
patients.

Postoperative course

A nasogastric tube was left overnight in the first
two patients operated but as both had bowel sounds
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the next morning, it was removed at the end of
surgery in subsequent cases.

Bowel sounds were present at a mean of 12h
postoperatively (range: 8-20h). Oral fluids were
commenced the next morning (12 h) and soft diet at
24h (16-28 h).

Mediastinal emphysema was present on postopera-
tive chest X-ray in six patients. Cervical emphy-
sema was identified intra-operatively in four cases,
at which time insufflation pressures were reduced
to 8-9 mmHg without exposure problems, to mini-
mize the potential for pneumothorax.

Pneumothorax occurred intra-operatively in one
patient and was identified immediately as the left
pleura was perforated during dissection of the left
crus. The patient’s vital signs and monitoring did
not change. This patient was a 33 year old fit male,
the outcome may have been different in an older
patient with respiratory disease. The pneumothorax
was treated with a small intercostal catheter which
was removed at 24 h without untoward sequelae.
This is completely avoidable with experience.

Thirty day results

All seven patients achieved complete control of
heartburn and regurgitation. Three patients suffered
transient dysphagia (2—3 weeks) for solids and all
completely resolved. All patients are able to belch
from the abdomen.

Patients were discharged at a median of 48 h post-
operatively and all had returned to normal activity
by 2 weeks, which included golf but not heavy
lifting.

Discussion

These data highlight the major advantages of laparos-
copic surgery, namely early discharge, decreased
patient discomfort and early return to normal activity.
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The early results of laparoscopic floppy fundo-
plication in the present patients and those reported
by Dallemagne are gratifying.

Long-term follow-up of symptom relief and ob-
jective review by endoscopy and 24 h pH study will
be necessary to ensure full acceptance of this pro-
cedure, and is underway in a series to be presented
in our next report.

The procedure described herein is based on the
proven technique of the floppy 360° wrap which is
established as the procedure of choice for the surgi-
cal management of severe gastro-oesophageal reflux
disease.”®

The operation within the abdomen is the same as
‘open’ surgery, but without the abdominal incision.
There is no reason to believe that the medium or long-
term symptomatic or objective results will be any
different from those of ‘open’ floppy fundoplication.
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a fundoplicature laparoscopique fut réalisée pour la premiére fois en 1990 par Dallemagne. L'auteur, quant a lui,
commenga indépendamment la pratique de la fundoplicature laparoscopique la méme année alors qu'il n'y avait qu'une
petite expérience mondiale de cette technigue, et depuis cette date il a réalisé 300 fundoplicatures laparoscopiques.
Deux techniques opératoires différentes ont été utilisées durant deux périodes différentes. La premiére partie de la série
comporte 50 patients (Groupe 1); la deuxieme partie de la série a éié réalisée avec la technique décrite plus loin (Groupe 11).
Les résultats de la chirurgie se sont améliorés et le taux de complications a diminué en raison d'une expérience plus importante

et de l'adoption de la technique du Groupe I1.

MOTS CLES : Fundoplicature, Laparoscopie.

~] METHODE

Un dossier prospectif de tous les patients ayant subi une
chirurgie antireflux a été constitué.

Le premier groupe de 50 patients a été opéré par
laparoscopie avec une technique qualifiée de procédé
Groupe I [2], la série suivante fut opérée selon une
technique qualifiée de procédé Groupe L.

L'dge moyen des patients du Groupe I était de 49 ans
(extrémes 14-75) avec 64 % d’hommes. L'dge moyen du
Groupe II était de 50 ans (extrémes 14-82) avec 58 %
d'’hommes.

Un petit nombre sélectionné de patients a subi une
chirurgie ouverte d'emblée lorsque la ceelioscopie était
considérée comme vouée a I'échec et les observations de
ces patients n'ont pas été incluses dans cette étude. Ces
patients ont été exclus du traitement laparoscopique en
raison d'antécédents de chirurgie gastrique ou pancréatique,
d'obésité ou de brachy-esophage associé a de grosses
hernies.

Dans une étude séparée un observateur indépendant
interrogea une cohorte consécutive de 100 patients du
Groupe 1I pour apprécier le résultat symptomatique.

Une revue objective par endoscopie postopératoire et
pHmétrie de 24 heures ne fut possible que chez
respectivement 127 et 21 malades.

Une étude complémentaire de la symptomatologie
clinique fut réalisée en 1996 chez 206 patients (cas 51 a
256) a titre d'évaluation des malades du Groupe I1.

~1 TECHNIQUE

GROUPEI

Une manométrie préopératoire n'a été que rarement
réalisée dans la premiére série. Tous les malades ont été
opérés par ceelioscopie.

Les patients étaient installés en "French” position avec
des étriers de lithotomie (Lloyd-Davis d'abord, et plus tard
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- Une manométrie préopératoire était demandée pour
déterminer si I'on devait réaliser une fundoplicature totale
ou partielle. En cas d'un défaut de 50% de la propagation
d'une bouchée liquide ou si I'amplitude péristaltique était
nettement inférieure & 20mmHg, une fundoplicature
partielle postérieure ¢tait réalisée.

- Les criteres de sélection pour une fundoplicature
laparoscopique étaient I'absence de brachy-esophage et
d'antécédents de chirurgie gastrique ou pancréatique.

- Pour prévenir I'emphyseme médiastinal la section des
vaisseaux courts gastriques était entreprise d'emblée et a
toujours été réalisée dans la technique Groupe II. La
dissection et la libération du pourtour eesophagien en étaient
ainsi facilitées,

- Les narcotiques per et postopératoires n'ont pas été
employé€s en raison de leur action émétisante. Plus tard,
l'ondansetron (Zophren) devint disponible et fut administré @™
systématiquement en salle de réveil.

instrumentiste

Fig. N° |

étrier d'Allen). L'opérateur était entre les jambes du malade,
I'instrumentiste a sa gauche et l'aide a sa droite (Fig. N° 1).

Cinq voies étaient installées de routine (Fig. N° 2),
¢carteur a foie (A), trocarts opérateurs (B, D), caméra (C),
pince de l'assistant (E).

Fig. N° 2
La dissection commencait par I'hiatus. L'eesophage était
disséqué sur toute sa circonférence et la hernie réduite dans Fig. N° 3 Fixation de la fundoplicature
I'abdomen. Les vaisseaux courts étaient sectionnés selon les sur des patchs de teflon

besoins de l'intervention, I'hiatus suturé s'il était jugé large.
Le fundus ¢tait passé autour de I'wesophage et fixé par des
points de suture de soie, amenant le mur antérieur de
l'estomac derriére I'eesophage.

Des nceuds intracorporels de soie 2/0 sertie d'une
aiguille de 26 mm étaient noués pour donner une écharpe
de 2 cm.

Une sonde naso-gastrique était mise en place et si
nécessaire, un drain aspiratif,

Une alimentation liquide était reprise le matin suivant et
le patient quittait I'nopital 48 heures apres.

GROUPE 11

L'opération du Groupe II a différé de celle du Groupe I
sur plusieurs points :
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- La suture de I'hiatus était jugée obligatoire et une
fermeture calibrée de |'orifice diaphragmatique était réalisée
sur une bougie 50-60 French.

- La fundoplicature était, elle aussi, calibrée avec la
bougie pour s'assurer qu'elle était suffisamment "liche",
puis fixée par une suture de Prolene 2/0 sur des patchs de
teflon (Fig. N° 3) ainsi qu'au diaphragme et aux piliers en
trois endroits (4, 7 et 11 heures).

- Un anti-inflammatoire non stéroidien en suppositoire
et un antalgique oral (dextropropoxyphene) était
administrés au malade des le réveil.

- En l'absence de nausées l'alimentation liquide était
reprise 12 heures aprés l'opération. On ne laissait pas de
sonde naso-gastrique, mais un drain sous - diaphragmatique
était systématiquement mis en place et enlevé au bout de
24 heures,

~] RESULTATS

Nous avons réalisé une fundoplicature laparoscopique
chez 300 patients depuis la premiere tentative en 1990.

e Investigations

Tous les patients ont eu une fibroscopie préopératoire.
Sur les 206 cas consécutifs du Groupe Il. entre juin 93 et
décembre 95, une manométrie cesophagienne préopératoire
a été réalisée chez 180 patients (91 %).

Cent-trente-cing patients ont eu une pHmétrie de
24 heures (65 %).

Un transit baryté a été demandé en cas de suspicion de
brachy-cesophage ou de hernie complexe.

INDICATIONS OPERATOIRES DES
206 FUNDOPLICATURES LAPAROSCOPIQUES

(GROUPE I1)
Echec du traitement médical 132 | 64,1 %
Arrét du traitement médical 42 1 204%
souhaité par le malade, malgré un bon controle !
Hernie par roulement 32 15,5%

(mixte ou para-cesphagienne)

Tableau I

o Indications

Chez les 206 patients du Groupe Il, l'indication & la
chirurgie a été I'échec du traitement médical 102 fois, le
. souhait du malade d'étre débarrassé des médicaments
malgré un bon contrdle 42 fois, I'existence d'une hernie
complexe avec une composante de roulement 32 fois
(Tableau I).

Dans ce group, 62 patients avaient une cesophagite en
colonne prouvée par la biopsie.

91
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PATHOLOGIE
206 FUNDOPLICATURES LAPAROSCOPIQUES
(GROUPE 11)
(Esophagite "en colonne” 62 30,1%
Manifestations pulmonaires 49 1 238%
Hernie par roulement 32 o BEERE
(mixte ou paracesophagienne) ‘
Sténose 18 8,7%

Tableau II

Des manifestations pulmonaires représentaient un
facteur aggravant chez 49 de ces patients. Il y avait une
sténose peptique dans 18 cas (Tableau II).

* Complications

Iy a eu une plaie viscérale chez deux patients parmi les
50 premiers cas, mais plus aucune par la suite.

Des complications postopératoires précoces sont
survenues chez 13 patients (26 %) du Groupe I et chez
12 patients (6 %) du Groupe IT (P < a 0,01)*. Le taux a été
de 50% chez les malades nécessitant une conversion en
chirurgie ouverte.

Une insuffisance de I'hiatus est apparue chez 7 patients
souffrant d'une récidive dans le Groupe I (14 %) et chez
2 patients dans le Groupe II (1%) (P < 0,01)*. Deux des
sept patients du Groupe I avec récidive présentaient un
tableau de volvulus aigu. La récidive des 5 autres patients
est survenue au bout de 30 jours.

» Conversions en chirurgie ouverte

Parmi les 100 premieres fundoplicatures laparos-
copiques 11 conversions en chirurgie ouverte ont été
nécessaires, la majorité (N = 8) dans les 50 premiers cas.

Les indications habituelles pour la conversion en
chirurgie ouverte étaient les grosses hernies mixtes (N = 6),
I'obésité (N = 2) et des antécédents de chirurgie gastrique
(N=3).

Ces conversions en chirurgie ouverte se sont
accompagnées d'une importante morbidité avec des
complications majeures chez 6 patients.

Apres les 100 premiers opérés, nous n'avons plus le taux
exact de conversion mais il est maintenant trés bas.

Cette expérience a été utilisée pour sélectionner les
patients du Groupe II pour une chirurgie ouverte directe :
8 patients ont été sélectionnés sur ces bases pour une
chirurgie ouverte systématique en raison d'une hernie par
roulement.

* Réinterventions

Le taux de réinterventions chez les 50 premiers patients
(Groupe 1) a été de 20%, 14 % pour récidive (aigué ou
secondaire) 4 % pour dysphagie et 2 % pour hernie sur
orifice de trocart.

* Chi-Square Test
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Le taux de réinterventions pour récidives a été réduit a
2% chez les 100 patients suivants du fait de l'adoption de la
technique Groupe II et & 0% pour la troisieme centaine,
donnant un taux global de 0,8 % pour la technique Groupe IL.

La hernie incisionnelle a nécessité une réparation chez
3 des 206 patients du Groupe I (1,5 %).

« Evaluation des symptomes (Groupe II)

100 patients ont été interrogés avec un recul moyen de
18 mois. Une dysphagie transitoire postopératoire persistait
au-dela de 6 semaines chez seulement 9 malades (9 %) et
2 patients présentaient une dysphagie permanente.

Un certain degré de distension gazeuse est apparu dans
7% des cas.

La modification du grade Visick selon Goligher a servi
de base pour évaluer les résultats : 76 patients étaient
Visick I, 20 patients Visick II et 4 patients avaient un
résultat non satisfaisant (2 Visick IIT et 2 Visick 1V).

Le taux de succes est donc de 96 %.

« Evaluation objective postopératoire (Groupe II)

Une fibroscopie postopératoire a été pratiquée chez
127 des 206 patients retenus dans le Groupe II : il n'y avait
aucun cas d'cesophagite récurrente.

Seuls 21 patients ont accepté la pHmétrie post-
opératoire. La pHmétrie ambulatoire de 24 heures a
démontré une diminution du temps d'exposition acide qui
était en préopératoire de 16% + 14,3 % (extrémes 0,0 % -
73,6 %) chez 135 patients, a un taux postopératoire de 0,6 %
+ 2,0% chez 21 patients. Un malade présentait une
¢lévation excessive asymptomatique de son exposition
acide en position couchée (9,4 %). Le large éventail de
I'exposition acide préopératoire refléte les scores treés bas
d'exposition acide préopératoire dans le groupe des malades
ayant une hernie hiatale mixte ou para-cesophagienne. Le
seul score trés haut est secondaire a un épisode prolongé de
reflux chronique gastro-cesophagien lorsque le patient
restait couché.

~] DISCUSSION

La série décrite dans ce travail étudie le développement
et I'évolution du procédé de fundoplicature laparoscopique
réalisée par un seul opérateur (et représente la compilation
de plusieurs analyses réalisées en 1993, 1994 et 1995).

Les difficultés d'introduction de la technique de la
fundoplicature laparoscopique apparaissent a I'évidence; en
effet on constate la diminution du taux de complications et
du taux de réinterventions a mesure que la série a progressé,

La technique Groupe I incorpore les éléments de deux
techniques différentes, I'opération de Nissen standard (5] et
la fundoplicature lache "floppy" [6, 7].

En réalisant chez les 50 premiers patients une écharpe
lache, la partie haute de I'estomac était bien mobilisée.
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Le défaut de suture de I'hiatus, du fait d'une mauvaise
estimation de la taille de I'hiatus en ccelioscopie, a favorisé
le taux élevé de récidives herniaires. Ce phénomene a été
décrit par d'autres auteurs [8].

La technique Groupe II, avec mesure obligatoire et
fermeture de I'hiatus, a quasiment éliminé la récidive
herniaire. L'utilisation de 1'ondensetron comme anti-
émétique a supprimé les vomissements postopératoires et a
contribué, nous le pensons, a la réduction du taux de
récidives précoces.

Nous avons choisi de réaliser une écharpe "lache" dans
le but d'éliminer la dysphagie postopératoire, plutot que le
Nissen traditionnel avec son taux élevé d'effets secondaires
[6].

Il est évident qu'en réalisant une technique "liche" la
suture de I'hiatus est obligatoire. La raison initiale pour
nous de ne pas suturer I'hiatus était que, sous insufflation, le
diaphragme est mis sous tension et que I'hiatus apparait
petit. Notre souci initial, en observant l'ouverture
apparemment petite de I'hiatus, était de ne pas le fermer de
peur de trop le rétréeir. Le fait que cela ait été une illusion a
bien été démontré par les résultats de la fermeture calibrée
de I'hiatus en utilisant une bougie cesophagienne.

Les résultats de I'évaluation symptomatique
endoscopique, et la pHmétrie de 24 heures démontrent la
capacité de cette procédure a controler correctement le
reflux chez les patients du Groupe II sans incidence €élevée
de troubles secondaires génants.

Les résultats de l'expérience de cette série sont
analogues a ceux des autres grandes séries rapportées
[9, 11, 12] montrant que la chirurgie laparoscopique du
reflux donne d'excellents résultats précoces entre les mains
de chirurgiens experts.

Bien qu'une étude des résultats a long terme soit
nécessaire, nous pouvons prédire qu'il ne seront pas
notablement différents de ceux de la chirurgie ouverte
équivalente [6, 7], en considérant les résultats & court et
moyen termes rapportés ici et ailleurs [9, 10 11, 12].

La morbidité de 6 % dans I'opération Groupe II est
nettement plus basse que les 13 % du rapport de DeMeester
dans une série de chirurgie ouverte [7]. A condition que le
taux de récidive tardive reste bas, la fundoplicuture‘
laparoscopique devrait devenir la procédure de choix pour
la chirurgie antireflux.

La courbe d'apprentissage est longue et l'opération
requiert une maitrise laparoscopique "avancée" [12]. C'est
pourquoi il semblerait que les meilleurs résultats soient le
fait d'une grande expérience.

La contribution aux bons résultats du Groupe II de
I'évaluation en laboratoire n'a pas été quantifiée ; mais notre
impression est qu'elle est importante et représente une
caractéristique commune a beaucoup de grandes séries
d'opérations antireflux [7.9, 10, 11, 12].
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“J CONCLUSION

La fundoplicature laparoscopique selon notre procédure

Groupe II contréle la maladie du reflux sévére avec une Concord Hospital

morbidité, une mortalité, et des effets secondaires A teaching Hospital of University of Sidney
acceptables dans le court terme. Une fermeture calibrée de Sidney NSW 2006 - Australie

I'hiatus diaphragmatique est nécessaire et vigoureusement Correspondance :

recommandée, comme 1'usage d'anti-émétiques dans la G.L. Falk, Director

Sydney (Esophageal Services
PO Box 1085
Strathfield NSW 2135 - Australie

période périopératoire.
L'étude des résultats a long terme est cependant
nécessaire pour I'évaluation de cette procédure.

RESUME

La technique de fundoplicature par voie ouverte ou par laparoscopie n'a pas été standardisée, en particulier en ce qui concerne la
fermeture de I'hiatus diaphragmatique et la section des vaisseaux courts gastriques. La difficulté rencontrée dans I'abord
laparoscopique a conduit certains chirurgiens & modifier la technique qu'ils utilisaient en laparotomie pour réaliser la
fundoplicature laparoscopique (F.L.). Une étude prospective de tous les patients ayant eu un F.L. a été réalisée. Le résultat
fonctionnel d'une série consécutive de 100 patients a été étudié. Une analyse objective, concernant I'endoscopie et la pHmétrie
ambulatoire, ne concerne qu'une partie des patients. L'indication principale de la chirurgie est I'échec du traitement médical. Le
taux de complications de la chirurgie passe de 26 % (Groupe I) a 6 % (Groupe II) ot la technique a €té modifiée. Une
insuffisance de I'hiatus est survenue chez 14 % des patients du Groupe I et chez seulement 1% de ceux du Groupe II. Le taux de
réintervention est passé de 20% (Groupe I) a 0,8 % (Groupe II). Un excellent controle symptomatique du reflux a été obtenu
dans le Groupe II. Les modifications de technique entre l'opération Groupe I et I'opération Groupe II, c'est a dire fermeture de
I'hiatus et section généreuse des vaisseaux courts gastriques, ont amélioré les résultats. Les résultats de la F.L. & moyen terme
sont excellents et peuvent étre comparés a ceux de la chirurgie ouverte.

SUMMARY

The technique of open laparoscopic fundoplication has not been standardised, especially regarding the closure of the
diaphragmatic hiatus and division of the short gastric vessels. The difficulty of the laparoscopic technique has led somme to
modify their preferred "open" technique when performing laparoscopic fundoplication. A prospective record of all patients
having laparoscopic fundoplication was kept. Symptomatic outcome of a consecutive series of 100 patients was reviewed.
Limited objective review is reported, of endoscopy and ambulatory pH analysis. The predominant indication for surgery
remained failure of medical therapy. Complication rates of surgery fell from 26% (Group I) to 6% (Group II). Hiatal failure
occured in 14 % of Group I patients and in the later group, 1%. Re-operation rates fell from 20% in the Group I operation to
0.8% in the Group II operation. Excellent symptomatic control of reflux was obtained (Group II). Changes in techniques
between the Groupl operation and Group II operation, namely hiatal repair and generous short gastric division were associated
with much improved results. The medium term results of laparoscopic fundoplication are excellent and compare favourably with
open series.

KEY WORDS : Fundoplication, Laparoscopy.

BIBLIOGRAPHIE

| - DALLEMAGNE B., WEERTS J.M., JEHAES C., GROUPIEWICZ S., LOMBARD R. : Laparoscopic Nissen fundoplication : Preliminary report : Surg.
Endosc., 1991, 1, 138-143.

2 - FALK G.L., BRANCATISANO R.P., HOLLINSHEAD J.W., MOULTON J. : Laparoscopic fundoplication : A preliminary report of the technique and
postoperative care : Angj. Surg., 1992, 62, 969-972.

3-MUNRO W., BRANCATISANO R., ADAMS LP., FALK G.L. : Complications of laparoscopic fundoplication : The first 100 patients : Surg. Laparosc.
and Endosc., 1996, 6, 421-423.

4 - GOLIGHER J.C., PULNERTAFT C.N., DEDOMBAL E.T. ct al. : Five to eight year results of Leeds/York controlled trial of elective surgery for duodenal
ulcer : Brit. Med. J., 1968, 2, 781-787.

5 - NISSEN R. : Gastropexy and fundoplication in surgical treatment of hiatal hernia : Am. J. Dig. Dis., 1961, 6, 954-961.

6 - DONAHUE P.E., SAMELSON S., NYHUS L.M., BOMBECK C.T. : The floppy Nissen fundoplication. Effective long term control of pathologic reflux :
Arch. Surg., 1985, 120, 663-668.

7 - DEMEESTER T.R., BONAVINA L., ALBERTUCCI M., NISSEN R. : Fundoplication for gastreesophageal reflux disease. Evaluation of primary repair in
100 consecutive patients : Ann. Surg., 1986, 204, 9-20.

8 - WATSON D.L. JAMIESON G.G., DEVITT P.G., MITCHELL P.C., GAME P.H. : Para wsophageal hiatus hernia : an important complication of
laparoscopic Nissen fundoplication : B.LS., 1995, 82,521-523.

13 Le journal de Ceelio-Chirurgie - N° 23 - Septembre 1997



94

9 - WEERTS J.M.. DALLEMAGNE B.. HAMOIR et al : Laparoscopic Nissen fundoplication : detailed analysis of 132 patients @ Surg. Laparesc. Endosc.,
1993. 3, 359-364:

10 - JAMIESON G.G.. WATSO ND.I., BRITTEN-JONES R.. MITCHELL P.C.. ANVARI N. : Laparoscopic Nissen fundoplication : Am. J. Surg., 1994, 220,
137-145.

11 - HINDER R.A.. CHARLES J. et al : Laparoscopic Nissen fundoplication is an effective treatment for gastreesophageal reflux disease @ Ann. Surg., 1994,
220, 4, 472-483.

12 - GOTLEY D.C.. SMITHERS B.M.. RHODES M. et al : Laparoscopic Nissen fundoplication : 200 consecutive cases : Gur, 1996, 38, 487-491.

Les autenrs tiennent a adresser toute lewr gratindde au Professeur David Gillert
pour ses conseils pendant dix-sept ans de chirurgie,

et leurs remerciements @ Madame Alison Nunn

pour l'aide apportée dans la réalisation de ce manuscrit.

Le journal de Calio-Chirurgie - N° 23 - Septembre 1997

14



95

EXTRA-OESOPHAGEAL REFLUX DISEASE: physiology,

investigation and treatment

Reflux disease may present typically with heartburn regurgitation and dysphagia, or atypically with
symptoms arising in the head and neck, throat and lungs. Diagnosis of typical disease has largely
been facilitated by physiological study using pH catheters in the oesophagus. Outside the
oesophagus technology has been poor to identify the patients with atypical symptoms which can
be caused by multiple different alternative disease processes.

Attempts to quantify and qualify reflux disease by scintigraphy have been undertaken for the last
50 years. These studies were largely superseded by endoscopy and tube-based reflux studies such
as 24 hour pH, and these became the diagnostic criteria for standard disease. Such diagnostic
criteria were predicated upon patients who suffered heartburn and abnormal values were
established in this patient group. By nature of this, such criteria were not appropriate to patients
with atypical symptomatology. The tests suffered other inaccuracies, endoscopy being sensitive
to reflux disease in only 30%, and tube-based testing largely dependent on being able to identify
acid as the marker of the reflux event until recently. No techniques adequately tested for reflux
fluid outside the oesophagus and normal values for patients with atypical reflux symptoms were
not adequately established. Nonetheless patients without heartburn suffered inconspicuous
clinically regurgitation events which caused considerable extra oesophageal symptomatology and
morbidity. Patients may develop chronic chest infections, pulmonary damage such as
bronchiectasis, late onset asthma, cough hypersensitivity syndrome and possibly a proportion
suffered crippling pulmonary fibrosis. Additionally pulmonary reflux contamination in lung

transplantation was thought to contribute to graft loss and death.

Patients with extra oesophageal symptomatology were referred to my diagnostic and therapeutic
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service and found not to have “real” reflux disease by then current technology. A real need to
accurately diagnose such disease required an adequate diagnostic testing schedule, as the
current algorithm was inaccurate, time consuming, and expensive and frequently did not aid the
patient. Diagnosis and management of this patient group required multiple attendances to
different specialist groups, ENT respiratory medicine and gastroenterology to follow a process of
exclusion. No individual specialist group was able to positively diagnose extra oesophageal reflux
and the testing regimens were intrinsically unsound as there was no way to interrogate the extra
oesophageal organs directly. Diagnosis remained either indicative only, or highly insensitive. Ad
hoc bronchial lavage and pulmonary pepsin raised the suspicion that gastro- oesophageal reflux
contamination of the lung and ear nose and throat area did exist in some patients, severe
regurgitation could be identified by history, but the vast majority of patients did not have typical

reflux symptoms.

It was apparent that the extra-oesophageal symptomatic patient group required a diagnostic test
to enable adequate therapy, to identify the physiological characteristics which made the
presenting symptomatology so different from simple heartburn. The use of the 24-hour pH probe
device was largely applicable only to those patients with heartburn as this was its design and for
which normal values obtained. A technique was required which interrogated extra oesophageal
sites directly for the presence of gastric content. Previous techniques of gastric pepsin had
suggested the presence of gastric regurgitation in the lung, head and neck, but sensitivity and

specificity seemed poor. Invasive sampling was required to improve accuracy.

Scintigraphy had the potential to demonstrate gastrointestinal content in the oesophagus,
pharynx, larynx, nasal cavity, eustachian tubes and lungs independent of pH values. This was
only possible with the advent of new nuclear medicine technology (SPECT/ CT scanning and
computerised reporting) and precise management of isotope kinetics. With the extended

collaboration of my colleague Hans Van Der Wall we initially conceived the test. Serial
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improvement in technique proceeded over half a decade, and to date is now able to identify

patients with this different form of reflux disease.

Patients with heartburn related reflux events suffer multiple frequent episodes of acid reflux into
the lower third of the oesophagus and very infrequently proximately. Patients with extra
oesophageal proximal symptoms in the pharynx and larynx sinuses and lung suffered less frequent
regurgitation events, no heartburn, and the events much more frequently entered the upper
oesophagus and pharynx or lung. The availability of such a diagnostic test allowed tailored
management of the patient and facilitated investigation of the abnormal physiology which brought
about the symptoms. The application of this testing will be likely to enable further investigation, in
an accurately diagnosed patient cohort, establishing the physiological abnormalities of this disease

and the extent of disease.

This is the first such time that an adequate sensitive accurate test has been able to identify the
presence of gastric fluid outside of the oesophagus. Symptom diagnosis is quite inaccurate and
there are no other gold standard tests for extra-oesophageal reflux or laryngopharyngeal reflux
disease (LPR) as this situation is frequently known. While scintigraphy appears essential for
diagnosis it will also be an aid for patient selection for trials of management and therapy in the
longer term. Previously patient selection had to rely upon symptomatology which was quite

inaccurate.

Currently patients often see multiple specialists and it takes many years for a final diagnosis of LPR
and then management. This diagnostic testing is likely to reduce needless repeated consultations
in various specialist areas of medicine and repeated non-contributory testing. This
symptomatology affects between 5 and 8% of the western adult population and so constitutes a
very major health problem. A simplified technique for diagnosis and then management would be
highly advantageous to the patient and to the costs of healthcare. It currently has and is likely to

continue to improve the outcome of individual patient’s and simplify management on an
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increasingly frequent basis.

The studies have been verified against conventional oesophageal physiology of 24 hour pH and
impedance reflux studies, oesophageal manometry, and endoscopy, in my laboratory. The validity
of the diagnosis has been tested against surgical therapy and reported in the body of work.

Normal values have been established.

Utilising the later understanding of the physiology of the reflux episode based on impedance
reflux monitoring it became evident that multiple reflux episodes were non-acidic and that the
reflux episode became less acidic as it travelled proximately in the oesophagus by neutralisation
with saliva. The current standard of 24 hour pH study was thereby shown not to be of value in
assessment of proximal reflux disease due to the lack of proximal acid events to measure.
Impedance studies were repeatedly described inaccurately in the pharynx, leaving only
scintigraphy as a positive diagnostic facility. It would appear that the digestive enzymes and acid

component was substantially integral to the development of atypical symptoms.

The establishment of a diagnostic test which shows pulmonary contamination will allow
developmental understanding and therapy of chronic cough, lung fibrosis, bronchiectasis,
recurrent chest infections and possibly improved outcome of lung transplantation. This area has
hitherto been outside any possibility of accurate diagnosis until now. Application of this
developmental technology could have great significance in the improvement of pulmonary

medical outcome in multiple fields of pulmonary disease.

The multiple publications developing the validity of this testing regimen and the physiology of atypical
reflux disease, have been part of the PhD endeavours of Leticia Burton, Dr Oleksander Khoma, Dr

Scott Simpson, and Dr Jin Soo Park through the University of Notre Dame

Oesophageal manometry and multichannel pH and impedance reflux studies have been undertaken

identifying the physiological causes of extra-oesophageal reflux disease, Multiple metrics have
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been assessed for value in the diagnosis of extra-oesophageal disease including in the pharynx.
We have introduced the very newest technology as it has become available in the study of
physiology and evaluated the metrics against scintigraphy, which has allowed description of the
disease process of extra-oesophageal reflux/LPR. The association of abnormal peristaltic function
in the oesophagus and the presence of extra-oesophageal disease has been identified. The
association of gastric dysmotility with regurgitation events has become apparent. This work
constitutes part of the PhD program at Notre Dame University of Dr Jin-soo Park. The new metrics
have been evaluated in atypical reflux patients to establish usual criteria of abnormality in this
patient group. It has strongly indicated that a series of previously nebulous respiratory and ear
nose and throat diagnoses such as cough variant asthma and hypersensitivity cough are all
strongly linked to the silent, but now physiologically recognised, extra- oesophageal regurgitation

episode.

The practice of diagnosis in this area nationally and internationally has been influenced by this
work being mentioned in editorial in Lung, correspondence with many world experts, an
invitation to present this work in the UK in 2016 as visiting Professor. There has been uptake of
this technology in several major centres around Australia and considering the early phase
development of this technology further expansion is more than likely.
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1 | INTRODUCTION

Hans Van der Wall>® |

Gregory Leighton Falk*

Objectives: Mean nocturnal baseline impedance (MNBI) shows promise in investigat-
ing reflux disease by reflecting esophageal mucosal integrity. This study aimed to
measure MNBI by both conventional and simple methods in patients with
laryngopharyngeal reflux (LPR) and gastroesophageal reflux disease (GERD) in order
to evaluate the efficacy of the simple measurement method.

Methods: Altogether 187 patients were divided into LPR (n = 105) or GERD (n = 82)
groups according to their predominant symptom profile, and underwent off-therapy
impedance-pH monitoring. MNBI was measured by both the conventional and simple
methods. The Bland-Altman plots were constructed to assess mean differences and
to identify bias in the two measurement methods.

Results: For the two measurement methods, mean difference was (—89 + 328) Q in
the distal esophagus, (—6 * 653) Q in the proximal esophagus, and (128 + 577) Q in
the pharynx, respectively. There was a strong correlation between conventional and
simple MNBI values, with the coefficient of 0.940 in the distal esophagus, 0.463 in
the proximal esophagus, and 0.712 in the pharynx (all P < 0.001).

Conclusions: There was an excellent agreement between the conventional and sim-
ple methods of MNBI measurement, with no evidence of proportional bias. Conven-
tional and simple MNBI values correlated excellently in the distal esophagus and
moderately well in the proximal esophagus and pharynx. This study supports the use

of the simple method of measuring MNBI to enhance diagnoses of reflux disease.

KEYWORDS
electrical impedance, esophageal mucosa, gastroesophageal reflux, heartburn,
laryngopharyngeal reflux

the collapsed esophageal mucosa in contact with the electrodes.

Increased acid exposure has been shown to reduce baseline

Esophageal multichannel intraluminal impedance (MIl)-pH monitoring
has been used for the assessment of gastroesophageal reflux disease
(GERD) and laryngopharyngeal reflux (LPR) in clinical practice. Esopha-
geal Mll-pH detects changes in electrical impedance caused by reflux
and swallows at multiple points along a catheter in the esophagus and
can distinguish all reflux events as being gas or liquid, and as acidic or
non-acidic. Between reflux events and swallows, the esophageal

lumen is collapsed, and the baseline impedance is determined from

impedance.®?

Mean nocturnal baseline impedance (MNBI) is a novel measure-
ment of baseline impedance during nocturnal recumbence, when trac-
ings are less affected by swallows and reflux events.2 MNBI has been
shown to increase diagnostic yield in patients with GERD,? distinguish
GERD patients who respond to proton pump inhibitors from those
with functional heartburn? and predict improvements in symptomatic

severity.*

© 2021 Chinese Medical Association Shanghai Branch, Chinese Society of Gastroenterology, Renji Hospital Affiliated to Shanghai Jiaotong University School of

Medicine and John Wiley & Sons Australia, Ltd.
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Most recent studies have measured MNBI using the conventional
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method, which manually measures MNBI values at three stable
10-minute periods during the nocturnal recumbence that are free of
reflux and swallow events.? This conventional MNBI measurement is
time-consuming. Furthermore, the three 10-minute sampling periods
do not completely represent the whole recumbent baseline period.
Recently, a simple method of MNBI measurement has been described,
where the average impedance of the whole nocturnal recumbence
period was calculated. This method has been introduced as a faster
and less selective way of obtaining MNBI, and is representative of the
whole nocturnal recumbent period. In this study, MNBI values
obtained by conventional and simple methods strongly correlated.” To
our knowledge, no other studies have yet validated the simple MNBI
measurement method. Therefore, the aim of the present study was to
correlate MNBI values obtained by the conventional and the simple
methods in patients with either GERD or LPR.

2 PATIENTS AND METHODS

2.1 | Patient selection and study design

Consecutive patients with severe LPR and GERD were referred to a
tertiary reflux treatment unit. The patients had failed medications and
had undergone multidisciplinary investigation of differential diagnoses
prior to their referral. The patients were divided by their predominant
symptoms into either the GERD or the LPR group. Patients with LPR
had a high pre-test probability of disease in the context of previous
extensive investigation.

Data were extracted from a research database with current
approval by the Sydney Local Health District Human Research
LNR/12CRGH/248). The
patients had given their written informed consent before their

Ethics Committee (reference number:

enrollment for the study of data under the Institutional Ethics Com-

mittee guidelines.

2.2 | MIl-pH measurement

All patients underwent dual 24-hour MII-pH monitoring. Proton pump
inhibitors were ceased for 5 days prior to the measurement. The ana-
tomical locations of the upper esophageal sphincter (UES) and lower
esophageal sphincters (LES) were manometrically defined. Following
the topical application of nasal local anesthetic, a 2.3-mm naso-esoph-
ageal catheter (Zephyr; Sandhill Scientific Inc., Highlands Ranch, CO)
was inserted. Six electrodes, which were 5, 7, 12, 14, 26 and 27 cm
above the LES (z6, z5, z4, z3, z2 and z1, respectively), were used to
measure the impedance, with the two uppermost electrodes measur-
ing hypo-pharyngeal impedance. Two electrodes measured the pH
value at the proximal and distal esophagus. No dietary or activity
restrictions were required other than the ingestion of acidic bever-
ages. The probe was connected to an external monitoring Zephyr
device which collected data over the 24-hour period.

A decrease in impedance of 50% relative to the baseline, followed by
an increase back to at least 50% of the baseline, traveling in a retrograde
fashion, defined a reflux event. The most proximal channel that detected
the drop in impedance defined whether the reflux event was distal, proxi-
mal or pharyngeal. Each reflux episode was classified as either acidic
(pH <4) or non-acidic (pH >4). The acid exposure time (AET) was the total
time that the pH value was <4, divided by the total measurement time,
expressed as a percentage.

2.3 | MNBI measurement

The nocturnal recumbent period was identified in a 24-hour Mll-pH
reflux trace. Using Martinucci's conventional method, MNBI was mea-
sured by identifying three 10-minute intervals during the nocturnal
recumbent period that were free of refluxes, swallows, or other sig-
nals were selected, typically at 01:00 AM, 02:00 AM and 03:00 AM.
The baseline impedance for these three periods were obtained, the
mean value of which was calculated as the conventional MNBI value.
Using the Hoshikawa's simple method,> MNBI was measured by
selecting the entire nocturnal recumbent period and obtaining the
mean baseline impedance for the whole period (Figure 1). For both
conventional and simple methods, MNBI was measured in the distal
esophagus close to 5 cm above the LES (z6), in the proximal esopha-
gus (14 cm above the LES) (z3) and in the pharynx (27 cm above the
LES) which was 2 cm above the upper border of the UES (z1). Mea-
surements by the conventional and simple methods were performed
by one single author (J.5.P.) who was blinded to the symptoms and
impedance-pH summaries of the patients.

24 | Statistical analysis

All the statistical analyses were performed by using the SPSS Statistics
version 24.0 (IBM, Armonk, NY). The normal distribution of data was
determined by using the Shapiro-Wilk test. Continuous variables were
expressed as mean * standard deviation and were analyzed by using
the independent t-test, whereas categorical variables were expressed
as numbers and percentages or frequencies and were analyzed with
the y? test. Correlations between continuous variables was tested
using the Pearson's product-moment correlation coefficient (r).

The difference between each pair of the conventional and simple
MNBI values was calculated. A difference close to zero denoted
strong agreement between the two methods of measurements, and
that approaching infinity or negative infinity denoted poor agreement.
Data obtained for patients with GERD and LPR were pooled for analy-
sis. The Bland-Altman plots were used to compare the agreement
between the conventional and simple MNBI measurements, and to
assess the bias. The Bland-Altman plots were constructed by plotting
the mean of paired values on the X axis against the difference
between paired values on the Y axis. Limits of agreement, or 95% con-
fidence interval (Cl), were obtained by calculating + 1.96 standard
deviation. A P value of <0.05 was considered statistically significant.
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FIGURE 1
can be viewed at wileyonlinelibrary.com]

3 | RESULTS

3.1 | Demographic characteristics

In total, 187 patients were studied consecutively, including 105 with
LPR and 82 with GERD. Their demographic characteristics and MlI-
pH measurement results are summarized in Table 1. The LPR group
was elder (58.5y + 15.1y vs 50.7 y + 16.2 y, P = 0.002) and included
a less proportion of men (29.5% vs 43.9%, P = 0.047) than the GERD
group. The GERD group had a higher DeMeester score (12.1 +28.1
vs 5.5 +13.6, P = 0.037), higher distal AET (8.3% +7.9% vs 1.7%
+3.9%, P <0.001) and more frequent reflux episodes in the distal
(64.4 +39.0 vs 46.5 + 24.5, P < 0.001) and proximal esophagus (33.6
+26.8 vs 24.3 £ 14.2, P = 0.003). Using the conventional MNBI mea-
surement, patients in the GERD group had a lower MNBI in the distal
([1679 + 914] Q vs [2109 + 863] Q, P = 0.001) and proximal esopha-
gus ([2289 + 579] Q vs [2541 + 471] Q, P = 0.001) than patients with
LPR. The pharyngeal MNBI measurements between the groups were
similar.

3.2 | Comparison between conventional and
simple MNBI

The differences between each pair of values of the conventional and sim-
ple MNBI were evaluated for the three anatomical locations. The mean

24-hour impedance-pH reflux tracing, with highlighted (green) period representing the nocturnal recumbent period [Color figure

difference was (—89 + 328) Q in the distal esophagus, (—6 * 653) Q in the
proximal esophagus, and (128 + 577) Q in the pharynx, respectively. The
Bland-Altman plots were constructed separately for the distal esophagus
(Figure 2), proximal esophagus (Figure 3) and pharynx (Figure 4),
respectively.

A strong positive correlation of MNBI values was found in the
conventional and simple measurement methods. For the two mea-
surement methods, the coefficient was 0.940 in the distal esophagus,
0.463 in the proximal esophagus and 0.712 in the pharynx (all
P < 0.001; Table 2). The MNBI in the distal esophagus measured by
using the conventional and simple measurement methods was
inversely correlated with distal AET (r = —0.195, P = 0.007; and
r = —0.220, P = 0.003, respectively). Both conventional and simple
MNBI in the distal esophagus were inversely correlated with the num-
ber of distal acid reflux episodes (r = —0.330, P < 0.001; and
r=—0.302, P < 0.001, respectively).

4 | DISCUSSION

Persistent esophageal acid exposure in both the animal model® and
human’ has been shown to decrease baseline impedance of the
esophageal mucosa. One study found significantly lower baseline
impedance levels in a group of GERD patients with pathological AET
compared with healthy controls.1 Furthermore, AET has been nega-
tively correlated with distal baseline impedance.%?* MNBI is a useful
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LPR (N = 105) GERD (N = 82) P value TABLE 1 ~ Demographic
characteristics and multichannel
Age, y (mean + SD) 585+15.1 50.7+£16.2 0.002 intraluminal impedance-pH measurement
Male gender, n (%) 31(29.5) 36 (43.9) 0.047 results of patients with gastroesophageal
DeMeester score (mean + SD) 5.5+ 136 1214281 0.037 reflux disease (GERD) and
. laryngopharyngeal reflux (LPR)
Distal AET, % (mean + SD) 1.7+39 83+79 <0.001
Proximal AET, % (mean + SD) 02+13 04+32 0.591
Distal reflux episodes, n (mean + SD) 46.5 £ 24.5 64.4+39.0 <0.001
Acidic 12.6 + 14.8 17.2+17.3 0.011
Non-acidic 334 +18.3 444 + 36.5 0.067
Proximal reflux episodes, n (mean + SD) 243 +14.2 33.6+268 0.003
Acidic 6.6 85 99+99 0.015
Non-acidic 17.6 +11.8 240+ 260 0.028
Pharyngeal reflux episodes, n (mean + SD) 74+7.2 69+78 0.683
Acidic 021+1.3 022+1.3 0.959
Non-acidic 72+70 68+7.6 0.725
Conventional MNBI, Q (mean + SD)
Distal esophagus 2109 + 863 1679 + 914 0.001
Proximal esophagus 2541 +471 2289 + 579 0.001
Pharynx 2116 + 699 2133+ 770 0.878
Abbreviations: AET, acid exposure time; MNBI, mean nocturnal baseline impedance; SD, standard
deviation.
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FIGURE 2 Bland-Altman plot for conventional and simple mean
nocturnal baseline impedance measurement in the distal esophagus
(n = 187). Abbreviation: SD, standard deviation

novel measurement with potential utility in enhancing the diagnostic
ability of MIl-pH monitoring.

The present study found excellent agreement between the con-
ventional and simple methods for the measurement of MNBI.
According to the mean difference, on average, the two methods dif-
fered in measurement in the distal esophagus by 89 Q (towards the
simple method), in the proximal esophagus by 6 Q (towards the simple
method), and in the pharynx by 128 Q (towards the conventional

T T T T T T T T
0 2000000 4000000 6000000 8000000 10000000 12000000 14000000
Mean of the conventional and simple

FIGURE 3 Bland-Altman plot for conventional and simple mean
nocturnal baseline impedance measurement in the proximal
esophagus (n = 187). Abbreviation: SD, standard deviation

method). Average values for MNBI by either method are measured in
the thousands; therefore, the scale of difference between both mea-
surement methods is very low.

The distribution of points along the Bland-Altman plots for the
distal and proximal esophagus are uniformly scattered. This suggests
minimal bias when measuring MNBI by either the conventional or
simple methods at these two sites. However, in the pharynx the distri-
bution of the values on the plot appears to be slightly weighted
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FIGURE 4 Bland-Altman plot for conventional and simple mean
nocturnal baseline impedance measurement in the pharynx (n = 187).
Abbreviation: SD, standard deviation

TABLE 2 Correlation and absolute values of mean nocturnal
baseline impedance by the conventional and simple measurement
methods

Conventional  Simple r \F:alue
Distal esophagus 1921 + 909 2011+958 0940 <0.001
Proximal 2431 + 534 2437 £ 697 0463 <0.001
esophagus
Pharynx 2124 + 729 1996+785 0.712 <0.001

Note: Units of measurement in Q, values presented as mean + standard
deviation.

towards being negative. This suggests that the simple method mod-
estly overestimate MNBI relative to the conventional method. None
of the three plots appear to have a linear gradient, indicating that
there is minimal proportional bias between the two methods of
measurement.®

The correlation between the conventional and simple methods
is excellent in the distal esophagus and moderate in the proximal
esophagus and pharynx. One study reported a strong correlation
between the conventional and simple methods in the distal and
proximal esophagus, which is analogous to the anatomic locations in
the current study, with correlation coefficients of 0.95 and 0.80,
respectively. These authors did not measure pharyngeal MNBI. Their
reported correlation coefficients in the distal esophagus are compa-
rable to our results. However, the present study did not find the
correlation to be as strong in the proximal esophagus as in this
study.

The Spearman's correlation test was used in one study® to com-
pare the two MNBI measurement methods. This test assesses the

relationship between two variables, not the difference, and so lacks

/um‘n'al of . . 423
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the ability to detect bias in method comparison studies, particularly
proportional and fixed bias.”*°

The present study finds that MNBI measured by the conventional
and simple methods in the distal esophagus are inversely correlated
with distal AET and distal acid reflux episodes. Multiple studies have
found MNBI to inversely correlate with AET, which strongly suggests
that acid exposure in the distal esophagus decreases baseline imped-
ance.2*! Currently, acid reflux is thought to induce changes in muco-
sal intercellular tight junctions, leading to dilated intercellular spaces,
which has been shown in animal models and human studies to be
induced by acid exposure and may be the cause of the decrease in
electrical impedance of mucosal tissue that has impaired integrity.>”

The present study is limited by its retrospective nature. Addition-
ally, we did not compare interobserver agreement between the two
methods of MNBI measurement.

5 | CONCLUSIONS

The present study demonstrates excellent agreement between con-
ventional and simple methods of measuring MNBI. There is no evi-
dence of proportional bias in either measurement method. MNBI
results obtained by the two methods correlated excellently in the dis-
tal esophagus and moderately well in the proximal esophagus and
pharynx. This study supports the use of the simple method of measur-
ing MNBI, which allows the easy application of a useful technique in
diagnosing esophageal disease, with the potential to enhance the

diagnosis of reflux disease.

ORCID
Jin-soo Park "2 https://orcid.org/0000-0003-0888-1204
REFERENCES

1. Kessing BF, Bredenoord AJ, Weijenborg PW, Hemmink GJM,
Loots CM, Smout AJPM. Esophageal acid exposure decreases
intraluminal baseline impedance levels. Am J Gastroenterol. 2011;106
(12):2093-2097.

2. Martinucci |, de Bortoli N, Savarino E, et al. Esophageal baseline
impedance levels in patients with pathophysiological characteristics
of functional heartburn. Neurogastroenterol Motil. 2014;26(4):
546-555.

3. Frazzoni M, Savarino E, de Bortoli N, et al. Analyses of the post-reflux
swallow-induced peristaltic wave index and nocturnal baseline imped-
ance parameters increase the diagnostic yield of impedance-pH moni-
toring of patients with reflux disease. Clin Gastroenterol Hepatol.
2016;14(1):40-46.

4. Patel A, Wang D, Sainani N, Sayuk GS, Gyawali CP. Distal mean noc-
turnal baseline impedance on pH-impedance monitoring predicts
reflux burden and symptomatic outcome in gastro-esophageal reflux
disease. Aliment Pharmacol Ther. 2016;44(8):890-898.

5. Hoshikawa Y, Sawada A, Sonmez S, et al. Measurement of esophageal
nocturnal baseline  impedance: a  simplified method.
J Neurogastroenterol Motil. 2020;26(2):241-247.

6. Farré R, Blondeau K, Clement D, et al. Evaluation of oesophageal
mucosa integrity by the intraluminal impedance technique. Gut. 2011;
60(7):885-892.



| WILEY—

7.

10.

Journal of

107

PARK ET AL.

Digestive Diseases

Farré R, van Malenstein H, De Vos R, et al. Short exposure of
oesophageal mucosa to bile acids, both in acidic and weakly acidic
conditions, can impair mucosal integrity and provoke dilated inter-
cellular spaces. Gut. 2008;57(10):1366-1374.

Altman DG, Bland JM. Measurement in medicine: the analysis of
method comparison studies. J Roy Stat Soc Ser D (The Statistician).
1983;32(3):307-317.

Ludbrook J. Statistical techniques for comparing measurers and
methods of measurement: a critical review. Clin Exp Pharmacol Physiol.
2002;29(7):527-536.

Giavarina D. Understanding Bland Altman analysis. Biochem Med
(Zagreb). 2015;25(2):141-151.

11. Sakin YS, Vardar R, Sezgin B, et al. The diagnostic value of 24-hour

ambulatory intraesophageal pH-impedance in patients with
laryngopharyngeal reflux symptoms comparable with typical symp-
toms. United Eur Gastroenterol J. 2017;5(5):632-640.

How to cite this article: Park J, Van der Wall H, Falk GL.
Conventional and simple methods of measuring esophageal
nocturnal baseline impedance show excellent agreement. J Dig
Dis. 2021;22(7):419-424. https://doi.org/10.
1111/1751-2980.13024




108

European Archives of Oto-Rhino-Laryngology
https://doi.org/10.1007/500405-021-06658-z

LARYNGOLOGY q

Check for
updates

A new diagnostic paradigm for laryngopharyngeal reflux disease:
correlation of impedance-pH monitoring and digital reflux
scintigraphy results

Jin-soo Park'2® . Oleksandr Khoma' - Leticia Burton®3 - Hans Van der Wall*3 - Gregory Leighton Falk'*

Received: 29 October 2020 / Accepted: 28 January 2021
© Crown 2021

Abstract

Purpose No gold-standard investigation exists for laryngopharyngeal reflux (LPR). Multichannel intraluminal impedance
(MII)-pH testing has uncertain utility in LPR. Meanwhile, reflux scintigraphy allows immediate and delayed visualisation
of tracer reflux in the esophagus, pharynx, and lungs. The present study aimed to correlate MII-pH and scintigraphic reflux
results in patients with primary LPR.

Methods Consecutive patients with LPR underwent MII-pH and scintigraphic reflux studies. Abnormal values for MII-pH
results were defined from existing literature. MII-pH and scintigraphic data were correlated.

Results 105 patients with LPR [31 males (29.5%), median age 60 years (range 20-87)] were studied. Immediate scintigraphic
reflux was seen in the pharynx in 94 (90.4%), and in the proximal esophagus in 94 (90.4%). Delayed scintigraphic contami-
nation of the pharynx was seen in 101 patients (96.2%) and in the lungs of 56 patients (53.3%). For MII-pH, abnormally
frequent reflux was seen in the distal esophagus in 12.4%, proximal esophagus in 25.7%, and in the pharynx in 82.9%. Patients
with poor scintigraphic clearance had higher Demeester scores (p =0.043), more proximal reflux episodes (p =0.046), more
distal acid reflux episodes (p=0.023), and more prolonged bolus clearance times (p =0.002).

Conclusion Reflux scintigraphy has a high yield in LPR patients. Scintigraphic time-activity curves correlated with validated
MII-pH results. A high rate of pulmonary microaspiration was found in LPR patients. This study demonstrated a high level
of pharyngeal contamination by scintigraphy and MII-pH, which supports the use of digital reflux scintigraphy in diagnos-
ing LPR.

Keywords Pharyngeal impedance - Laryngopharyngeal reflux - Pulmonary microaspiration

Introduction less understood. LPR is associated with atypical symptoms

such as chronic cough, hoarseness, dysphonia, and globus.

Laryngopharyngeal reflux (LPR) refers to the symptoms
that are a direct and indirect effect of refluxed gastric con-
tents in the larynx and pharynx. Although typical gastro-
esophageal reflux disease (GERD) is well documented and
investigated, extra-esophageal manifestations of GERD are
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As few as three episodes of intermittent reflux per week can
result in laryngeal damage [1]. Aspirated gastric refluxate
is also associated with lower respiratory sequalae such as
asthma and pulmonary fibrosis [2]. LPR and GERD have
dissimilar physiological mechanisms, response to treatment,
and symptoms. Furthermore, LPR and GERD symptoms do
not correlate, as less than 50% of patients with LPR symp-
toms have typical GERD symptoms [3], and only 32.8% of
patients with proven GERD have extra-esophageal manifes-
tations [4]. Nonetheless, LPR is classified in the Montreal
consensus as a reflux phenomenon [5].

The current gold standard for investigating typical esopha-
geal GERD is with multichannel intraluminal impedance com-
bined with pH monitoring [6]. Electrical impedance across two
electrodes is measured at multiple points along an esophageal
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catheter. Electrolyte-rich fluid causes a decrease in impedance,
allowing quantification as well as analysis of bolus movement
patterns. For each reflux episode, a pH monitor simultaneously
measures the acidity of the bolus, thereby classifying reflux
events as acid or non-acid. Nonetheless, 24-h pH monitoring
has limitations, being negative in up to 34% of patients with
reflux esophagitis [7].

Although impedance-pH monitoring is useful in investi-
gating typical GERD, various limitations in assessing LPR
have been identified. Typical impedance-pH probes cannot
directly measure impedance in the pharynx, larynx, and the
lungs, as conventional GERD-detecting probes lack reliability
above the upper esophageal sphincter (UES). Reports in the
literature use measurements in the proximal esophagus as a
surrogate for refluxate reaching areas above the UES, which
is imprecise [8]. There are limited standardized results for the
proximal-most sensor (be it pharyngeal or upper esophageal),
and there are heterogenous diagnostic criteria to define LPR in
impedance-pH [3]. Inaccuracies in impedance and pH meas-
urement also result from loss of mucosal contact or drying of
the electrodes, resulting in “pseudo-reflux” artifact [9]. Inter-
observer error in interpreting results for reflux events in the
pharynx has also been problematic [10].

A new digital reflux scintigraphy technique has been
developed which has the potential to directly visualise reflux
occurring, and to certain anatomic levels. Radio-labelled tech-
netium-99 m (Tc-99 m) phytate is ingested, and its presence
in gastric refluxate can be directly visualized in the pharynx,
sinuses, and lungs independent of artefact, pH, or surrogate
interpretation. Concentration over time in regions of inter-
est can be traced and quantified in real time. It also enables
synchronous diagnosis of pulmonary aspiration and delayed
liquid gastric emptying. This technique has been validated
and reported, and is a reliable technique for detection of sus-
pected LPR events [10, 11]. We have previously shown that
no healthy, asymptomatic volunteers had pharyngeal reflux or
lung aspiration with reflux scintigraphy [13].

The aim of this study was to assess two modes of investiga-
tions, impedance-pH monitoring and digital reflux scintigra-
phy, in consecutive patients with symptoms of laryngopharyn-
geal reflux. The authors hypothesize that reflux scintigraphy
would complement investigation of reflux above the upper
esophageal sphincter, possibly better characterizing LPR.

Methods

Patient selection and data collection

Consecutive patients between June 2013 and April 2016
with predominantly laryngopharyngeal reflux (LPR) symp-

toms were referred to a tertiary anti-reflux surgical service.
Patients underwent standardised symptom-based interviews
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to characterize GERD and LPR symptoms. Patients had
previously undergone extensive investigation by multiple
specialties to exclude alternative diagnoses, as well as to
characterize associated findings such as hiatus hernia. As
patients were referred from multiple different subspecialty
groups, laryngoscopic examination was not performed in all
patients and was not included. The validity and reliability of
laryngoscopic diagnosis of LPR was also a concern [14]. All
were referred with intractable symptoms for consideration of
surgery. Patients were considered to have a high pre-testing
probability of disease due to extensive pre-referral treatment
and investigations.

24-h ambulatory multichannel intraluminal imped-
ance-pH monitoring and scintigraphic reflux studies were
obtained in all patients while off proton-pump inhibitor (PPI)
therapy for a minimum of 48 h.

Impedance-pH measurement

Standard water perfused manometry using a Dentsleeve
(Ontario, Canada) multi-channel catheter was performed.
The locations of the upper and lower esophageal sphinc-
ters were manometrically quantified by distance from nares,
allowing precise placement of impedance-pH probes.

24 h impedance-pH measurement was performed after
cessation of anti-acid therapy for 48 h. Under topical anaes-
thetic, a 2.3 mm diameter trans-nasal catheter designed for
detection of LPR was inserted. The pharyngeal sensor was
placed 2 cm above the upper border of the upper esophageal
sphincter (UES), and multiple impedance sensors were sub-
sequently close to 5 and 15 cm above the lower esophageal
sphincter (LES) (Zephyr device ZAI-BL-56, Sandhill Co,
Highlands Ranch, CO, USA). There were no dietary restric-
tions during the monitoring period other than restricting
ingestion of acidic beverages. The catheter was connected
to an external Zephyr device for monitoring. Impedance
and pH values for reflux episodes were computer-generated
using the ‘Autoscan’ function, and all reflux episodes were
manually reviewed to confirm pharyngeal and esophageal
reflux events.

Impedance-pH interpretation

A reflux episode was defined as a 50% decrease in imped-
ance from baseline in the distal impedance sites travelling
in a retrograde fashion. Whether a reflux episode was cat-
egorised as distal esophageal, proximal esophageal, or phar-
yngeal depended on the uppermost electrode that detected
the reflux bolus transit. For example, a pharyngeal reflux
episode began as a distal bolus that travelled in a retrograde
fashion and was detected above the UES, congruent with
other described pharyngeal reflux studies [15]. The number
of reflux episodes to the pharynx, proximal esophagus, and
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distal esophagus were measured while upright, recumbent,
and total. Each reflux episode was classified as either an acid
(pH < 4) or non-acid (pH >4) episode.

Normal values in healthy, asymptomatic individuals have
been reported by Shay and colleagues for the number of
reflux episodes in the proximal and distal esophagus whist
upright, recumbent, and total [16]. Values above the 95th
percentile in normal patients were considered abnormal. The
number of reflux episodes detected at the proximal esopha-
gus greater than 29, 3, and 31, while upright, recumbent, and
total, respectively, were considered abnormal. The number
of reflux episodes in the distal esophagus greater than 67,
7, and 73, while upright, recumbent, and total, respectively,
were considered abnormal. Hoppo and colleagues describe
normative pharyngeal impedance-pH data in healthy, asymp-
tomatic individuals—one or more reflux episodes detected at
the pharynx was considered abnormal [15], a cut-off value
agreed upon by Zerbib et al. [9]

Acid exposure time (AET, %) was defined as total length
of time that pH was <4, divided by the total time monitored,
and expressed as a percentage. AET was measured in the
proximal and distal esophagus while upright, recumbent, and
total. AET in the distal esophagus while upright, recumbent,
and total, that were greater than 9.7, 2.1, and 6.3%, respec-
tively, were considered abnormal [16].

For each reflux episode, bolus entry was defined as
the moment when a 50% fall in impedance from baseline
impedance was reached. Bolus clearance was defined as
the moment when impedance rose back to the value denot-
ing bolus entry for>5 s. Bolus clearance time was the time
between bolus entry and clearance. Median bolus clearance
time (MBCT) was calculated for each patient and expressed
in seconds. MBCT was measured while upright, recumbent,
and total. MBCT that were greater than 43, 51, and 44 s
while upright, recumbent, and total, respectively, were con-
sidered abnormal [16].

The well-established composite score for standard dis-
tal pH reflux disease described by Johnson and Demeester
was recorded. A Demeester score > 14.72 was considered
abnormal [17].

Reflux scintigraphy measurement

The standardized protocol for novel digital reflux scintig-
raphy has been previously described [18]. Patients were
fasted for 12 h and medications ceased 24 h prior to reflux
scintigraphy. While upright, participants stood in front of a
Hawkeye-4 gamma camera (General Electric, Milwaukee,
USA) with markers over the chin and stomach to capture
regions of interest in the study field. Patients ingested 50 mL
of water with 60 MBq of Tc-99 m phytate, followed by
another 50 mL of water to flush the pharynx and esophagus
of Tc-99 m phytate. Early, dynamic images of the upright

laryngopharynx, esophagus, and stomach were obtained for
two minutes at one frame per 15 s. Patients lied down after-
wards, and dynamic images were obtained for 30 min at one
frame per 30 s. These upright and supine images detected
early reflux of tracer to the esophagus and laryngopharynx.
Delayed images were acquired two hours after ingestion of
Tc-99 m phytate to assess isotope contamination of the lar-
yngopharynx (Fig. 1) and Iungs.

Reflux scintigraphy interpretation

Scintigraphic counts were obtained in the pharynx and upper
esophagus. Scintigraphic counts were quantified over time
and expressed as a time-activity curve for each location,
while upright and supine. Scintigraphic time-activity curves
were classified according to whether they demonstrated a
falling curve, flat curve, or rising curve (Fig. 2). Patients
were also grouped according to whether they exhibited a
flat or rising curve, which indicated impaired ability either
to clear the pharynx or esophagus of isotope, or continued
accumulation. The other grouping was of a falling curve or
no reflux, which indicated that patients could clear the iso-
tope or had no net accumulation of reflux of isotope.

Using the time-activity curve, frequency of reflux spikes,
maximal amplitude, and area under the curve (AUC) of
scintigraphic count relative to background radiation were
obtained. The amplitude reflected the volume of the bolus
of refluxate that entered the pharynx and the frequency
quantified the number of reflux boluses in the study period.
The AUC reflected the dynamic equilibrium of volume and
frequency of refluxate and the effectiveness of esophageal
clearance mechanisms.

Ethical consideration

Consecutive data were extracted from a research database of
either proven or suspected GERD/LPR pathology which had
been approved by the Institutional Ethics Committee of Con-
cord Hospital (LNR/12CRGH/248). Patients gave written

Fused SPECT/ CT

Sagittal SPECT

Fig. 1 This panel of images demonstrates a planar lateral image and
the sagittal SPECT and fused SPECT/CT images. The main finding
is of refluxate contaminating the oropharynx, pharynx and the laryn-
gopharynx (arrow)
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Fig.2 This image demonstrates
an example of time-activity
curves derived from the region
of interest over the pharynx/lar-
yngopharynx. a Demonstrates

a declining time-activity curve
with the pink line fitted to the
background subtracted raw
data (Red curve). b shows a flat
curve and ¢ a rising curve

Pharyngeal/ Laryngopharyngeal curves
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informed consent for the study under the Institutional Ethics
Committee Guidelines.

Statistical analysis

SPSS version 24.0 (IBM Corp, NY) was used for statistical
analysis. Data were confirmed to be non-normally distrib-
uted with Shapiro-Wilk test. Data were expressed as medi-
ans and interquartile range (25th and 75th), unless indicated.
Proportions of nominal and ordinal data were compared with
chi-squared test. Non-parametric continuous variables were
compared with the Mann—Whitney U test for two variables,
or Kruskal-Wallis test for more than two variables. Correla-
tions between two continuous variables were assessed with
Spearman’s rank correlation, and expressed as Spearman’s
rho. The threshold for significance was p <0.05.

Results
Clinical

105 consecutive patients were identified with predominant
symptoms of laryngopharyngeal reflux (LPR). There were
31 males (29.5%) with a median age of 60 (range 20-87).
The most common symptom was cough in 79 (75.2%), fol-
lowed by throat clearing in 77 (73.3%) and dysphonia in 68
(64.8%). A history of typical symptoms of gastro-esopha-
geal reflux disease (heartburn) was elicited in three (2.9%)
patients. Demographics are summarized in Table 1.

Reflux scintigraphy results

Scintigraphic time-activity curve data was unavailable for
one patient, whose results were uninterpretable for technical
reasons, and the test was not repeated.

Scintigraphic time-activity curve findings in the pharynx

Early scintigraphic reflux findings are shown in Table 2.
While upright, early scintigraphic pharyngeal reflux was
seen in 94 patients (90.4%), and no pharyngeal reflux in
10 (9.6%). In those with pharyngeal reflux, scintigraphic
isotope curves were rising in 50 (48.1%), flat in 14 (13.5%),
and falling in 30 (28.8%).

While supine, early scintigraphic pharyngeal reflux was
seen in 94 patients (90.4%), and no reflux in 10 (9.6%). In
those with pharyngeal reflux, scintigraphic isotope curves
were rising in 68 (65.4%), flat in 3 (2.9%), and falling in 23
(22.1%).

Table 1 Patient demographics and clinical findings

Male sex
Male 31 (29.5%)
Female 74 (71.5%)
Age (median, range) 60 (20-87)
Symptoms*—LPR
Cough 79 (75.2%)
Throat clearing 77 (73.3%)
Dysphonia 68 (64.8%)
Mucous 64 (61%)
Globus 63 (60%)
Regurgitation to throat 57 (54.3%)
Sore throat 53 (50.5%)
Dysphagia 41 (39%)
Dyspnoea 35 (33.3%)
Non-viral bronchitis 20 (19%)
Laryngospasm 19 (18.1%)
Symptomsa—typical 3/105 (2.9%)

4Symptoms have been assessed with standardised questionnaire

Table 2 Immediate scintigraphic reflux results

N=104

Pharynx while upright

No reflux 10 (9.6%)

Falling curve 30 (28.8%)

Flat curve 14 (13.5%)

Rising curve 50 (48.1%)
Pharynx while supine

No reflux 10 (9.6%)

Falling curve 23 (22.1%)

Flat curve 3(2.9%)

Rising curve 68 (65.4%)
Proximal esophagus while upright

No reflux 10 (9.6%)

Falling curve 48 (46.2%)

Flat curve 9 (8.7%)

Rising curve 37 (35.6%)
Proximal esophagus while supine

No reflux 9 (8.7%)

Falling curve 45 (43.3%)

Flat curve 12 (11.5%)

Rising curve 38 (36.5%)

Scintigraphic time-activity curve findings in the proximal
esophagus

While upright, early scintigraphic proximal esophageal

reflux was seen in 94 patients (90.4%), and no proximal
esophageal reflux in 10 (9.6%). In those with proximal
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esophageal reflux, scintigraphic isotope curves were rising
in 37 (35.6%), flatin 9 (8.7%), falling in 48 (46.2%).

While recumbent, early scintigraphic proximal esopha-
geal reflux was seen in 95 patients (91.3%), and no proximal
esophageal reflux in 9 (8.7%). In those with reflux, scinti-
graphic isotope curves were rising in 38 (36.5%), flat in 12
(11.5%), and falling in 45 (43.3%).

Delayed phase scintigraphic findings

Images obtained two hours after ingestion of tracer dem-
onstrated delayed contamination of the pharynx in 101
patients (96.2%) and delayed contamination of the lungs in
56 patients (53.3%).

Two patients did not have any evidence of reflux of scin-
tigraphic isotope in the pharynx or proximal esophagus in
any position and had no pulmonary aspiration.

The median frequency of pharyngeal and upper esopha-
geal reflux episodes above 1.5 times background radiation
was 16 (range 0—43). The median maximum amplitude was
1.8 counts/second (range 0-8). Median area under the time-
isotope curve (AUC) was 0.9 (range 0-3.4).

Impedance-pH results

Results of 24-h ambulatory impedance-pH monitoring were
available for all 105 patients. Median Demeester score was
1.2 (range 0.8-123.3). Nine patients (8.6%) had an abnormal
Demeester score (> 14.72).

Distal esophageal impedance-pH findings

Distal esophageal impedance-pH findings are summarized in
Table 3. In the distal esophagus, median acid exposure time
(AET, %) was normal while upright, recumbent, and in both
positions. Abnormally long AET while upright (>9.7%) was
seen in 4 (4.1%) patients, abnormal AET, while recumbent

(>2.1%) was seen in 10 (10.2%) patients, and abnormal total
AET (> 6.3%) was seen in 4 (4.1%) patients.

In the distal esophagus, the median number of all reflux
episodes was normal while upright, recumbent, and in both
positions. An abnormally high amount of total reflux epi-
sodes while upright (> 67 episodes) was seen in 9 (9.1%)
patients. Median bolus clearance time (MBCT) was calcu-
lated for each patient, and the study group median was nor-
mal in all positions. Prolonged, or abnormal, MBCT, while
upright (>43 s) was seen in 1 (1%) patient, while recumbent
(>51 s) was seen in 6 (5.7%) patients, and in both positions
(>44 s) was seen in 1 (1%) patient.

Proximal esophageal impedance-pH findings

Proximal esophageal impedance-pH findings are detailed in
Table 4. In the proximal esophagus, median AET for the
study group while upright, recumbent, and in both positions
was zero. In the proximal esophagus, the median number of
reflux episodes when upright was 18 (25th and 75th quar-
tiles: 12, 29), when recumbent was 1 (25th and 75th quar-
tiles: 0, 4.5), and in both positions was 23 (25th and 75th
quartiles: 14, 32).

An abnormally high number of total reflux episodes in the
proximal esophagus when upright (> 29 episodes) was seen
in 25 (23.8%), when recumbent (>3 episodes) was seen in
30 (28.6%), and in both positions (> 31 episodes) was seen
in 27 (25.7%).

Pharyngeal impedance-pH findings

Pharyngeal impedance-pH findings are detailed in Table 5.
In the pharynx, the median number of acid refluxes was zero
in both positions. Median number of non-acid reflux epi-
sodes when upright was 0, when recumbent was 4, and total
was 5. An abnormal number of pharyngeal reflux episodes
was seen in 87 (82.9%) patients.

Table 3 MII-pH results at the

) Upright Supine Total (upright+ supine)
distal esophagus

AET (%) 0.35 (0, 1.925) 0 (0, 0.025) 0(0.3, 1.55)
Abnormal® 4/98 (4.1%) 10/98 (10.2%) 4/98 (4.1%)

Acid reflux episodes 5(2,18) 0(0,1) 6(2,22)

Non-acid reflux episodes 26 (18, 39) 3(1,6) 30 (20, 42)

All reflux episodes 40 (26, 50) 32,7 45 (29.5, 58)
Abnormal® 9/99 (9.1%) 22/99 (22.2%) 13/105 (12.4%)

MBCT (s) 15(11.5,19.5) 10 (4, 18) 14 (11, 19)
Abnormal® 1/105 (1%) 6/105 (5.7%) 1/105 (1%)

Values expressed as: median (25th, 75th quartiles)

®Abnormal AET: upright (>9.7%), recumbent (>2.1%), total (> 6.3%)

b Abnormal total reflux episodes: upright (> 67), recumbent (> 7), total (>73)
¢Abnormal MBCT: upright (>43), recumbent (>51), total (>44)

@ Springer



European Archives of Oto-Rhino-Laryngology

114

Table 4 MII-pH results at the

; Upright Supine Total (upright+ supine)
proximal esophagus
AET (s) 0(0,0) 0(0,0) 0(0,0)
Acid reflux episodes 2(0,7.5) 01(0,0.5) 3(1,9)
Non-acid reflux episodes 13 (8,21) 1(0,3) 15 (9,23)
All reflux episodes 18 (12, 29) 1(0,4.5) 23 (14, 32)
Abnormal® 25/105 (23.8%) 30/105 (28.6%) 27/105 (25.7%)

Values expressed as: median (25th, 75th quartiles)

#Abnormal total reflux episodes: upright (>29), recumbent (> 3), total (>31)

Table 5 MII-pH results at the pharynx

Upright Supine Total
(upright +recumbent)
Acid reflux episodes 0 (0, 0) 0(0,0) 0(0,0)

Non-acid reflux 0(0,2.25) 4(1,8) 5(2,10.5)
episodes

All reflux episodes 0(0,2.25) 4(1,8) 5(2,10.5)
Abnormal® 87/105 (82.9%)

Values expressed as: median (25th, 75th quartiles)
#Abnormal total reflux episodes (>0)

Novel reflux scintigraphy and impedance-pH result
correlations

Delayed contamination in the pharynx and lung

Patients with delayed scintigraphic contamination of the
pharynx had more non-acid reflux episodes in the proximal
esophagus (14, 25th and 75th quartiles: 8, 21) than those
without delayed pharyngeal contamination (8, 25th and
75th quartiles 4.5, 10) (p =0.047).

Delayed scintigraphic contamination of the pharynx
did not correlate with other impedance-pH measure-
ments. Specifically, delayed pharyngeal scintigraphic
contamination did not correlate with impedance-detected
pharyngeal reflux total episodes (p =0.491), proximal
reflux total episodes (p=0.821), or distal reflux total
episodes (p=0.725). Furthermore, it did not correlate
with the number of abnormal impedance-detected reflux
episodes in the pharynx (p =0.671), proximal esophagus
(p=0.973), or distal esophagus (p =0.435). Delayed scin-
tigraphic contamination of the pharynx did not correlate
with total AET (p=0.969).

Delayed scintigraphic contamination of the lung did
not correlate with any impedance-pH measure. Specifi-
cally, it did not correlate with pharyngeal reflux episodes
(p=0.355), proximal esophageal reflux episodes (p=0.931),
or distal esophageal reflux episodes (p =0.750). Delayed
scintigraphic contamination of the lungs did not correlate
with distal total AET (p=0.796).

Pharyngeal time-activity curves

For scintigraphic time-activity curves in the pharynx, patients
with a flat or rising curve were compared with patients with
falling curve or no reflux. Patients with a flat or rising curve
had a higher Demeester score (1.55 vs. 0.9; p=0.043), more
frequent proximal acid reflux episodes (3 vs. 0 episodes;
p=0.005), and more frequent total proximal reflux episodes
(23.5 vs. 15 episodes; p=0.046). Patients with a flat or rising
scintigraphic curve also had more frequent distal acid reflux
episodes (7.5 vs. 3 episodes; p=0.023), and a higher propor-
tion of patients exhibited an abnormally prolonged median
bolus clearance time (>43 s) (p=0.002).

Proximal esophageal time-activity curves

Patients with a flat or rising scintigraphic time-activity
curve in the upper esophagus had more pharyngeal reflux
episodes detected on impedance-pH (8 vs. 4.5; p=0.034),
and a longer MBCT (17 vs. 14 s; p=0.041).

Pharyngeal isotope curve measures

The maximal scintigraphic count in the pharyngeal time-
activity curve correlated with the number of pharyngeal
reflux episodes detected by impedance-pH (tho=0.215;
p=0.034), as well as the number of pharyngeal reflux
episodes detected by impedance-pH while recumbent
(tho=0.255; p=0.013).

The area under the pharyngeal time-activity isotope curve
(AUC) correlated with the number of pharyngeal reflux epi-
sodes detected by impedance-pH (rho=0.260; p=0.011).
Pharyngeal AUC approached statistical significance in its
positive correlation with AET in the proximal esophagus
(rtho=0.196; p=0.057).

Discussion
Symptoms of laryngopharyngeal reflux (LPR) have been

reported in up to a fifth of a Western adult population [15],
and is implicated in up to half of patients that present with
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laryngeal or voice disorders [19]. Symptoms are non-spe-
cific and may signify many different diseases such as cough
hypersensitivity syndrome, asthma, different forms of pul-
monary disease, and occupational lung disease. A discrimi-
natory test is necessary and ideally needs to be inexpensive,
accurate, and assess extra-esophageal reflux disease.

The present study reports poor sensitivity of impedance-
pH parameters in a group of LPR patients. A minority of the
studied group had abnormal Demeester score (8.6%), AET
(4.1%), distal reflux episodes (12.4%), and median bolus
clearance time (1%). Also, a minority of our patients had
distal esophageal reflux episodes considered abnormal while
upright (9.1%), recumbent (22.2%), or total (12.4%). Only
a quarter of our study group had impedance-detected reflux
episodes in the proximal esophagus considered abnormal
while upright (23.8%), recumbent (28.6%), or total (25.7%),
despite having high rates of pharyngeal contamination on
scintigraphy.

These findings suggest that normative values for imped-
ance-pH parameters in the esophagus derived from healthy
patients may not be sensitive enough to diagnose LPR. Poor
correlation has been shown between laryngeal changes
thought to be due to reflux and impedance-pH studies [20].
Investigations and treatment typically used for GERD may
not be effective in LPR, despite presumed similar physi-
ological mechanisms. Esophageal impedance-pH monitor-
ing to investigate LPR has been reported in the literature,
and similarly shows mixed results. For instance, Lee et al.
investigated 98 LPR patients esophageal (but not pharyn-
geal) impedance-pH. They reported diagnostic yields of
37.8 and 49% in single- and dual-channel impedance-pH
measurements, respectively [21]. Anandasabapathy et al.
similarly examined impedance-pH in the proximal and dis-
tal esophagus in 21 patients with globus, and found that
the symptom-associated probability (the likelihood that a
patient’s symptoms are related to reflux) was only 41.5%
for all impedance-pH detected reflux episodes [8]. These
findings suggest that impedance-pH, although useful in diag-
nosing typical esophageal GERD, may be less effective in
diagnosing extra-esophageal manifestations of reflux, such
as LPR. The expectation that abnormal reflux parameters
based on studies in heartburn patients would be valid in non-
heartburn patients appears fallacious.

Pharyngeal pH-impedance testing

Despite the low sensitivity of proximal and distal esopha-
geal impedance findings in LPR, 82.9% of our cohort of
LPR patients had an abnormal pharyngeal reflux episodes
detected by impedance monitoring, the majority of which
was supine. This may reflect the severity and purity of
our cohort. Any number of pharyngeal reflux events was
determined as abnormal in line with findings reported by
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Hoppo et al. in a series of asymptomatic patients undergoing
hypopharyngeal impedance-pH testing [15]. This threshold
for what is considered an abnormal number of pharyngeal
reflux episodes in a healthy, asymptomatic population needs
to be reinforced in further, larger studies. Zerbib et al. report
that in 46 healthy, asymptomatic patients off proton pump
inhibitors, a median of 0 pharyngeal reflux episodes was
observed, with the 95th percentile being 3 episodes [10].
Had this higher value of what is considered an abnormal
number of pharyngeal reflux episodes, the sensitivity of
impedance-pH in the pharynx would be markedly reduced.

The utility of pharyngeal pH testing is currently debated.
The diagnostic yield of the hypopharyngeal pH sensor alone
has been reported to be 41-83% in patients with suspected
LPR.[9], though a multicenter study reported a yield of 14%
for hypopharyngeal pH sensor [22]. A meta-analysis of six-
teen studies that assessed LPR with pharyngeal impedance-
pH monitoring concluded that the pharyngeal probe gives
accurate and consistent information in LPR patients when
placed within 2 cm above the UES [23]. Other studies have
assessed the use of pharyngeal probe, but none have com-
pared pH measure against other investigative modalities.

Oropharyngeal pH testing alone (Dx-pH measuring
system, Restech) has similarly been reported to have poor
sensitivity in studies that cross-examine its sensitivity with
standard impedance-pH testing [24]. Oropharyngeal pH
monitoring measures only acid reflux events, with the major-
ity of the drops in pH detected by Restech Dx-pH reported
to not correlate with retrograde flow in the esophageal body
[25]. This technology remains unproven, and is likely only
to demonstrate a minority of reflux events as events are fre-
quently non-acidic. Additional limitations of pharyngeal
impedance-pH testing for LPR include cost, unavailability
in many centres, and inconvenience to the patient [3]. Zer-
bib et al. have described poor inter-observer agreement for
impedance-pH measurements in the pharynx [10]. Hence,
impedance-pH measurements in the proximal esophagus and
pharynx should be interpreted with caution in the context of
LPR investigation.

Value of digital scintigraphy

In the present cohort of symptomatic LPR patients, the
majority had both early (90.4%) and delayed (96.2%) evi-
dence of scintigraphic contamination of the pharynx. The
present scintigraphic technique has been validated in a
cohort with severe reflux disease who had undergone fun-
doplication [11, 12]. The present yield is higher than that
reported by Bestetti et al., who reported positive reflux scin-
tigraphy in 67% of a cohort of patients with posterior lar-
yngitis [26]. However, the same digital technique of scinti-
graphic assessment was not used. Galli and colleagues report
82.9% yield in 41 patients with LPR, but again, the technique
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differed [27]. Older studies used an outdated visual reporting
system, whereas the present study contained scintigraphic
data which was standardised and digitally interrogated, tak-
ing account of background radiation.

Digital reflux scintigraphy has various advantages com-
pared with catheter-based tests. The initial scintigraphic
assessment takes thirty minutes, with a two hour period
between assessment in the immediate and delayed phases.
Each reflux scintigraphy investigation exposes the patient to
under 80 micro-sieverts, less than a chest x-ray. However,
reflux scintigraphy has limitations as well: the test does not
concurrently measure pH and cannot distinguish between
acid and non-acidic reflux. The number of reflux episodes
detected is over a thirty minute window, as opposed to a 24-h
period as in impedance-pH monitoring, and would not cap-
ture nocturnal recumbent reflux episodes. It does, however,
assess a two hour period of erect events by the delayed study.

Pharyngeal impedance measurements were positional.
Most impedance-detected pharyngeal reflux episodes were
in the supine position. This may be due to the catheter
lying posteriorly in the pharynx while supine and detect-
ing dependent posterior reflux events more readily. Poste-
rior pharyngeal contact with the impedance channel may be
lost while upright, and impedance measurements may not
be detected. This may explain the finding that the number
of reflux episodes detected by impedance-pH in the proxi-
mal esophagus, but not the pharynx, correlated with delayed
pharyngeal contamination on scintigraphy. Delayed phar-
yngeal scintigraphy also correlated with supine impedance-
detected reflux events in the pharynx, indicating that phar-
yngeal supine impedance is a useful test for LPR.

Despite more than half the cohort demonstrating pulmo-
nary contamination with refluxed isotope, no impedance-pH
measurement correlated with these findings. This indicates
that measurement of pharyngo-esophageal impedance and
pH cannot detect microaspiration, whereas scintigraphy can
detect these microaspiration events two hours after reflux to
the larynx has occurred.

The correlation between flat or rising pharyngeal time-
activity curves with Demeester score, proximal acid epi-
sodes, total acid reflux episodes, and distal reflux suggest
good concordance between scintigraphic time-activity
curves in the pharynx and upper esophagus and impedance-
pH measurements. These correlations further support digital
scintigraphy as a valid technique to assess pharyngeal reflux
contamination.

Given that the amplitude of the scintigraphic time-activity
curve is proportional to the amount of refluxed gastric con-
tent and the integral of the curve (AUC) is proportional to
the product of the amount of reflux and its duration [26], it is
not surprising that the number of impedance-detected reflux
events in the pharynx correlated with both measures. These

findings confirm the association of impedance frequency in
the pharynx and AUC in the pharynx.

Conclusion

Digital reflux scintigraphy was strongly positive in a symp-
tomatic, pure group of LPR patients, with yields in the phar-
ynx in the early phase of 90.4% and in the delayed phase of
96.2%. Supine impedance-pH demonstrated a lower rate of
positivity, with abnormal reflux detected in 82.9% at the
pharynx. A high likelihood of pulmonary microaspiration
was found in LPR, demonstrated by scintigraphy but not by
impedance monitoring. Scintigraphic time-activity curves
correlated well with existing impedance-pH measurements.

Digitally-interrogated reflux scintigraphy may offer prac-
titioners an easily performed test for confirmation of LPR,
identifying most patients with this condition when laryn-
goscopy has not been diagnostic. A high rate of pulmonary
aspiration in LPR was identified, and is only demonstrable
by this technique. Further validation of digital reflux scin-
tigraphy is warranted.
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Abstract

Introduction Previously described methodologies for detecting laryngopharyngeal reflux (LPR) have limitations. Symptoms
alone are non-diagnostic, and pH-impedance studies have poor sensitivity. Pulmonary micro-aspiration is under-recognised
in LPR and gastro-esophageal reflux disease (GERD). The present study aimed to describe the results of a modified tech-
nique for scintigraphic reflux studies in two groups with severe reflux: those with typical reflux symptoms and those with
laryngopharyngeal manifestations of reflux.

Methods A prospective database of severely symptomatic, treatment-resistant reflux patients was grouped based upon pre-
dominant symptom profile of typical GERD or LPR. All patients underwent reflux scintigraphy. Results were obtained for
early scintigraphic reflux contamination of the pharynx and proximal esophagus, and delayed contamination of the pharynx
and lungs after 2 h.

Results 187 patients were studied (82 GERD, 105 LPR). The LPR patients were predominantly female (70.5% vs. 56.1%;
p=0.042) and older than the GERD group (median age 60 years vs. 55.5 years; p =0.002). Early scintigraphic reflux was
seen at the pharynx in 89.2% (GERD 87.7%, LPR 90.4%; p=0.133), and at the proximal esophagus in 89.7% (GERD 88.9%,
LPR 90.4%; p=0.147). Delayed contamination of the pharynx was seen in 95.2% (GERD 93.9%, LPR 96.2%; p =0.468).
Delayed pulmonary aspiration was seen in 46% (GERD 36.6%, LPR 53.3%; p=0.023).

Conclusion Reflux scintigraphy demonstrated a high rate of reflux-related pulmonary aspiration. Contamination of the
proximal esophagus and pharynx was observed frequently in both groups of severe disease. The likelihood of pulmonary
aspiration and potential pulmonary disease needs to be entertained in severe GERD and LPR.

Keywords Laryngopharyngeal reflux - Impedance monitoring - Reflux scintigraphy - Aspiration - Gastro-esophageal reflux
disease

Introduction

Gastro-esophageal reflux disease (GERD) refers to the prox-
imal reflux of gastric contents into the esophagus causing
troublesome symptoms, typically heartburn and regurgita-
tion. Laryngopharyngeal reflux (LPR) is caused by reflux
B4 Jin-soo Park into the larynx and pharynx, and is associated with “atypi-
Jinsoopark91@gmail.com cal”, extra-esophageal symptoms such as chronic cough,
Department of Surgery, Concord Repatriation General hoarseness, and dysphonia. The Montreal consensus con-
Hospital, Sydney, NSW, Australia siders both GERD and LPR as reflux phenomena, and report
School of Medicine, University of Notre Dame, Sydney, that chronic cough, microaspiration, and asthma are signifi-
NSW, Australia cantly associated with GERD [1]. Furthermore, microaspira-
tion is associated with pulmonary fibrosis, graft rejection in
lung transplantation, and recurrent lung infection [2].
Reflux events are typically investigated with multichan-
nel intraluminal impedance (MII) and pH monitoring.

3 CNI Meadowbank, Sydney, NSW, Australia
University of Sydney, Sydney, NSW, Australia
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Liquid boluses decrease the electrical impedance between
electrodes along a naso-esophageal catheter, hence detect-
ing reflux events. The pH of refluxed boluses is simultane-
ously measured, detecting acid and non-acid reflux event
frequency over a 24-h period [3].

There is currently no optimal diagnostic method in the
investigation of reflux events that occur outside of the
esophagus. Standard technology used in the pharynx suf-
fers problems of drying, loss of probe contact from pharyn-
geal or upper esophageal mucosa causing “pseudo-reflux”
artifact [4], and poor inter-observer reproducibility in the
interpretation of LPR findings on MII-pH [5]. Oropharyn-
geal pH testing (Restech) measures only acid events, and has
been shown to be less sensitive than MII-pH and with lower
symptom association probability [6].

Reflux scintigraphy is an investigation which has the
potential in LPR to provide quantifiable evidence of reflux-
ate in the esophagus, pharynx, sinuses, and lungs [7]. A
modified technique of reflux scintigraphy uses technetium-
99m (Tc-99m) phytate, which is not absorbed by the gut,
which minimises scattered radiation that may lead to impre-
cise measurement. Tc-99m phytate does not have problems
with high background on delayed images that are as apparent
as Tc-99m DTPA. As little as 0.1 MBq of activity in the
lungs can be detected by the gamma camera, increasing sen-
sitivity of detecting microaspiration of refluxate [8]. Nuclear
scintigraphy is safe and well tolerated. It allows direct visu-
alisation of refluxed tracer in the laryngopharynx, sinuses,
and lungs. The methodology and validity of the scintigraphic
technique in qualitatively detecting LPR has been previously
reported [8, 9]. Normative values for the current modified
scintigraphic technique has demonstrated that no healthy,
asymptomatic volunteers demonstrated supine reflux or pul-
monary aspiration [10].

There has been no direct comparison of scintigraphic
results in GERD and LPR patients. Furthermore, there are
no quantitative analyses of reflux scintigraphy reported that
specifically assess scintigraphic counts at the laryngophar-
ynx and proximal esophagus in a cohort of LPR patients.
The present study aimed to examine the extent of reflux
distribution using a new scintigraphic reflux technique in
two groups of patients with severe treatment-resistant reflux
disease: those with predominantly typical GERD symptoms

and those with predominantly LPR manifestations.

86

87

88

89
90

Methods
Patient Selection and Data Collection
A prospective database of consecutive patients with

severely symptomatic, treatment-refractory GERD and
LPR, who had been referred to a surgical diagnostic

@ Springer

facility for consideration of treatment, was maintained.
Patients had previously undergone multidisciplinary ter-
tiary investigation for alternate diagnoses. Standardised
symptom assessments were undertaken to characterize
GERD and LPR, and individuals were assigned a predomi-
nant symptom category prior to investigation. All patients
underwent ambulatory, 24-h MII-pH testing with a spe-
cialised 2.3 mm diameter trans-nasal catheter designed
to detect laryngopharyngeal reflux events. (ZAI-BL-56,
Zephyr device, Sandhill Co, Highlands Ranch, Colorado,
USA).

Reflux Scintigraphy Technique

The present protocol for quantitative reflux scintigraphy
has previously been described and validated [8, 9, 11].
Patients were fasted for 12 h and proton pump inhibitors
ceased 24 h prior to reflux scintigraphy. Whilst upright,
patients were positioned in front of a Hawkeye 4 gamma
camera (General Electric, Milwaukee, USA) with mark-
ers placed on the mandible and overlying the stomach to
ensure regions of interest were within study field.

Patients swallowed 50 mL of water with 60 MBq of
Tc-99m phytate, followed by a further 50 mL of water
to flush the pharynx and esophagus of isotope. Early,
dynamic images of the upright laryngopharynx, esopha-
gus, and stomach were obtained for 2 min at 15 s per frame
whilst upright. Patients were positioned supine immedi-
ately afterwards, and dynamic images were obtained for
30 min at 30 s per frame. These images detected early
reflux of tracer at the esophagus and laryngopharynx.
Delayed images were acquired 2 h following administra-
tion of Tc-99m phytate to assess tracer contamination of
the laryngopharynx (Fig. 1) and lungs.

Fig. 1 Sagittal view of combined SPECT-CT demonstrating contami-
nation of pharynx with radioactive colloid 2 h after ingestion
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Reflux Scintigraphy Interpretation

Scintigraphic counts were quantified for each dynamic
study using a computer-generated algorithm and graphi-
cally expressed as a separate time-activity curves for the
pharynx and proximal esophagus whilst upright and supine.
Time-activity curves represented early reflux activity in the
pharynx and esophagus. Time-activity curves were classi-
fied as showing no reflux, a falling curve, flat curve, or ris-
ing curve (Fig. 2). This represented a dynamic balance of
repeated contamination versus clearance of isotope from the
pharynx or esophagus.

Area under the curve (AUC) and maximal amplitude of
scintigraphic count were obtained. The amplitude reflected
the volume of the bolus of refluxate that entered the pharynx
and the frequency quantified the number of reflux episodes
in the study period. The ratio of area under the curve to
background radiation reflected the dynamic equilibrium of
volume and frequency of refluxate and the effectiveness of
esophageal clearance mechanisms.

Ethical Consideration

Data were extracted from a research database of patients
with GERD/LPR pathology which had been approved by
the Sydney Local Health District Human Research Eth-
ics Committee (reference: LNR/12CRGH/248; approval

mw

05/12/2012). Patients gave written informed consent for the
study under the institutional ethics committee guidelines.

Statistical Analysis

SPSS version 24.0 (IBM Corp, NY) was used for statisti-
cal analysis. Data were confirmed to be non-normally dis-
tributed with Shapiro—Wilk test. Non-parametric data were
expressed as medians and ranges. Proportions of nominal
and ordinal data were compared with the Chi-squared test.
Non-parametric continuous variables were compared with
the Mann—Whitney U test for two variables, or Kruskal-Wal-
lis test for more than two variables. The threshold for signifi-
cance was p <0.05.

Results
Clinical

187 consecutive patients were studied, with 82 patients hav-
ing GERD-predominant symptoms and 105 patients with
LPR symptoms. There were 67 males (35.8%) with a median
age of 58 years (range 15-87 years). All patients in the
GERD group reported heartburn as the predominant symp-
tom. Table 1 shows the symptoms described by the LPR
group. The most common symptom of laryngopharyngeal
reflux was cough (n=79, 75.2%), followed by throat clear-
ing (n="77, 73.3%). Only three patients (2.9%) in the LPR
group described a history of typical symptoms of gastro-
esophageal reflux disease, namely heartburn, with all three
confirming that their extra-esophageal symptoms troubled

Table 1 Patient demographics and clinical findings

Male sex 67 male, 120 female
8 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 .
s Age (Median, range) 58 (15-87)
GERD group 82
LPR group 105
LPR symptoms
Cough 79 (75.2%)
g Throat clearing 77 (73.3%)
"gj Dysphonia 68 (64.8%)
3 Mucous 64 (61%)
° Globus 63 (60%)
Regurgitation to throat 57 (54.3%)
"8 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 Sorethm_at 53 (50.5%)
min Dysphagia 41 (39%)
Dyspnoea 35(33.3%)
Non-viral bronchitis 20 (19%)
Fig. 2 Time-a.ct.ivity scintigraphy curves demonstrating: a falling Laryngospasm 19 (18.1%)
curve, and b rising curve
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them most. In the whole cohort, five patients were aware of
clinical episodes of aspiration.

In the GERD group there were 36 males (43.9%) with a
median age of 55.5 years (range 15-82 years). In the LPR
group there were 31 males (29.5%) with a median age of
60 years (range 20-87 years). The LPR group had a sig-
nificantly higher proportion of females (p=0.042) and were
significantly older (p=0.002) than the GERD group.

Reflux Scintigraphy Results

Scintigraphic time-activity curve data were unavailable for
one patient, whose results were uninterpretable for techni-
cal reasons. The test was not repeated and the patient was
excluded from analysis.

Scintigraphic Time-Activity Curve Findings in the Pharynx/
Laryngopharynx

In the pharynx/laryngopharynx, early scintigraphic reflux
was seen in 165 (89.2%) of the study population whilst
upright and 166 (89.2%) whilst recumbent. Scintigraphic
reflux in the pharynx/laryngopharynx between the two
groups whilst upright and recumbent are described in
Table 2. Whilst upright, early reflux was seen in the GERD
group in 71 (87.7%) patients, and in the LPR group in 94
(90.4%) patients. Whilst recumbent, early reflux was seen
in the GERD group in 72 (87.8%) patients, and in the LPR
group in 94 (90.4%) patients.

In the laryngopharynx, there was no difference between
GERD and LPR groups in their proportions of patients who
had falling, flat, or rising curves.

Table 2 Early scintigraphic findings in the pharynx

Scintigraphic Time-Activity Curve Findings in the Proximal
Esophagus

In the proximal esophagus whilst upright, scintigraphic
reflux was seen in 166 (89.7%) of the study population
whilst upright and 168 (90.8%) whilst recumbent. Scin-
tigraphic reflux in the proximal esophagus between the
two groups whilst upright and recumbent are described
in Table 3. Whilst upright, early reflux was seen in the
GERD group in 72 (88.9%) patients, and in 94 (90.4%)
patients of the LPR group. When recumbent, the GERD
group showed early reflux in 73 (89%) patients, and in the
LPR group, early reflux was seen in 95 (90.5%) patients.
In the proximal esophagus, there was no difference
between GERD and LPR groups in proportions of patients
with falling, flat, or rising curves. Early scintigraphic find-
ings in the proximal esophagus are shown in Table 3.

Delayed Phase Scintigraphic Findings

Delayed contamination of the laryngopharynx was seen in
178(95.2%) of the whole group. Delayed laryngopharyn-
geal contamination was seen in 77 (93.9%) of the GERD
group and 101 (96.2%) of the LPR group; this was not
significantly different (p =0.468).

Radiolabelled tracer contamination of the lungs, indi-
cating pulmonary microaspiration, was seen in 86 (46%)
of the whole group on delayed studies. A significant dif-
ference was seen in pulmonary aspiration between GERD
patients, 30 (36.5%) and LPR patients, 56 (53.3%) who
showed pulmonary aspiration (p =0.023).

Table 3 Early scintigraphic findings in the proximal esophagus

GERD LPR p value GERD LPR p value
Upright 0.133 Upright 0.147
No reflux 10 (12.3%) 10 (9.6%) 0.636 No reflux 9(11.1%) 10 (9.6%) 0.740
Falling curve 21 (25.9%) 30(28.8%) 0.741 Falling curve 33(40.7%) 48 (46.2%)  0.462
Flat curve 6 (7.4%) 14 (13.5%)  0.236 Flat curve 7 (8.6%) 9 (8.7%) 0.998
Rising curve 44 (54.3%) 50(48.1%) 0.459 Rising curve 32 (40%) 37 (35.6%) 0.584
No reflux or falling curve 31 (38.3%)  40(38.5%)  1.000 No reflux or falling curve 42 (51.9%) 58 (55.8%)  0.596
Flat or rising curve 50 (61.7%) 64 (61.5%) 1.000 Flat or rising curve 39(48.1%) 46 (44.2%) 0.596
Recumbent 0.244 Recumbent 0.362
No reflux 10 (12.2%) 10 (9.6%) 0.573 No reflux 9 (11%) 9 (8.6%) 0.595
Falling curve 18 (22%) 23 (22.1%)  0.979 Falling curve 29 (35.4%)  45(429%) 0.274
Flat curve 3(3.7%) 3(2.9%) 0.767 Flat curve 9(11%) 12 (11.4%)  0.670
Rising curve 51 (62%) 68 (65.4%)  0.653 Rising curve 35(42.7%) 38 (36.2%) 0.470
No reflux or falling curve 28 (34.1%) 33 (31.7%) 0.728 No reflux or falling curve 38 (46.3%) 54 (51.4%)  0.507
Flat or rising curve 54 (65.9%) 71(68.3%) 0.728 Flat or rising curve 44 (53.7%) 50 (47.6%) 0.507
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Scintigraphy Curve Measures

The median frequency of pharyngeal and upper esophageal
reflux episodes above 1.5 times background radiation was 16
(range 0-60) in the GERD group and 16 (range 0—43) in the
LPR group; this was not significantly different (p=0.853).
The median maximum amplitude was 1.7 counts/second
(range 0-10) in the GERD group and 1.8 (range 0-8) in the
LPR group, which was not significantly different (p=0.624).
Median area under the time-isotope curve (AUC) was 0.8
(range 0-3.6) in the GERD group and 0.9 (range 0-3.4) in
the LPR group, which was also not significantly different
(p=0.551).

Discussion

Symptoms of laryngopharyngeal reflux (LPR) are thought
to occur through the direct effects of gastroduodenal diges-
tive proteins such as pepsin and bile salts irritating laryn-
gopharyngeal mucosa [12]. Asthma-like symptoms such as
bronchoconstriction or cough may also be triggered by a
vagally-mediated esophago-bronchial reflex when the distal
esophagus is exposed to acid [13].

There is presently no generally accepted standard opti-
mal methodology that diagnoses LPR. The Reflux Finding
Score (RFS) is an eight-item severity scale based on laryn-
goscopic findings of laryngeal injury described by Belafsky.
A score greater than seven is considered compatible with
a diagnosis of LPR [14]. However, laryngoscopic findings
have questionable specificity. Even within the same study
described by Belafsky, age-matched control subjects without
LPR had a mean RFS of 5.2. Furthermore, abnormal laryn-
goscopic findings have frequently been reported in asympto-
matic, healthy patients in population studies [15-17]. Also,
inter-observer reliability of laryngoscopic findings has been
shown to be low [18].

Combined esophageal multichannel intraluminal imped-
ance (MII) and pH testing similarly appeared to have poor
utility in investigating laryngopharyngeal reflux [19]. Distal
esophageal measurement of reflux has not been found to be
useful in assessing laryngopharyngeal sequelae. Lee et al.
examined esophageal luminal impedance and pH values in
a group of patients with LPR symptoms, and reported diag-
nostic yields of only 37.8% in single-channel and 49% in
dual-channel MII-pH measurements [3].

In the present study, reflux scintigraphy demonstrated
excellent yield for directly visualising reflux phenomena in
real time to the levels of the proximal esophagus and phar-
ynx. This was seen in both groups of patients with severe
symptoms likely to have a high pre-test probability of dis-
ease. Reflux scintigraphy showed a high rate of abnormal
reflux in the upright pharynx and proximal esophagus in

90.4% of our LPR patients. These yields are different from
other studies in the literature. Bestetti and colleagues per-
formed reflux scintigraphy with a different technique in 201
patients with posterior laryngitis and reported early scin-
tigraphic reflux in 66.6% of their group, 51.7% had scinti-
graphic reflux to the pharynx, 14.9% had scintigraphic reflux
to the distal esophagus only. Laryngoscope-confirmed poste-
rior laryngitis is likely on the severe end of the spectrum of
LPR, it is therefore unsurprising that a high level of pharyn-
geal contamination was identified [20]. Galli et al. performed
reflux scintigraphy with a different technique on 41 patients
with LPR symptoms and reported a yield of 82.9% of their
cohort as having morphofunctional pathologic patterns on
reflux scintigraphy, though these pathologic patterns were
not clearly defined [21]. Reflux scintigraphy appears to be
sensitive in detecting sequalae of LPR in a cohort of patients
with a high clinical probability of disease.

The GERD and LPR groups had similar rates of early
and delayed pharyngeal contamination. The fact that both
groups had demonstrable reflux of scintigraphic tracer to the
upper aerodigestive tract is not surprising, as both groups
were treatment resistant. Differing symptom profiles related
to refluxed gastric contents may be due to variation in per-
ception of symptoms, rather than the severity, frequency,
or duration of acid exposure [22]. Studies have suggested
that central and peripheral neural mechanisms may modu-
late esophageal perception [23], and there was a demon-
strable lesser reflux exposure in the LPR group in the distal
esophagus.

Delayed scintigraphic contamination of the lungs was
seen in 46% of patients in this cohort, with a significantly
greater incidence in the LPR group of patients versus the
GERD group. Pulmonary aspiration was largely asympto-
matic, with a single patient reporting an aspiration event.
Other studies have found scintigraphic pulmonary aspiration
to be of variable frequency in patients with GERD, rang-
ing from 15 to 26% [7, 20]. The rate of pulmonary aspira-
tion in the present GERD group was higher than historical
figures. This may reflect a silent group of aspirators that
have previously not been identified. Other possibilities are
improved sensitivity of the modified scintigraphy technique,
or a more severely diseased population examined that are
silently aspirating, and have symptoms masked by severe
GERD-predominant symptoms. The increased reporting
may also be due to a higher sensitivity of detecting small
volumes of aspirated radioactive material against less back-
ground activity, as technetium-99m DTPA, which has a high
volume of distribution and higher background contribution,
was not used.

Between the LPR and GERD groups, reflux scintigra-
phy parameters such as reflux episode frequency, AUC,
and maximal amplitude were similar. Bestetti et al.
reported that pharyngeal refluxers, when compared with
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distal esophageal refluxers, had significantly more reflux
episodes, longer duration of most severe episode, and
overall duration of episodes. The present study differed to
that of Bestetti et al. in some ways. Crucially, we did not
define the duration of the reflux event for inclusion, unlike
the other study, so Bestetti’s cohort may have contained
more patients with elevated acid exposure time (AET).
Previous studies by the authors have demonstrated a delay
in clearance by MII-pH methodology congruent with data
by Bestetti et al. [20] indicative of this being a factor in
pathogenesis of disease.

The LPR group being relatively older may be due to a
longer diagnostic period from onset of symptoms to inves-
tigation and diagnosis. Unlike GERD, LPR is less well-
defined, and with wider range of symptoms covering mul-
tiple systems [24]. Symptoms such as chronic cough may
have many different aetiologies, and many LPR patients
have typically seen multiple different specialties, typically
otorhinolaryngologists and respiratory physicians.

The higher rate of females in this cohort of LPR patients
may reflect an increased likelihood that females are more
likely to seek medical attention for symptoms [25], or pos-
sibly a truly higher female incidence of disease.

Reflux scintigraphy has limitations. It does not simulta-
neously assess pH and does not distinguish between acidic
and non-acidic reflux events. Reflux episodes are detected
in a 30-min window, and not a 24-h period such as with
impedance-pH assessment. It does, however, assess a 2-h
period of erect events in the delayed contamination study.

Conclusion

Using a modified technique of reflux aspiration scintigra-
phy, we detected a high rate of pharyngeal contamination
and pulmonary reflux microaspiration in tertiary referral
patients with a high pre-test probability of LPR, as well
as severe, treatment-resistant GERD. Proximal regurgita-
tion events were not different between treatment-resist-
ant GERD symptomatic patients and LPR symptomatic
patients. The present modified scintigraphic technique may
be valuable in the positive diagnosis of LPR, and may lead
to early diagnosis. The technique may be useful in investi-
gating pulmonary symptomatology in reflux patients, espe-
cially in LPR patients, where the frequency of pulmonary
microaspiration was significantly higher.
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Abstract

Background Gastro-esophageal reflux disease (GERD) can present with typical or atypical or laryngo-pharyngeal reflux
(LPR) symptoms. Pulmonary aspiration of gastric refluxate is one of the most serious variants of reflux disease as its com-
plications are difficult to diagnose and treat. The aim of this study was to establish predictors of pulmonary aspiration and
LPR symptoms.

Methods Records of 361 consecutive patient from a prospectively populated database were analyzed. Patients were catego-
rized by symptom profile as predominantly LPR or GERD (98 GER and 263 LPR). Presenting symptom profile, pH studies,
esophageal manometry and scintigraphy and the relationships were analyzed.

Results Severe esophageal dysmotility was significantly more common in the LPR group (p=0.037). Severe esophageal
dysmotility was strongly associated with isotope aspiration in all patients (p =0.001). Pulmonary aspiration on scintigraphy
was present in 24% of patients. Significant correlation was established between total proximal acid on 24-h pH monitoring
and isotope aspiration in both groups (p <0.01). Rising pharyngeal curves on scintigraphy were the strongest predictors of
isotope aspiration (p <0.01).

Conclusions Severe esophageal dysmotility correlates with LPR symptoms and reflux aspiration in LPR and GERD. Abnor-
mal proximal acid score on 24-h pH monitoring associated with pulmonary aspiration in reflux patients. Pharyngeal con-
tamination on scintigraphy was the strongest predictor of pulmonary aspiration.

Keywords LPR - GERD - Reflux aspiration - Esophageal motility - Scintigraphy

Background and purpose

Gastro-esophageal reflux disease (GERD) can present in a
number of ways and atypical symptoms are frequently dif-
ficult to diagnose as reflux and treat. Common symptoms of
GERD include heartburn and regurgitation, whilst cough,
sore throat, recurrent pneumonia, globus, and hoarseness
are generally regarded as “atypical” symptoms. Based on
the symptom profile, GERD is sub-classified as esophageal
or extraesophageal [1]. Laryngo-pharyngeal reflux (LPR)
is believed to be caused by the contamination of the larynx
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and pharynx with gastric contents. Symptoms of chronic
cough, throat clearing, and globus sensation are non-specific
and can be attributed to other conditions [2, 3]. Currently,
there is no reference standard for the diagnosis of LPR.
Proximal pH monitoring is deficient technically as many of
the proximal reflux episodes are non-acidic and cannot be
reliably measured in the pharynx. Findings of impedance
reflux measurements in the upper esophagus, even though
not dependent on acid measurement, are often difficult to
interpret [4]. Furthermore, none of the above methods have
been validated in the diagnosis of cough. Untreated LPR
with recurrent upper airway contamination can have seri-
ous consequences which range from paradoxical vocal cord
motion to laryngeal stenosis, asthma, recurrent pneumonia,
pulmonary fibrosis, and laryngeal malignancy [5, 6]. The
current algorithms for work-up for GERD and LPR include
history and physical examination, trans-nasal laryngoscopy
and gastro-intestinal endoscopy, 24-h pH monitoring, esoph-
ageal impedance, esophageal manometry, barium swallow,
and scintigraphy; none of which is definitive [7-9].
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Ineffective esophageal motility (IOM) has been thought to
be a major factor in GERD and LPR [10, 11]. However, the
exact role of the IOM has not been established [12-14]. We
present the findings of esophageal manometry, dual-channel
24-h pH monitoring, and scintigraphy in two clinically dis-
tinct groups of patients classified as LPR or GERD.

We hypothesized that severe esophageal dysmotility is an
important determinant of LPR and lung aspiration of reflux-
ate. This hypothesis was tested in 361 consecutive patients
with resistant to medical management reflux referred for
surgical opinion.

Patients and methods
Patient population

Data were extracted from prospectively populated research
database containing records of patients with GERD that was
approved by the University of Notre Dame Australia Human
Research Ethics Committee (019091S) on 23rd of July 2019.
This study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki. All patient provided informed
written consent to participate in research.

A senior surgical consultant assessed all patients and
prospectively clinically categorized their symptoms as pre-
dominantly GERD or LPR based on the dominant symptom.
Consecutive patients with symptoms typical of GERD (pre-
dominant heartburn, and chest pain) or LPR (predominant
cough, throat clearing, voice change, laryngospasm, recur-
rent pneumonia, mucus sensation and globus) who under-
went esophageal manometry, pH studies, and scintigraphy
were included. All patients had been referred for surgical
consideration to a tertiary referral center due to severity of
symptoms and/or resistance to maximal medical therapy.
The cohort is, therefore, highly selected with a high pre-test
probability of severe GERD/LPR.

pH Monitoring

Antimony crystal dual-channel catheters and Digi trapper
Mark III recorder (Medtronics, Synectics Medical, Minne-
apolis, Minnesota, USA) were used for pH monitoring and
data collection as a part of assessment process. The distal
esophageal probe was placed 5 cm above the manometrically
identified upper border of lower esophageal sphincter, and
the proximal probe placed 15 cm above the distal probe.
pH data were analyzed using the Synectics PW esophagram
reflux analysis module (Medtronics, Synectics Medical,
Minneapolis, Minnesota, USA). Monitoring was conducted
in ambulatory settings.

@ Springer

Manometry

Esophageal manometry was performed using a standard
technique with a water-perfused dent sleeve eight-channel
catheter (Dent Sleeve International, Mississauga, Ontario,
Canada). Data were recorded with a multichannel record-
ing system (PC polygraph HR Medtronics, Synectics Medi-
cal, Minneapolis, Minnesota, USA). Analysis of esopha-
geal motility was done by the PolyGram software program
(Medtronics, Synectics Medical, Minneapolis, Minnesota,
USA). Esophageal motility was classified as normal (less
than two ineffective swallows), mild ineffective esophageal
motility (IOM) (2-3 swallows with ineffective peristalsis),
moderate IOM (4-5 swallows with ineffective peristalsis),
or severe IOM (six or more swallows with ineffective peri-
stalsis) using criteria modified from Kahrilas et al. [10, 11].

Scintigraphy

Scintigraphy was conducted using computer-generated iso-
tope counting minimizing potential inter-observer bias. This
particular method of scintigraphy in diagnosis of GERD and
LPR has been previously described in detail and validated by
this group, and control values have been published [8, 9, 15].
Patients were fasted overnight and then placed before Hawk-
eye 4 gamma camera (General Electric, Milwaukee, United
States) with stomach, chest, and upper airway in the field
of view. Patients were administered 40-60 MBq of 99mTc
DTPA diluted in 150 ml of water, followed by a 50-ml water
to promote clearance of isotope from pharynx and esopha-
gus. Images were obtained for 2 min at 15 s per frame into a
64 X 64 matrix, followed by a 30-min dynamic image while
supine for 30 s per frames. Aspiration was proven on delayed
images at 2 h by the presence of isotope in the lungs (Fig. 1).
Isotope time-activity curves (Fig. 2) were recorded for the
pharynx and upper esophagus supine and erect, and classi-
fied as falling, flat, or rising curves (Fig. 3). It was consid-
ered that a falling curve reflected clearance of refluxate and
rising curve accumulation of refluxate.

Statistical analysis

Data analysis was undertaken using nonparametric sta-
tistical methods as much of the analysis was of ordinal
data with multiple studies for each patient. Analysis of
variance (ANOVA), Mann—Whitney U test, Student’s ¢
test, Fisher’s exact test, and Pearson/Spearman correla-
tion coefficient (two-tailed) with significance levels of
0.05 were utilized. Receiver-operating characteristics
(ROC) were assessed to evaluate the best predictors for
pulmonary aspiration. Cluster analysis of the principal
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volume reflux contamination)
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Fig.3 Typical graphic analysis showing computer-generated count
for isotope contamination in the pharynx. To the left of the screen,
there are scintigraphic images marked for counting and to the right
of the screen graphs showing results for the areas marked. Y-axis

variables was undertaken to evaluate linkages between
ten key variables and for the groups (LPR vs. GERD).
Cluster analysis is a multivariate procedure for detecting
natural groupings in data [16]. Euclidean distance (root-
mean-squared) was utilized and displayed as a vertical
icicle plot. Univariate and multivariate analyses were
used to evaluate possible etiologies of dominant symp-
tom profiles (LPR vs. GERD). The Statistica V8 software
(Statsoft, Oklahoma, United States) package was used for
data analysis.
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reflects isotope count and X-axis reflects time of study. Panel A show-
ing clearly rising isotope count (contamination due to reflux), whilst
panel B showing flat count (no evidence of reflux reaching pharynx)

Results
Population and clinical data

Inclusion criteria were met by 361 patients (223 female
and 138 male). The mean age was 60.8 years (SD 14.6;
range 16-90 years). There were 98 patients in the GERD
subgroup (47 female and 51 male) with average age of
56 years (SD 13.61, range 23-84). The LPR subgroup
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Table 1. Demographic GERD LPR All patients
characteristics and summary
of the main ﬁndings of this Number of patients
Is)trl;%}i:(gx;;rl%mg to the symptom Male 51 176 227
Female 47 87 134
Total 98 263 361
Age
Average 56 63 60.8
SD 13.61 14.95 14.6
Range 23-84 16-90 16-90
LOS pressure mean (mmHg)? 74 6.9 7.0
(95% CI 6.1-7.8)
Severe IOMP®
n 29 105 134
% 28% 40% 37%
Pulmonary aspiration®
n 19 75 94
% 19% 29% 26%
24-h pH proximal acid exposure*
n abnormal 32 71 103
Mean time %/24 h (SD) 0.9% (SD 4.3) 1.9% (SD 6.4) 1.8% (SD 6.2)

*Reduced LOS was associated with pulmonary aspiration (p=0.001) and proximal esophageal acid expo-

sure (p=0.019)

bSignificant difference between the groups (p=0.037)
“Result did not reach statistical significance (p =0.08)

dProximal esophageal acid exposure on 24-h pH monitor was associated with pulmonary aspiration

(p=0.003)

included 263 patients (176 female and 87 male) and mean
age of 63 years (SD 14.95, range 16-90).

Patient demographic data and key results are summarized
in Table 1.

Manometry

The outstanding feature of manometric findings was that
40% of the LPR group patients had severe IOM compared
with 28% in the GERD group. This was a significant differ-
ence (p=0.037). Normal esophageal motility was found in
48% with LPR symptoms and in 60% with GERD symp-
toms, and was not statistically significant.

The mean lower esophageal sphincter pressure was
reduced at 7.0 mm Hg (Median 3.4, SD 8.1 (95% CI 6.1-7.8)
mm Hg). No significant difference was found between the
LPR and GERD groups for mean LOS pressure.

Manometry: correlations between IOM, aspiration,
and symptom profile

Severe IOM was strongly associated with isotope aspiration
in both groups (p=0.001).

There was a strong correlation (Spearman) between IOM
and isotope curves in the pharynx and upper esophagus both
when supine and upright (p <0.01).

Significantly more rising isotope activity curves (grade
3) were demonstrated in patients with LPR than with GERD
symptoms (p =0.0017). There was, however, no statisti-
cally significant difference in isotope aspiration between
the groups (p=0.08).

Reduced lower esophageal sphincter pressure was associ-
ated with an increased proximal acid exposure (p =0.019)
and risk of isotope aspiration (p=0.001).

pH Studies

pH Studies were abnormal in 70% of patients. Total proxi-
mal acid exposure was a mean of 4.2%/24 h (SD 6.2). Total
distal acid exposure was a mean of 9.3%/24 h (SD 12.7).

pH Studies: correlation of aspiration and pH study

There was a correlation between total proximal acid on 24-h
pH monitoring and pulmonary isotope aspiration (p=0.003)
in both groups. There was no correlation between total distal
acid on 24-h monitoring and aspiration (p =0.87).
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Scintigraphic studies

Aspiration of refluxate into the lungs was found in 94
patients (26%). When examined by symptom profile, there
were 19 patients in the GERD group (19%) and 75 (29%)
in the LPR group with pulmonary aspiration.

Scintigraphic parameters and pulmonary aspiration

Rising activity curves in the pharynx were strong predic-
tors of isotope aspiration (p <0.01), both when upright
and supine. While a higher proportion of patients with
aspiration were from the group with LPR symptoms (29%
vs. 19%), this apparent difference was not significant with
the two-tailed Fisher’s exact test (p =0.08).

For all patients, the negative predictive value of a
declining time-activity curve for aspiration for the phar-
ynx in the upright and supine positions was 98%. A ris-
ing time-activity curve for the pharynx in the upright and
supine position had a positive predictive value of 88% for
aspiration. A similar pattern for the esophageal curves
gave a negative predictive value of 97% and a positive
predictive value of 85%.
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Receiver-operating characteristic (ROC) analysis
of pulmonary aspiration

The three best variables for predicting aspiration were the
presence of severe IOM and the rising time-activity curves
for pharyngeal tracer activity in the upright and supine posi-
tions. This is clearly shown in Fig. 4. The largest area under
the curve was for pharyngeal tracer activity when supine
(0.896) followed by the pharyngeal curve when upright
(0.820) and severe IOM (0.773).

Cluster analysis

The purpose of luster analysis is to simply demonstrate cen-
tral role of IEM in patients with pulmonary aspiration.

Strong linkages were found between pulmonary aspira-
tion demonstrated by scintigraphy, all scintigraphic time-
activity curves for the upper esophagus and pharynx, IOM,
and clinical symptom profile (Fig. 5).

Discussion

The diagnosis of laryngo-pharyngeal reflux (LPR) is a
clinical challenge. Clinical scoring systems to establish the
probability of LPR in patients with upper aero-digestive
symptoms have been proposed in the past [17]. Between
18.5% and 30% of general population will test as having
high probability of LPR using the current Reflux Symptom
Index, which is also reported to be an overestimation of the
true incidence of LPR [18, 19]. Hull Airway Reflux Ques-
tionnaire is a useful and validated tool in diagnosing LPR
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Fig.4 Receiver-operating characteristic (ROC) analysis. Pharyngeal
supine activity is the best predictor of lung aspiration of refluxate, fol-
lowed by pharyngeal upright activity and manometry
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symptoms due to reflux. However, it is a screening tool and
does not positively diagnose airway reflux [20].

Scintigraphic study using the described technique may
demonstrate, where no other test can, a significant propor-
tion (~20%) of patients with severe GERD who also have
clinically silent pulmonary aspiration.

A less foreseen but suspected result of this study was the
association between esophageal dysmotility and lung aspira-
tion of refluxate, as shown in the ROC analysis. Manomet-
ric measures of the lower esophageal sphincter pressures
did not discriminate for this complication, as low pressures
had a high prevalence in this treatment-resistant group of
patients, reflecting disease severity. The prevalence of severe
IOM was not significantly different between the LPR and
GERD groups. This may be due to a selection bias as GERD
patients in this cohort represent the more severe end of the
spectrum of disease resistant to maximal medical therapy.

The importance of identifying patients with pulmonary
aspiration is of patent clinical importance due to the poten-
tial for irreversible changes in the laryngopharynx and lungs.
Preliminary data from an ongoing study of 120 patients with
scintigraphic evidence of pulmonary aspiration show that
while medical therapy may improve the symptoms of LPR
or GERD, it does not reverse pulmonary aspiration [15].

Pulmonary aspiration can be treated with laparoscopic
fundoplication with improvement demonstrated by scintig-
raphy as well as clinical resolution of symptoms [8, 21].
Previous work by this group found that over 90% of patients
with clinical and scintigraphic evidence of LPR pre-opera-
tively reported significant resolution of symptoms and scan
improvement after surgery [8, 21].

Early research on esophageal dysmotility has suggested
reduced esophageal clearance in individuals with IOM [22,
23]. In this study, patients showed a high degree of impaired
esophageal motility, which was associated with pulmonary
aspiration. The presence of refluxate in the upper esopha-
gus can stimulate cough via “reflex” afferent pathways and
the presence of gastric contents in the pharynx can cause
direct irritation to the upper airways, also resulting in cough
[24]. The impairment of esophageal clearance secondary to
diminished esophageal motility may offer a plausible expla-
nation for the development of symptoms through combined
“reflux” and “reflex” pathways, allowing continued esopha-
geal exposure or proximal exposure to gastric contents [25].

In our cohort, the average age in the LPR group was
7 years greater than the GERD group. Reasons for this vari-
ance are unclear. Many alternative causes of atypical reflux
symptoms may require serial elimination extending the
period to diagnosis. The lack of a simple positive predictive
test for diagnosis of LPR may also contribute. Upper aero-
digestive contamination was frequent in the GERD group.
Delayed development of respiratory symptoms from the pul-
monary disease could be due to changes in the mucociliary

escalator defense mechanisms as a result of chronic exposure
to gastric contents, further delaying time to diagnosis [5, 26].
Perhaps, trivializing the symptoms by the patient and the
medical profession may contribute to delayed presentation
and referral.

Limitations of this study were the collection of data over
8 years during which time the technique of scintigraphy was
refined. There is substantial selection bias as all patients in
this study were referred for consideration of surgery due to
severity of symptoms and often multiple failed therapeutic
strategies.

Conclusion

Severe esophageal dysmotility, raised proximal acid on 24-h
pH monitoring, and pharyngeal contamination on scintig-
raphy are associated with pulmonary aspiration and LPR
symptoms. Upper aero-digestive tract contamination with
reflux is common in patients with LPR and severe treatment-
resistant GERD. The results of this study indicate that reflux
scintigraphy by this particular technique is invaluable in
assessing patients with severe GERD, LRP, and unexplained
pulmonary symptoms.
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Summary

Background The diagnosis and management of laryn-
gopharyngeal reflux (LPR) symptoms are made diffi-
cult by the lack of good standard tests for diagno-
sis and for assessment of responsiveness to medical
therapy. Proximal esophageal 24-h pH reading may
help identify a group of patients likely to benefit from
surgery.

Methods A consecutive cohort of patients from
a prospective populated database were identified.
Further review was undertaken by an independent
investigator for symptomatic evaluation following
fundoplication 24 months after surgery.

Results There were 90 patients (70% female) treated by
fundoplication. The 24-h pH study was successful in
68 patients; abnormal test results were found in 62 pa-
tients. Two clinical groups of patients were identified
(GORD predominant/LPR predominant) with better
control of LPR symptoms in the mixed GOR/LPR co-
hort but improved overall (p<0.01). Symptom control
was incomplete.
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Conclusion In selected patients with elevated proxi-
mal pH readings, symptom improvement of LPR can
be achieved by fundoplication.

Keywords Laryngopharyngeal reflux disease (LPR) -
Symptom control - Laparoscopic fundoplication -
Proximal 24-h pH - Extra-esophageal reflux

Key novel aspects

e Results of fundoplication performance for laryn-
gopharyngeal reflux disease (LPR) symptoms

e Selection of LPR patients by proximal 24-h pH read-
ings

e Demonstration that quality of life improvement of
LPR in patients with typical symptoms is substan-
tially better than in patients with atypical symptoms
alone

Introduction

Laryngopharyngeal reflux disease (LPR) has long been
difficult to diagnose and treat [1-4]. This syndrome
is considered to be caused by exposure of the up-
per aerodigestive tract to reflux of gastric content
[5]. Once patients have been identified as resistant
to medical therapy and objective tests indicate that
the likely diagnosis is laryngopharyngeal reflux dis-
ease in one of its forms, then laparoscopic antireflux
surgery (LARS) may be considered. Results with this
approach have been mixed [6, 7]. An appreciation of
the likelihood of controlling symptoms is important
when offering surgery to patients, and the selection
of patients with a higher probability of improvement
is also important. Use of the reflux score well be
helpful in assessing the outcome of this patient group
(Belafsky score; [8]).
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0=no problem, 5=all the time

Table 1 Reflux symptoms index as defined by Belafsky 2002 [8]
Within the last month, how did the following problems affect you?

Hoarseness or a problem with your voice 0
Clearing your throat

Excess throat mucous or postnasal drip

Difficulty swallowing food, liquid, or pills

Coughing after you ate or after lying down

Breathing difficulties or choking episodes

Troublesome or annoying cough

Sensations of something sticking in your throat or a lump in the throat
Heartburn, chest pain, indigestion, or stomach acid coming up

O O ©O O O o o o

Methods

Data of consecutive patients referred primarily for
management of laryngopharyngeal reflux symptoma-
tology were systematically recorded from 2001. Pa-
tients were classified as having pure laryngopharyn-
geal reflux (those with no heartburn), or mixed gas-
troesophageal reflux with laryngopharyngeal reflux
(having both typical and atypical symptomatology).
Patients with heartburn and regurgitation without
LPR symptoms were not part of this report. Patients
were required to: have a normal chest x-ray, elim-
ination of drugs causing cough, have consultation
with a respiratory medicine specialist to exclude an
alternative diagnosis, have gastroenterology and en-
doscopy assessments, be a non-smoker, have a partial
or transient response to medical therapy, and con-
tinue being symptomatic on proton pump inhibition
(PPI) therapy after 6 weeks of continuous therapy
with a double dose of PPI. A combination of two or
more symptoms of a suggestive clinical picture, objec-
tive physical findings on laryngoscopy, and a positive
24-h proximal pH study were considered as relative
indications for surgery.

Symptoms were evaluated by a senior consultant
surgeon preoperatively. Symptoms were re-evaluated
at 3 months after LARS for laryngopharyngeal reflux
symptoms and side effects. Patients were scored on
a pro forma according to the reflux symptom index
of Belafsky 2002 ([8]; Table 1). A further evaluation
of symptomatic outcome was performed approxi-
mately 2 years after surgery, by telephone interview
performed by an independent surgical upper gas-
trointestinal specialist during post-fellowship experi-
ence (NC). Symptoms were evaluated and recorded
and an overall satisfaction score (“Would surgery
be requested knowing the outcome currently?”) was
obtained.

Laparoscopic antireflux surgery was not tailored for
manometric measurement of esophageal body motil-
ity and patients underwent a 360° standard two-stitch
Rosetti-style fundoplication over a 60-Fr Bougie with
posterior closure of the hiatus using a non-absorbable
suture. In short women, a 56-Fr bougie was used.
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Short gastric vessels were divided as required techni-
cally.

A 24-h pH dual-channel study was performed
with the usual technique using Synectics Digitrap-
per and dual-channel antimony electrodes separated
by 15cm and the distal probe 5cm above the up-
per border of the manometrically identified lower
esophageal sphincter (Mark III Digitrapper, Synectics
Medical AB, Sweden). Manometry was performed us-
ing an eight-channel multilumen dent sleeve water-
perfused catheter (Dentsleeve, Ontario, Canada).

Results

The database contained 90 patients (70% female),
with symptomatic pure LPR in 26% (n=23) and mixed
LPR/GOR in 74% (n=67). A successful dual-channel
24-h pH study was performed on 68 patients. A total
of 62 patients had abnormal acid exposure in the
proximal esophagus and all patients had abnormal
distal acid exposure. The mean number of reflux acid
events was 56 in the proximal esophagus and acid
exposure time was a mean of 3.2% (normal = less
than 1.2).

The interview was completed in 84% (n="76) of pa-
tients. The median length of follow-up was 22 months.
The reflux symptom index improved in all categories
(p<0.03; Fig. 1). The LPR-specific quality of life in-
dex improved statistically significantly in each group
(p<0.01; Fig. 2). It is noteworthy that complete reso-
lution of symptoms was rare (12%). Improvements in
the groups and overall are outlined in Fig. 3, showing
the reflux symptom index (RSI) response. Response
was considerably better in the mixed group. Quality
of life improved in 77% of patients in the mixed group
but only 53% of the pure LPR group (Fig. 4). New dys-
phagia occurred in 5% of patients and bloating and
flatulence in 7%. Patient satisfaction improved sub-
stantially (Fig. 5).

Discussion

The symptomatic outcome of a relatively large series
of patients with LPR-based symptoms following an-
tireflux surgery is not readily available in the litera-

How effective is the control of laryngopharyngeal reflux symptoms by fundoplication? Symptom score analysis
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Fig. 1 Graph showing the mean score of the reflux symp-
tom index (RSI) for both groups preoperatively and postop-
eratively, with a significant difference (*p<0.03) found in all
groups. Higher scores signify worse symptoms. GOR gas-
troesophageal reflux, LPR laryngopharyngeal reflux

6
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B pre-op
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Fig. 2 Graph showing the mean scores of laryngopharyngeal
reflux(LPR)-specific quality of life (QoL) scores in each patient
group, with a significant difference found between each group
(*p<0.01), with higher scores indicating worse symptomatic
reports. GOR gastroesophageal reflux

n./I'l

B Improved
B Not Improved

Total GOR/LPR LPR

*p <001

Fig. 3 Reported improvement in reflux symptom score for
each group (*p<0.01). GOR gastroesophageal reflux, LPR
laryngopharyngeal reflux

ture. It was therefore thought worthwhile to add this
experience of incomplete response in LPR symptoma-
tology previously only available in abstract form [9].
Clinical subgroups appear to have different outcomes,
which may relate to variations in patterns of reflux
between the two groups, allowing for the potential for
clinical selection that would be advantageous to out-
come [10, 11]. A strong association has been found be-

i P
% B Improved

B Not Improved

Total GOR/LPR LPR

*p <001

Fig. 4 Improvement in quality of life scores for each patient
group ("p<0.01). GOR gastroesophageal reflux, LPR laryn-
gopharyngeal reflux

B Yes
HNo
B Maybe

Overall

GOR/LPR LPR
*p=01

Fig. 5 Patient satisfaction with surgery, as measured by the
response to “Would you have surgery again?” ("p<0.01). GOR
gastroesophageal reflux, LPR laryngopharyngeal reflux

tween esophageal physiological abnormalities of peri-
stalsis, lower esophageal sphincter pressure, and prox-
imal 24-hpH abnormality but less so for distal 24-h
pH abnormality [12]. Other groups have also demon-
strated the association between proximal reflux events
and esophageal body dysfunction [13]. A recent study
[14] demonstrated the importance of esophageal body
function, which was found to be highly significant in
the effectiveness of fundoplication preventing reflux
pulmonary aspiration. Since the level of dysmotility
in the esophagus appears to be substantially higher in
the LPR group than in the GORD group, this may be
an explanation for the incompleteness of proximate
symptom control [6, 15]. A similar partial response of
68% to cough (part of the LPR symptom profile) was
reported, as seen in our patient group. We did not find
that the symptom association probability of 24-h pH
analysis predicted a good response. It seems that us-
ing pH technology is unable to predict good control of
pharyngeal and pharyngeal symptoms. Perhaps this
is explained by the more recent recognition of non
acid reflux episodes in the pharynx contribute to the
disease process [16].

Of note, patients with a mixed pattern of symptoms
in their medical history, both LPR and typical reflux
symptoms, had substantially better symptomatic re-
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sults. This may enable a refined selection of patients
for improved surgical results.

Performance of fundoplication with esophageal
body dysmotility probably narrows the margin for
postoperative dysphagia, which was seen in this
study. An alternative technique can be utilized to
lessen the incidence of bolus obstruction (“post-
sling”; [17]). Mixed reports of tailoring of fundoplica-
tion, according to esophageal dysmotility, are present
in the literature [18, 19]. This patient group had
a high proportion of elevated proximal acid exposure
and represents a severe end of the spectrum of LPR
disease.

Conclusion

A significant improvement in overall symptom scores
was seen in patients for whom medical therapy
failed—and after other causes of laryngopharyngeal
reflux (LPR) symptoms were excluded—and who had
abnormal proximal 24-h pH studies. Total symp-
tom resolution, however, was rare. Patients with LPR
symptoms alone appeared less likely to have symp-
tomatic improvement following surgery; however,
they reported equal levels of satisfaction to an unex-
plained degree. Preoperative dual-channel 24-h pH
testing does not clearly identify a group of patients
for whom surgery may be predictably efficacious.
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Abstract

Introduction: Chronic disease poses a major problem for the Australian healthcare system as
the leading cost-burden and cause of death. Gastroesophageal reflux disease (GORD) typifies the
problems with a growing prevalence and cost. We hypothesise that a scintigraphic test could
optimise the diagnosis, especially in problematic extraoesophageal disease.

Materials and Methods: Data was collected from 2 groups of patients. Patients undergoing
fundoplication for severe GORD (n = 30) and those with atypical symptoms (n = 30) were stud-
ied by scintigraphy and 24-hour oesophageal pH, impedance and manometry.

Results: Mean age of cohort was 55.8 years with 40 females and 20 males. Body mass index was a
mean of 28.3. DeMeester score was normal in 12/60 with atypical symptoms and abnormal in the rest.
Good correlation was shown between scintigraphy and impedance, manometry and distal pH readings.
Pulmonary aspiration was shown in 25/60 (15 with atypical symptoms) and LPR in 20/30. Several
impedance, manometric and scintigraphic finding were good predictors of lung aspiration of refluxate.
Conclusion: Scintigraphy provides a good tool for screening patients with typical and atypical
symptoms of GORD. It is well correlated with the standard methods for the diagnosis and
provides visual evidence of LPR and lung aspiration.
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Introduction

Chronic diseases are an increasingly preva-
lent challenge to healthcare systems
globally from a financial and societal per-
spective. This group of diseases are the
leading cause of illness and disability,
accounting for ~70% of deaths world-
wide."? Global healthcare spending is pro-
jected to reach $US10.059 Trillion by 2022,
an annual growth rate of 5.4%.°

Gastro-oesophageal  reflux  disease
(GORD) is an exemplar of the complexities
of chronic disease.* The changing epidemi-
ology of the Australian population is asso-
ciated with an increasing prevalence of
GORD and other consequent chronic dis-
eases.*®

Gastro-oesophageal reflux disease is
defined as “a condition which develops
when reflux of stomach contents causes trou-
blesome symptoms and/or complications”.”
The current diagnostic testing regimen is
predicated on acid exposure despite the uni-
versal definition being devoid of this term.
There is increasing evidence for more com-
plex injury from agents such as pepsin and
bile constituents.” The focus on typical
symptoms of heartburn and regurgitation
with the interdependence on acid exposure
time (AET) underestimates disease in indi-
viduals with atypical symptoms. Diagnostic
efficacy is impaired as the symptoms span a
multitude of disparate specialities.®

The true economic cost of GORD may be
approximated from data extracted from the
Pharmaceutical Benefits Schedule (PBS) and
the Medicare Benefits Schedule (MBS).
There has been a reduction in the cost of
anti-reflux medications from AUD§$500M in
2012-2013 to AUDS$264M in 2018-2019.%'°

Nevertheless, Esomeprazole (Nexium) and
Pantoprazole (Somac) are consistently
amongst the top 10 most prescribed drugs
in Australia.'"" A recent multi-centre trial
has reported that that up to 30% of patients
may be inappropriately treated with PPIs.'?
Diagnostic procedures for GORD under the
MBS increased from AUD$67.2M in 2012—
2013 to AUD $80.3 in 2018~ 2019."°

We hypothesise that a validated simple
scintigraphic reflux study can screen for
local and extra-oesophageal manifestations
of GORD, thereby expediting the diagnosis
and reducing costs.

Methods

Population

The two patient groups consisted of consec-
utive patients referred for laparoscopic fun-
doplication for failed therapy with proton
pump inhibitors (PPIs) or that remained
undiagnosed after 8 weeks of investigation
and classified according to the reflux symp-
tom index criteria of Belafsky et al.'”> The
second group comprised patients with atyp-
ical symptoms of GORD presenting to
otolaryngologists or other specialists. All
patients underwent 24-hour oesophageal
impedance/pH/manometry studies. Major
symptoms included heartburn, globus and
regurgitation or extra-oesophageal symp-
toms such as cough, sore throat, recurrent
throat clearing, voice change, laryngospasm
and aspiration. Scintigraphy was used to
prospectively evaluate extra-oesophageal
refluxate and the possibility of pulmonary
aspiration of refluxate. These patients had
failed maximal therapy and underwent
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these investigations after cessation of PPI
therapy. Clinical data and body mass
index (BMI) were prospectively collected
using a standardized proforma and entered
into a database.

24-hour impedance study

Twenty four-hour impedance studies with
two channel 24-hour pH was performed
on all patients as has been described else-
where.'* Briefly, a trans-nasal catheter with
2 level impedance rings and 2 level pH elec-
trodes connected to an external monitoring
device was inserted into the oesophagus.
Impedance rings were set at 5 and 15cm
above the upper border of the lower oeso-
phageal sphincter (Zephyr device, catheter
ZAI1-BD31, Sandhill Co, Highlands Ranch,
Colorado, USA). Reflux was classified by
the consensus on impedance and pH
monitoring."’

Manometry

Standard stationary manometry was obtained
with a water perfused dent sleeve 8 channel
catheter  (Dent  Sleeve  International,
Mississauga, Ontario, Canada) as described
elsewhere.'* Data was recorded with a multi-
channel recording system (PC polygraph HR
Medtronics, Synectics Medical, Minneapolis,
Minnesota, United States) and analysed using
the PolyGram software program (Medtronics,
Synectics Medical, Minneapolis, Minnesota,
United States). Motility was graded by mod-
ification of Kabhrilas et al. method.'>'®

Scintigraphy

Patient preparation involved a 6 hour fast
and 24-hour cessation of anti-reflux medi-
cation prior to the test. The patient was
administered a radiopharmaceutical (60—
100MBq of 99 m-Tc Phytate) in S0 mL of
water followed by a further 50mL of
water to clear the oropharynx and oesoph-
agus. Dynamic images were acquired

upright for 2minutes then supine for
30minutes on a Hawkeye 4 gamma
camera (General Electric, Milwaukee,
United States) with the mandible and stom-
ach in the field of view.

Delayed static imaging was obtained
2 hrs later for assessment of lung aspiration
of refluxate (Figure 1). Images analysis is
shown in Figure 2.

A subgroup of the 30 patients with extra-
oesophageal symptoms underwent single
photon emission computed tomography
(SPECT) which was fused with x-ray com-
puted tomography (CT) on the same instru-
ment (Figure 1).

Statistical analysis

Data was analysed by nonparametric statis-
tical methods as much of the analysis was of
ordinal data. Standard ANOVA statistics
and 2-tail Spearman (non-parametric data)
and Pearson correlation coefficient (para-
metric data) with significance levels of 0.05
were utilised. Receiver operating character-
istic (ROC) analysis was also undertaken
where appropriate. Statistica V8 software
(Statsoft, Oklahoma, United States) pack-
age was used for data analysis.

Results

Population

Sixty consecutive patients (40 M, 20 F) were
entered into the database approved by the
University of Notre Dame Ethics Committee
(No. 015149S). Average age was 55.8 years
(Range: 18-87, Median: 58 yrs). Thirty
patients gave a history of predominantly atyp-
ical symptoms and 28 a history of typical
heartburn and regurgitation with overlap in 2.

The BMI in this cohort ranged from 19.8
to 47.9kg/m?, with a mean of 28.3 and
median of 27.4. Twenty seven of the
60 patients had a BMI in excess of 30.0kg/
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Figure 1. SPECT/CT and delayed image of lungs (inset). The inset image shows a delayed study of the
anterior chest at 2 hours. There is aspiration of refluxate into the right lung (arrow). The SPECT/CT image
shows the scintigraphic image in the upper panel and the fused image with the CT study in the lower panel.
There is significant contamination of the laryngopharynx (LPR) and trachea by refluxate.

m? (Normal: 18.5 to 24.9). No patient had a
BMI below the normal range.

DeMeester scores: The DeMeester
score!” was normal in 12 of 60 patients,
being less than 14.7. These patients were
in the group with atypical symptoms.

Hiatus hernias

A hiatus hernia was diagnosed in 24
patients based on endoscopic criteria.

Manometry

Oesophageal motility: Normal oesophageal
motility was present in 13 patients. Mild
abnormality was found in 9, mild to mod-
erate in 12, moderate in 13 and severe in 13
patients. In the Kahrilas et al.'® classifica-
tion system this would have been normal in
22, moderate in 12 and severe in 26 patients.

Mean LOS pressure 6 mm Hg (Range: 0—
29, Median: 4). Normal was considered to
be above 26mm Hg.'"” LOS pressure was
normal in only 4 patients.

Impedance

The times for impedance to return to its
pre-bolus level after a fall during the
reflux event are shown in Table 1. Resting
impedance is typically ~ 2200 Q and falls to
~500 Q during a reflux event.”**! Normal
bolus clearance has been reported as less
than Sseconds.”® Total bolus clearance
was abnormal in 48 of the 60 patients.

pH/Impedance

Acid exposure times are shown in Table 2.
Thirty eight patients had an acid exposure
time in excess of 6.3%.?? Proximal total
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Figure 2. Analysis of the dynamic study. The upper panel shows the dynamic study which allows visualisation
of any hiatus hernias and GORD to the level of the pharynx (arrows). The summed dynamic image clearly
shows evidence of GORD to the level of the pharynx. The panel below illustrates the analysis of the pattern of
reflux in the pharynx/laryngopharynx (upper box) and upper oesophagus (middle box) in A. B shows the
pattern of activity in the pharynx/laryngopharynx (red curve with fitted pink line) and oesophagus (yellow
curve) over 30 minutes of acquisition. The liquid gastric emptying (C) is calculated by an exponential fit to the
activity over the stomach region of interest in A. Frequency and amplitude of reflux is calculated from the
pharyngeal/laryngopharyngeal curve in B after taking into account background activity (Threshold line) in D.

Table 1. Impedance: Times for impedance to
return to baseline after reflux event.

Bolus clearance

(secs) Mean Median Range
Upright 15.6 14.0 0-74.0
Recumbent 16.5 10.0 0-167.0
Total 13.0 10.5 1.0-74.0

reflux events (acid+non-acid) were a mean
of 27.5% in 24 hrs (Median 24.0, Range
2.0-104.0). Normal reflux frequency (<31
in 24 hrs)*? of all events (acid and nonacid)

Table 2. pH: percentage acid exposure times.

Acid exposure Mean Median Range
Proximal 8.1 6.0 0-46.0
Distal 385 30.3 0-56.0

was found in 13 patients in the proximal
oesophagus. Ten of these 13 patients were
in the group of 30 with atypical symptoms
in which the scintigraphic studies were
abnormal and 3 were in the group
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undergoing fundoplication of which 2
showed aspiration of refluxate into the
lungs.

Scintigraphy

No scintigraphic evidence of GORD was
shown in 12 of the 60 patients. The primary
symptom of these 12 patients was chronic
cough without heartburn or regurgitation.
Scintigraphic parameters are presented in
Table 3 The time-activity curve analysis for

Table 3. Scintigraphic parameters (n = 60).

Scintigraphy Mean Median Range

Frequency (in 30min) 14.0 10.0 043

Amplitude Ratio 55 22 0-36

AUC Ratio 22 1.9 0-20

Liquid gastric empty  20.1  11.3 15.0-45.5
(min)

Table 4. Scintigraphic curve analysis for upper
oesophagus and pharynx/laryngopharynx.

Region Grade 0 Grade | Grade 2 Grade 3
Upper Oes Up 12 2 6 21
Upper Oes Sup 12 21 7 20
Pharynx Up 12 13 7 28
Pharynx Sup 12 12 2 34

the pharynx/laryngopharynx and upper
oesophagus are presented in Table 4.

The mean liquid gastric emptying time
was 20.1 minutes and 23 of the 60 patients
were within the normal range (Normal
<19 minutes).

Pulmonary Aspiration of refluxate was
shown in 25 of 60 patients, with 15 of the
25 giving a history of atypical symptoms.

Statistical comparisons of
oesophageal physiology and
scintigraphy

All positive correlations between manome-
try and impedance pH are shown in
Table 5. There was no correlation between
liquid gastric emptying and any manomet-
ric, impedance, pH measures or lung aspi-
ration of refluxate in the scintigraphic
studies.

All positive correlations with lung aspi-
ration are shown in Table 6.

If the normal values of proximal reflux
events (acid +non-acid) in 24 hr impedance
studies were utilised (<31 events in
24 hours), 2 patients would not have been
suspected of reflux with involvement of pul-
monary aspiration in the cohort of 30
patients with atypical symptoms.

Table 5. Correlations of manometry and impedance/pH with scintigraphy.

Correlates Correlation coefficients p values
Manometric oesophageal motility & rising Scintigraphic Spearman 0.02 (up)
curves for pharynx/laryngopharynx & upper oesophagus 0.35 (up) 0.61 (sup) 0.00 (sup)
Manometric peristalsis & Scintigraphic amplitude of reflux Pearson 0.48 0.01
Manometric motility & Scintigraphic amplitude (negative Pearson 0.45 0.02
correlation — as motility worsened amplitude increased)
Impedance/pH All recumbent reflux events (acid +-non- Pearson 0.50 0.00
acid) & Scintigraphic reflux frequency for the laryngo-
pharynx/pharynx
Impedance/pH All distal reflux events (acid+non-acid) & Pearson 0.17 0.03

Scintigraphic reflux frequency for laryngopharynx/

pharynx
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Table 6. Correlations with lung aspiration in the scintigraphic study.

Correlates Correlation coefficients p values

Manometric oesophageal motility & aspiration Spearman 0.72 0.00

Impedance Total bolus clearance & aspiration Spearman 0.63 0.00

Impedance/pH All reflux events Spearman 0.45 0.04
(acid4+-non-acid) & aspiration

Scintigraphic Rising pharyngeal/oesophageal Spearman 0.04 (up)
curves & aspiration 0.41 (up) 0.38 (sup) 0.00 (sup)

No acid reflux event in the distal or prox-
imal oesophagus had a significant relation-
ship with lung aspiration.

SPECT/CT

The 30 patients who underwent SPECT/CT
studies of the head and neck showed reflux-
ate contamination of the larynx and phar-
ynx (LPR) and nasopharyngeal reflux in 20
cases. Eight of these patients demonstrated
maxillary sinus contamination by refluxate
and CT evidence of soft tissue disease in the
sinuses. Middle ear contamination was seen
in 2 patients. Moderate correlation was
demonstrated between LPR/nasopharyn-
geal contamination of refluxate in the
SPECT/CT studies and lung aspiration
(Spearman correl coeff =0.36, p=0.04)

The receiver operating characteristic
(ROC) curve analysis illustrates Total
bolus clearance, oesophageal motility, scin-
tigraphic pharyngeal upright and supine
curves and ratio of area under the curve
for pharynx to background to be the best
predictors of pulmonary aspiration of
reflux. (Figure 3).

Discussion

The patients in this study illustrate a mix-
ture of the extreme end of the GORD spec-
trum or with atypical symptoms such as
chronic cough. It reflects the complexity
and heterogeneity of disease processes
under the diagnostic umbrella of GORD.
The incidence of GORD is growing across

the Australian population up to the age of
70 years, with the greatest increase in the 30
to 39year age bracket.® This adds to the
burden of disease with 50% of Australians
affected by one and 23% affected by two or
more chronic conditions."*

The diagnostic algorithm for GORD in
the presence of heartburn and regurgitation
is established and validated.”* The hierarchi-
cal diagnostic model®® involves a PPI trial in
patients whose symptoms are refractory and
gastroscopy to exclude oesophagitis or other
sinister pathology.>****” Endoscopy has a
low diagnostic accuracy for detection of
GORD with questionable utility as 50-70%
of patients will have a normal study.**~*
Next in the sequence is oesophageal pH/
impedance/manometry  testing.?**®  This
diagnostic model is suitable for local oeso-
phageal disease but sensitivity and specificity
diminish with extra-oesophageal symp-
toms.>’ It is in this group that the complex-
ity of the medical response proliferates with
an associated escalation in cost. A shift in the
anatomical geography of the disease invokes
referrals to otolaryngoligists, respiratory
physicians and others. GORD then trans-
mutes into a new lexicon with terms such
as “laryngopharyngeal reflux” and “airways
reflux”. While 24-hour oesophageal imped-
ance/pH monitoring with pharyngeal
probes has shown promise, its reproducibility
for predicting LPR has been questioned and
remains an indirect investigational technique
for pharyngeal or pulmonary exposure to
refluxate.”’
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Figure 3. ROC curve for the best predictors of aspiration of refluxate into the lungs. Total bolus clearance
by impedance and oesophageal motility are the best predictors of aspiration of refluxate into the lungs.

The scintigraphic test integrates the diag-
nosis of oesophageal and extra-oesophageal
disease by direct visualisation of refluxate at
these sites. It has been validated against the
current standards for detecting GORD!**°
and is endorsed by Medicare.

There is a notional belief that the
fundamental pathophysiology of gastro-
oesophageal reflux disease 1is acid in
spite of evidence to the contrary.>>!
Consequently, individuals with atypical or
silent reflux are relegated to alternative
pathways and the risk of further chronic
diseases such as pulmonary infection and
fibrosis.”> This problem is well illustrated
by the cohort in this study in which 30 of
60 patients gave an atypical history of
GORD. Many of these patients had
normal DeMeester scores and although
the mean acid exposure was 8.1%, only

38% had pH exposure above the normal
cut-off level of 6.3%.?* The preoccupation
with acid exposure time(AET) is illustrated
by the disparity between the distal and
proximal acid exposures with a majority
having significant acid exposure distally
(Mean 38.5, Median 30.3, Range 0-56.0%)
and only 12% recording a proximal acid
exposure (pH < 4.0) above 1.2%.* There is
limited veracity in the quality of data regard-
ing proximal AET due to variability in elec-
trode placement.?**3* It suggests significant
neutralisation of acid in ascent, gaseous
reflux or predominantly low-grade reflux
that does not reach the proximal oesopha-
gus.>®> The impedance data favours the
former explanation as total proximal reflux
(acid + non-acid) greater than 31 episodes in
24 hours® was recorded in 68%. These find-
ing confirm previous work pertaining to the
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short-comings of oesophageal pH monitor-
ing.*® The atypical patient group may also
help to explain the normality of the
DeMeester scores in 12 of 30, a finding
resulting from non-acid reflux events that
has been reported by others.*°

Dissecting the costs involved in the
detection and treatment of GORD in the
Australian Healthcare system is problemat-
ic. Estimates of the prevalence are based
on the typical symptoms of heartburn
and regurgitation and exclude atypical
symptoms.>*?’

The MBS and PBS provide the quantity
and cost of GORD in the Australian popula-
tion utilising publicly available Government
data. There has been a marked fall in the
number of prescriptions for anti-reflux medi-
cations with a disproportionate fall in the
costs involved. (Figure 4) This variation is
attributed to a series of factors:

1. rescheduling (prescription to over-the-
counter availability).** !

2. expiry of drug patents, resulting in a
decrease in cost.*® !

3. a global shift from PPI use. The frequen-
cy of reported side-effects has been

questioned, but caution in long-term

PPI use has been recommended.*

There has been an increase in quantity
and cost of diagnostic procedures from
2012-2019 (Figure 5). The increase signifies
the diagnostic justification of GORD within
an individual* as recommended in Bettering
the Evaluation and Care of Health
(BEACH) program in 2014.*> Gastroscopy
accounts for 84% of diagnostic expenditure
despite questionable diagnostic accuracy in
GORD.*®

The cost and quantity of surgical proce-
dures have followed an incremental uniform
increase over the period. Figure 6 illustrates
surgical procedures over the period.
Endoscopic dilatation has been excluded due
to the changed classification under Medicare.

Gross data suggests an increased preva-
lence of GORD. Co-morbidities that
increase the prevalence of GORD include
older age, male sex, race, analgesic consump-
tion, consumption of alcohol, smoking and
BMI in conjunction with numerous other
lifestyle related factors.>* ™ Worryingly,
67% of the Australian population is over-
weight or obese. Coincidently, there has
been a rise in diabetes mellitus from

Pharmaceutical Benefits Scheme (PBS)
Maximum recordable value Vs number of
GORD prescriptions

< $500,000,000.00 17000000.00
3 $400,000,000.00 P ———— 16500000.00 .
€ $300,000,000.00 4 S~ 16000000.00 E
o4 -"' i 15500000.00 2
& $200.000.000.00 > S —— 130000 W Z
o | et ARl e —— 15000000.00 2

5100,000,000.00

YEAR

== PBS MAX RECORDABLE VALUE FOR SAFETY NET(S)

s Number of prescriptions

Linear (PBS MAX RECORDABLE VALUE FOR SAFETY NET(S))

Figure 4. Data derived from Pharmaceutical Benefits Schedule (PBS) 2012-2019.%'°
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Medicare Benefits Schedule (MBS) Diagnostic
procedures and Cost
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Figure 5. Data derived from the Medicare Benefits Schedule (MBS) 2012-2019.”*®
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Figure 6. Data extracted from Medicare Benefits Schedule 2012-2019.74®

approximately 1 to 4% between 1995 and
2018. Central abdominal obesity increases
the risk of Barrett’s oesophagus, oesopha-
geal adenocarcinoma, elevates intra-
abdominal pressure promoting reflux and
development of hiatus hernia.** ¢

While this data illustrates the societal
and financial burden imparted by GORD,

it also underlines manifold deficiencies in
data collection in Australia. Data is collect-
ed via self-reporting, which is unreliable,
inaccurate and has poor reproducibility.*’
Historical data is limited as GORD was
consolidated under the umbrella of diges-
tive diseases until 2014. Calculating the
true burden of disease is further
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complicated by records held across multiple
disparate databases.

Conclusion

Chronic diseases are the greatest challenge
confronting the Australian health care
system. GORD 1is a chronic disease with
an increasing prevalence. A new diagnos-
tic/therapeutic algorithm must be imple-
mented, especially in the setting of atypical
GORD. This is reinforced by increasing
adverse reports on the side effects of PPIs.
Nuclear scintigraphy provides an innovative
approach, which optimises diagnosis in the
setting of typical and atypical GORD. This
offers an early and cost-effective diagnostic
window that allows disease prevention and
risk factor management.
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1 | INTRODUCTION

Gastroesophageal reflux disease (GORD) is common and affects up
to 30% of individuals globally (Yamasaki et al., 2018). The typical
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Abstract

Background: The inclusion of scintigraphy in the diagnostic algorithm for gastroe-
sophageal reflux is controversial due to variability in methodology and reporting. A
novel scintigraphic reflux study has been developed and validated against the current
standards for the diagnosis of gastroesophageal reflux disease (GORD).

Objective: To compare a new scintigraphic reflux test against historic techniques and
standardised diagnostic reference tests for gastroesophageal reflux disease.
Methods: Paired scintigraphic studies were conducted in seventeen patients. All
patients underwent at least one other standardised diagnostic reflux test such as
24- hour oesophageal impedance/ pH, and oesophageal manometry, barium swallow,
gastroscopy or the Peptest. Patients inadvertently presented at sites B for scinti-
graphic reflux testing rather than at Site A which was part of an approved study. The
findings from sites B did not correlate with clinical symptoms and other diagnostic
reference tests from GORD. These studies were then repeated at Site A with ap-
proval from the patients. A second reflux study was performed at site A, utilising a
novel technique with the capability of assessing oesophageal and extra-oesophageal
disease.

Results: The Site A technique shows good concordance with the reference diagnostic
tests with an accuracy of 82.4% and kappa of 0.64 (SE: 0.16, p = 0.00). Site B had an
overall accuracy of 47.1% and kappa of 0.066 (SE: 0.068, p = 0.45).

Conclusion: The Site A technique shows higher accuracy than either site B or the his-
toric reflux techniques. It has characteristics that make it an effective screening tool

for assessment of local oesophageal disease and its extraoesophageal manifestations.

KEYWORDS

adult, aspiration, gastric emptying, gastroesophageal reflux disease, paediatric, scintigraphy

symptoms of heartburn and regurgitation are well documented
and treated. Acid suppression therapy is the first line of diagnosis
and treatment, with 60%-90% of individuals experiencing a reduc-
tion in symptoms (Richter, 2014). In individuals whose symptoms

© 2020 Scandinavian Society of Clinical Physiology and Nuclear Medicine
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remain refractory, a hierarchical diagnostic algorithm is instituted,
gastroscopy to rule out sinister pathology, followed by 24-hr oe-
sophageal pH/impedance, manometry and where warranted, bar-
ium swallow (Richter, 2014; Savarino et al., 2018). Historically,
scintigraphy has not been incorporated into this algorithm as the
techniques have been found to lack sensitivity and reproducibility
(Shay et al., 1992).

The rationale for exclusion of scintigraphy in the past has been
significant variability in technique, reporting and reproducibility
(Kjellen et al., 1991; Shay et al., 1992). This belief is based upon
early reports of a lack of sensitivity, based on several studies dating
back to the 1970s and 1980s, where predominantly visual analysis
rather than computerized region of interest analysis was utilized.
Molecular imaging has been transformed by the initiation of multi-
ple technological advances incorporated with a growing knowledge
of the pathophysiology of GORD in the past 10-15 years. In par-
ticular, the instrumentation has evolved to a level where most of
the devices available since the early 2000s were hybrid compos-
ites of fast gamma cameras and X-ray computed tomography (CT)
together with powerful and flexible computerized software. These
developments have been incorporated into the scintigraphic reflux
techniques at Site A and integrated with the advances in the field of
gastroenterology, otolaryngology and respiratory medicine. Most
notably, many of these changes are in line with the Montréal and
Lyon consensus of GORD. The Montréal consensus is a universal
definition of GORD, which acknowledged extraoesophageal symp-
toms and manifestations (Vakil et al., 2006). Changes in the tech-
nology of molecular imaging have allowed the acquisition of fast
dynamic studies at the level of the oesophagus and allowed quan-
titation by region of interest (ROI) analysis, which enhances intra-
and inter-observer agreement (Caglar et al., 2003). The addition
of CT to the rapid acquisition of single-photon emission computed
tomography (SPECT) has allowed direct visualization of refluxate in
the head, neck and lungs, regardless of its pH, purely as a physical

manifestation.

,p‘«ﬂ—.Pharynxl -
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Scintigraphy evaluates physiologic, metabolic and molecular
change or alteration within an individual without altering its existing
function (Elgazzar, 2011). This is achieved via careful selection of the
radiopharmaceutical (Vallabhajosula et al., 2010) and the use of trace
doses of isotope that do not overwhelm the physiology of the sys-
tem under study. Experimental modelling has demonstrated that as
little as 1% of tracer activity in the stomach may be detected in the
oesophagus (Caglar et al., 2003).

Site A has assessed the strengths and limitations of the current
suite of tests and the previous historical scintigraphic techniques.
The primary aim of the new scintigraphic technique is to complement
and add value in the diagnosis and management of gastroesophageal
and extraoesophageal reflux disease. Quantitation is applied to the
oesophagus to derive information pertaining to frequency, amplitude
and retention of refluxate in the oesophagus. The technique is not
limited by the constraints of instrumentation involved in oesophageal
pH, impedance and manometric monitoring. It is better tolerated, and
the results in the oesophagus have significant correlation with the
current reference standards of oesophageal monitoring with pH/im-
pedance and manometry. However, when a simple lateral image of
the delayed study is added, it allows visualization of laryngopharyn-
geal refluxate and this is even more evident in the SPECT/CT studies.

The technique at Site A has been validated against the current
standards for testing of GORD and shown good correlation with
pH/impedance and manometry (Burton et al., 2018, 2020; Falk
et al., 2015) and for the first time, allowed the direct visualization of
refluxate at extraoesophageal sites with SPECT/CT imaging.

We hypothesize that the scintigraphic reflux study implemented
at Site A will provide a more sensitive, accurate and reproducible
diagnosis of GORD, especially at extraoesophageal sites than the
historically based scintigraphic techniques. The opportunity to test
this hypothesis was afforded by the implementation of an ethics-ap-
proved study comparing the new scintigraphic technique against
standard testing for GORD (pH/impedance, manometry and gastros-
copy). Several patients inadvertently presented for the scintigraphic

PHxBackg Pharynx

tom

ach

FIGURE 1 Supine dynamic study Site A. The dynamic study demonstrates several frames from a supine study which clearly show the
pharynx/laryngopharynx and stomach and the full column of gastroesophageal reflux disease (GORD)
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study to multiple other practices using the historic scintigraphic
techniques of the past. These patients were subsequently re-studied
at Site A as part of the planned study.

2 | METHODS
2.1 | Scintigraphic method at Site A

Patient preparation involved was a minimum 4-hr fast prior to the
scan. A dose of 60-100MBq of Technetium-99m (**™Tc) calcium
phytate was administered in 150-200 ml of water. All images were
acquired on a General Electric Hawkeye 4 Hybrid gamma camera
(General Electric). Dynamic images were immediately acquired up-
right for 2 min followed by supine images at a frame rate of 15 s per
frame for a period of 30 min (Figure 1a). The patient continued to
fast. Delayed imaging was undertaken at 2 hr post administration of
tracer. The delayed imaging involved static images of the lungs and
SPECT/CT of the head and neck to evaluate laryngopharyngeal con-
tamination by refluxate in those with a history of atypical symptoms.
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All images were qualitatively assessed initially. Quantitative
analysis was applied to the dynamic images in the form of regions
of interest (ROI) from the laryngopharynx to lower oesophagus
and several matching background regions (Figure 1b). Background
corrected time-activity curves were derived from each region
(Figure 2). Liquid gastric imaging was quantitatively assessed by the
geometric mean of the anterior and posterior images in a supine po-
sition. Semi-quantitation was applied to the delayed lung image to
ascertain evidence of lung aspiration by a line profile, where activity
in the main airways was at least twice background (Falk et al., 2015).
SPECT/CT was assessed using a binary method as positive or nega-

tive for laryngopharyngeal reflux.

2.2 | Scintigraphic method at independent site B
Twelve independent sites constituted Site B, various historic scin-
tigraphic techniques were employed across these sites, with

the rationale of evaluating evidence of gastroesophageal reflux.
These sites were not direct participants in the research study. The

Amplitude

B2 4% 6 8 1012 14 16 18 20 22 24 26 28 30

min

Upper oesophagus

8 10 12 14 16 18 20 22 24 26 28 30

min

FIGURE 2 Time-activity curve analysis Site A. The four panels in this study demonstrate placement of the regions of interest and
background activity in panel a. A number of variables are also provided in this panel including the area under the curve (AUC) ratio for
pharynx/laryngopharynx to background which provides an estimate of the rate of clearance of refluxate from the region. Panel b shows the
rising time-activity curves for the pharynx/laryngopharynx (red) with the fitted curve to this tracing (pink curve with arrow). Amplitude and
frequency of reflux are illustrated. Panel ¢ shows calculation of liquid gastric emptying time to half clearance. Panel d demonstrates the time

activity curve for the upper oesophagus.
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methodology of studies undertaken at Site B can be broadly catego-
rize into (i) gastroesophageal reflux (ii) combined oesophageal transit
and gastroesophageal reflux study.

The fasting period was not stated in any of the reports from
the Site B. The various methodologies employed are described in
Table 1.

The combined oesophageal transit and gastroesophageal re-
flux studies were performed in three phases. The methodology for
evaluation of purely gastroesophageal was performed in 1, 2 and 3
phases dependent upon the specific site.

Images were qualitatively assessed for reflux and/or transit in all
methods. Quantitative analysis was performed in six of the 17. Only
four of the 17 studies used the quantitative method of region of in-
terest analysis with generation of time-activity curves.

2.3 | Statistical analysis

Demographic data and the results of the scintigraphic studies were
analysed by the ANOVA module in the Statistical Package for the
Social Sciences (SPSS) version 24.0 (IBM). Cohen's kappa statistic
(Cohen, 1960) was used to compare reproducibility of the scinti-
graphic tests from the descriptive module of SPSS.

2.4 | Ethical considerations

The study was approved by the Institutional Ethics Committee of
the University of Notre Dame, Sydney, Australia (Reference num-
ber 015149S) and was performed in line with the principles of the
Declaration of Helsinki.

All patients provided written informed consent at Site A, and the re-
ports of previous scans performed at Site B were provided by the patient
to compare the finding and correlate with patient history. Studies done
at the Site B practices were performed when patients inadvertently pre-
sented for the test as part of the prospective arm of the study to alter-
native practices. A variety of protocols were adopted on an ad hoc basis.

Calcium phytate was used under label for the purpose of gastro-
esophageal reflux and gastric imaging studies. This was specifically
addressed in the ethics approval for this study.

The additional radiation burden associated with SPECT/CT was
justified in the presence of atypical symptomology including atypical
cough, vocal change and throat clearing. Low-dose CT was utilized
in such cases in order to accurately localize refluxate in the head and

neck structures.

3 | RESULTS
3.1 | Demographics

Patients had a mean age of 53 years (median 52.5 years, range:
26-77 years) with 10 females and seven males in the cohort. All

patients gave a history of either heartburn, regurgitation, chronic
cough or throat clearing. Three of the patients were being assessed
following laparoscopic fundoplication as part of a prospective
study to assess the success of surgery. One of these patients had
major recurrent symptoms, and the other two had minor recurrent
symptoms.

Most patients in this study had a high pretest probability of gas-
troesophageal disease as many were being considered for laparo-

scopic fundoplication and were part of the approved study.

3.2 | Reflux symptom index (RSI)

The mean of the RSI was 24.7 with a median of 25.9. Only one post-
operative patient had an RSI score under 13 and the sores ranged
from 12 to 36.

3.3 | Reference testing

The 17 patients underwent a combination of 24-hr oesophageal
impedance/pH, manometry, gastroscopy and barium swallow.
Abnormality for the purpose of the current analysis was predicated
on positive findings in any one of these modalities. Two patients
were reported as showing no evidence of gastroesophageal reflux
by these criteria, although symptomatic.

Mean lower oesophageal sphincter pressure on manometry was
abnormal (<6 mm Hg) in 10/12 patients. Normal was considered as
18-23 mm Hg (Tutuian et al., 2003). Barrett's oesophagus was pres-
ent in four out of five based on endoscopy findings. Oesophageal
impedance/pH was abnormal in six of nine patients with three
being unable to tolerate the test. Two patients had abnormal barium
swallows.

3.4 | Test Site A

All 17 patients were reported as showing gastroesophageal reflux
while upright and supine.

Mean amplitude of reflux was 4.1 times background (SD1.7,
range 1.5-8.0). The mean ratio of area under the curve for the la-
ryngopharynx to background when supine was 1.5 (SD 0.6, Range
0.7-2.5). The frequency of reflux to the pharynx when supine was a
mean of 2.9 episodes in 30 min (SD 1.3, range 1-6).

Liquid gastric emptying mean half-time was 28.1 min (SD 23.6,
median 19.9, range 4.1-84.5). Of these 9/17 had normal gastric emp-
tying studies (<19 min) (Camilleri, 2015; Ziessman et al., 2009).

Pharyngeal curves showed a rising pattern in 9/17 patients when
upright and in 10/17 when supine.

SPECT/CT showed laryngopharyngeal reflux in nine of nine
patients who underwent the study including the post fundoplica-
tion patient with major symptoms (heartburn, regurgitation, throat
clearing and voice change). SPECT/CT studies were only acquired in
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patients with a history of atypical symptoms (mainly recurrent sore
throats, throat clearing, recumbent cough or aspiration) in line with
radiation-safety principles.

Aspiration of refluxate into the lungs was apparent in 7/17 cases.

3.5 | Statistical considerations

The results from Site A demonstrate an accuracy of 82.4% when cor-
related with the reference testing for the diagnosis of gastroesopha-
geal reflux and its extraoesophageal manifestations. The kappa
value for agreement with the reference tests was good at 0.64 (SE:
0.16, p = .00), indicating a greater than chance probability of agree-
ment between the tests.

3.6 | TestsiteB

Six patients were reported as having upright gastroesophageal re-
flux which did not pass the mid-oesophagus in three cases. One pa-
tient was reported as having reflux to the upper oesophagus when
supine. One case reported as having no reflux also showed no reflux
by the reference testing.

Four of 17 studies were semi-quantitated (Figures 3 and 4). One
was reported with a diagnosis of gastroesophageal reflux which was
in concordance with the reference standards. The other three were
reported as showing no reflux.

Liquid gastric emptying was attempted at three sites with abnor-
mality in two patients and one being calculated by a linear fit to the
data, rather than an exponential fit (Ziessman et al., 2009).

No patient was diagnosed with laryngopharyngeal reflux by
these methods. One of 13 cases was reported as showing aspiration
which was also positive at Site A (Figures 5 and é). The other 12 pa-
tients were reported as showing no pulmonary aspiration, and this

was in agreement with Site A for eight cases.

3.7 | Statistical considerations

Considering all scintigraphic reports as positive for reflux plus the
one patient with no reflux gives Site B an accuracy of 47.1% for the
diagnosis or exclusion of gastroesophageal reflux. The kappa value
for agreement with the reference tests is 0.066, which is non-signif-
icant (SE: 0.068, p = .45), indicating a low probability of agreement
between the tests.

Accuracy was determined based upon correlation with the suite
of standard reference testing.

4 | DISCUSSION

This study demonstrates that Site B instituted historical protocols
which were developed for use in the paediatric population. The

Functional Imaging

application of such protocols in the adult population has hindered
the ability to answer the diagnostic question due to the inherent
differences in anatomy and physiology between the adult and pae-
diatric population. The understanding of GORD has evolved, with
a greater onus on the scope of disease including extraoesophageal
disease and treatment pathways (Khoma et al., 2020). This is beyond
the capabilities of historic techniques.

The original papers that described these methods often acquired
dynamic studies for 1 hr and were bedevilled by movement artefacts
that precluded accurate and reproducible ROl analysis and quantita-
tion (Caglar et al., 2003).

Table 1 outlines the different techniques used under the label
“Site B."” Ten of the 17 utilized a gastroesophageal reflux method-
ology and the remaining 7 applied a combined oesophageal transit
time/gastroesophageal reflux method. “Site A’ uses a dedicated
gastroesophageal reflux methodology only. The rationale for this
decision is that techniques such as barium swallow and manometry
provide better spatial resolution and functionality, respectively, for
the assessment of swallowing abnormalities and oesophageal transit
times.

Fundamental difference between Site A and Site B includes the
volume, dose and type of liquid utilized and adherence to a single
coherent protocol. The optimal volume of liquid for the adult popu-
lation is considered 150-200 ml (Caglar et al., 2003) as this simulates
a standard adult stomach volume, without overfilling the stomach
and inducing reflux (Kjellen et al., 1991). Isotope doses were highly
variable among the studies listed in Site B. This is similar to the his-
toric techniques listed in the literature review in Table 2. There is
also significant variation in the type of liquid administered, includ-
ing the acidic and caloric content (especially milk). The use of milk
dates back to the genesis of reflux scintigraphy in the paediatric pop-
ulation and integration into the normal feeding cycle. Few studies
under “Site B” attempted to assess gastric emptying. Gastric emp-
tying has been found to have an influence on the degree of reflux.
This is important in determining the optimal management strategy
(Pellegrini, 2001). One centre that did attempt numeric quantitation
fitted a linear curve to the data rather than the accepted exponential
fit (Ziessman et al., 2009).

The technique implemented at Site A has been validated
against the standardized current diagnostic tests for GORD (Burton
et al., 2018, 2020; Falk et al., 2015). Findings in 25 normal volun-
teers have demonstrated that 32% have asymptomatic upright re-
flux which does not reach the pharynx/laryngopharynx. None of
the normal volunteers showed evidence of supine reflux, consistent
with the findings in 24-hr oesophageal impedance/pH impedance in
normal volunteers (Shay et al., 2004). In this study, 34% of asymp-
tomatic normal volunteers demonstrated evidence of upright reflux
and none had supine reflux. This is in line with previous work which
came to the conclusion that any supine gastroesophageal reflux is
pathological.(Demeester et al., 1976).

Radiopharmaceutical selection is important to the integrity of
the test. °™ Tc colloid/phytate is the ideal radiopharmaceutical
given its stability and lack of systemic absorption from the gut.
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TABLE 1 Individual patient—methodologies under Site B, Diagnosis at Sites A and B, and finding of gastroesophageal reference tests
Site B Site B Site B
Site B Isotope Site B Dose (MBq) Liquidused  Volume (ml) Patient position Site B Technique
1 Unknown Unknown Orange Juice  Unknown Upright, supine & standing  GER
2 Unknown Unknown Milk 200 Upright, supine, prone, GER
right & left lateral
3 (i)°™Tc DTPA;(ii) "™ Tc colloid ~ (i)40; (i))40 Unknown Unknown Upright, supine GER
4 99mTc DTPA Unknown Unknown Unknown Upright, supine GER
5 99mTc DTPA 52 Unknown Unknown Upright, supine GER
6 (i)?"™Tc DTPA;(ii) "™Tc colloid (i)46; (ii)44 Unknown Unknown Upright, supine GER
7 99mTc DTPA Unknown Water 300 Upright, supine GER
8 99MTc Colloid Unknown Unknown 120 Upright, semi-supine GER
9 99mTc DTPA Unknown Unknown Unknown Upright, supine GER
10 Unknown Unknown Unknown Unknown Upright, supine GER
11 99™Tc Colloid 50 Water Unknown Upright, supine OTT& GER
12 99™T¢ Colloid Unknown Milk Unknown Upright, supine OTT& GER
13 99™T¢ Colloid Unknown Milk 100 Upright & semi-recumbent ~ OTT& GER
14 (i)?°™c DTPA;(ii) °*™Tc colloid (i)44; (ii)40 Unknown Unknown Upright, supine OTT& GER
15 ?7™c DTPA Unknown Unknown Unknown Upright, supine OTT& GER
16 Unknown Unknown Unknown Unknown Upright, supine OTT& GER
17 (i)?7™Tc DTPA;(ii) “™Tc colloid  (i)40; (ii)40 Unknown Unknown Upright, supine OTT& GER

Abbreviations: ?"™Tc, °/™ technetium; AbN, abnormal; DTPA, diethylenetriaminepentaacetic acid; GER, gastroesophageal reflux; N, normal; OTT,
oesophageal transit time.

This property enables assessment of oesophageal reflux, gastric
emptying and pulmonary aspiration with little interference from
blood pool or extra-vascular interference, particularly in the lungs.
99mTe diethylenetriaminepentaacetic acid (DTPA) has been used in
several historical techniques although it is absorbed from the gut
and has a high volume of distribution in the extra-vascular space
(Banerjee et al., 2001). The high background distribution in the
lungs impairs detection of pulmonary aspiration (Figures 5 and 6).
Experimental work has shown that in the absence of significant
background activity, as little as 0.1 MBq of activity in the lungs
can be detected by the gamma camera (Ruth et al., 1993), thereby

heightening the sensitivity for detecting aspiration of refluxate
into the lungs.

Sampling time is an important technical issue in acquisition of re-
flux studies. Numerous studies have been undertaken to determine
the optimal framing rate for the dynamic study of the oesophagus.
This has been reported as optimal at 15-30 s (Caglar et al., 2003).
Longer framing of ~ 60 s has been shown to miss reflux events
(Caglar et al., 2003).

Quantitation is intrinsic to the test as subtle reflux events may
be beyond the capabilities of visual detection. Reflux of as little as

1% of stomach activity can be detected in the oesophagus (Caglar

Y

.

A

A

FIGURE 3 Supine dynamic study Site B. The dynamic study shows several frames from a supine acquisition. Four regions of interest
over the oesophagus and oropharynx are apparent together with a background region of interest. The intensity of the dynamic study has
been thresholded to activity in the stomach, precluding visual analysis for any evidence of reflux in the oesophagus. Also note that the
background region (single vertical box) may well overlie the cardiac blood pool activity, leading to erroneous signals if the tracer breaks
down, which may influence the curve analysis. Placement of the region of interest for the background over the right lung is a better estimate

of background activity
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Site B Quantitative Site B Site A Manometry
analysis N or AbN Nor AbN NorAbN
No AbN AbN None
No N AbN None
No AbN None
No AbN AbN
No AbN None
No AbN AbN AbN
No AbN AbN AbN
ROI & Time-activity AbN AbN AbN
curves
No AbN AbN
No AbN None
No AbN N
No AbN AbN AbN
Oesophageal Transit time ~ AbN AbN AbN
& gastric emptying
No N AbN N
Time-activity curves N AbN AbN
Semi-quantitation N AbN AbN
No N AbN AbN

Clinical Physiology
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and

24-hr pH/impedance  Ba Swallow Gastroscopy Peptest
N or AbN N or AbN N or AbN N or AbN
Unable to tolerate AbN N None
AbN None None AbN
None None AbN None
AbN None None None
None AbN None None
AbN None None None
AbN None None None

N None AbN None
Unable to tolerate Unable to tolerate  None None
None N None None

N None AbN None

N None AbN None
AbN None None None
None None AbN None
AbN None None None
Unable to tolerate None None None
AbN None None None

et al., 2003). The application of standardized ROl analysis of the oe-
sophagus with appropriate background subtraction (Figure 2) allows
derivation of indices such as amplitude, frequency of reflux to the
target pharynx/laryngopharynx and clearance of refluxate from the
oesophagus (AUC analysis). These are firm numbers that do not re-
quire equivocation in decision-making, unlike visual analysis (Caglar
et al., 2003). A similar quantitative approach takes the guess-work
out of interpreting the delayed study for aspiration into the lungs
(Figure 5) (Falk et al., 2015). SPECT/CT shows refluxate in the head
and neck structures (Figure 7) and lungs in a binary fashion as there
should be no activity at these sites normally without significant
pathology.

The Site A technique demonstrates good sensitivity for the

detection of gastroesophageal reflux in agreement with other

FIGURE 4 Time-activity curve
analysis Site B. This study is obtained
from the same patient who is illustrated in
Figures 1-3. The analysis shows a similar
pattern of a rising time-activity curve

for the pharynx and upper oesophagus.
Note the rising background time-activity
curve (yellow) which demonstrates a rising
pattern, possibly reflecting cardiac blood
pool activity following tracer breakdown
(See comment in Figure 3)

H“'f—v—r

01

Wi 4 A

diagnostic gastroesophageal reflux testing. Furthermore, it ex-
pands the scope of testing to directly visualize refluxate contam-
inating extraoesophageal structures such as the laryngopharynx
(Figure 7) and lungs which is beyond the scope of the extant
testing regimens. These capabilities have been achieved by the
advent of hybrid imaging in scintigraphy. The dominant manage-
ment and treatment approach for the last 30 years have been
widespread use of proton-pump inhibitors (PPls) to control acid
reflux, which is effective in 75% of patients with heartburn and
regurgitation (Richter, 2014; Vaezi, 2004). Despite this, there is an
increasing shift away from long-term use of PPIs due to adverse
effects (Yadlapati & Kahrilas, 2018). Furthermore, a significant
proportion (up to 40%) of individuals will present with atypical/
extraoesophageal symptoms only (Ford, 2005). These symptoms

Oro/ laryngopharynx Background

A Y

—
2 3.4 6l6ETeE8 9:.10 12 14 16 18 20
Time (minutes)
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FIGURE 5 Delayed study from the same patient in Figures 1-4
(Site A). The delayed study demonstrates evidence of a hiatus
hernia (HH) and aspiration into the central airways (Asp). Note the
absence of significant background activity

Delayed image
g Thyroid k : 3
Blood,”

pool jis A

 Xiphy—pm-o
1

.

FIGURE 6 Delayed study from the same patient in Figures 1-5
(Site B). Note the degree of blood pool activity and the resultant
increase in background which fundamentally outlines the patient's
thorax and arms. There is also significant activity in the thyroid
gland indicating tracer breakdown. It is difficult to appreciate the
hiatus hernia and to assess subtle aspiration into the major airways

TABLE 2 Literature review of historic scintigraphic techniques

require a different approach in order to understand the physiol-
ogy and pathophysiology of the disease which may be character-
ized by non-acid or even alkaline reflux (Lee et al., 2018; Sifrim
et al., 2005). Scintigraphy is capable of demonstrating reflux re-
gardless of its pH or the coexistence of mixed liquid and gaseous
refluxate which may be problematic with oesophageal impedance
monitoring (Zerbib & Stoll, 2010).

One weakness of this comparison is the choice of the extant
reference testing. The only direct methods are gastroscopy and bar-
jum swallows. Gastroscopy visualizes oesophagitis due to exposure
of the lower oesophagus to stomach acid, which unfortunately oc-
curs in only 30% of cases with known GORD (Shay et al., 1992). The
other technique that offers this is the barium swallow which is even
less sensitive and without provocative manoeuvres has a sensitivity
of 26%, which rises to 70% with provocation such as the valsalva
manoeuvre (Thompson et al., 1994). Other techniques are indirect
measures of acidity or impedance. The population in this study had
a significant proportion of patients with symptoms of LPR with a
mean RSI of 24.7 and a median of 25.9 with only 1 patient having
an RSl in the low range (<13). This would push this population into
a high pretest probability of reflux disease. Of the two patients not
shown to have reflux by the standard reference testing but who
tested positive in the Site A scintigraphic reflux testing, both had
LPR and 1 showed lung aspiration of refluxate. It is the one major
blind spot in the current suite of accepted oesophageal pH/imped-
ance testing (Zerbib et al., 2013; Zerbib & Stoll, 2010).

5 | CONCLUSION

The new scintigraphic reflux technique adds value in the diagnosis,

management and treatment of GORD. The technique incorporates

Author Target Dose MBq Liquid Acquisition view Quantitation

Piepz et al. Paediatric 7.4 Milk Posterior Freq/Reflux Index

Heyman et al. 7.4-37.0 Milk Posterior Time/Act oes/stomach

Seymour et al. 37.0 Milk Posterior Time/Act oes/stomach

Orenstein et al. 5.5-11.1 Apple juice Posterior Episodes reflux

Caglar et al. 10.0 Milk Anterior Grade frequency reflux

Zvi Bar-Sever et al.. 9.25 Milk Posterior Qualitative

Maurer et al. Adult 111 Orange juice Posterior Reflux index

Kazem et al. 18.5 Tea/Water Anterior Histogram oesophagus

Fisher et al. 3.7 Saline/HCl Anterior Reflux index

Tatsch et al. 10.0 Water Posterior ROl oesophagus/Transit times

Bestetti et al. 185 Orange juice Anterior ROI/Transit times for
oesophagus/stomach

EANM Mixed 18-185 Milk, Orange juice, Water Anterior ROI stomach/Oesophagus

SNM Anterior or Posterior Freq and extent of reflux

Abbreviations: Freq, frequency; HCI, hydrochloric acid; Oes, oesophagus; ROI, region of interest.
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FIGURE 7 SPECT/CT of head and
neck. The tomographic study of the head
and neck with fusion of the corresponding
CT projections demonstrates evidence

of refluxate contaminating the
laryngopharynx (LPR), nasopharynx and
the left maxillary sinus which is opacified
by soft tissue thickening

Fused Corenals

the advances which have been made in the understanding of gas-
troesophageal and extraoesophageal reflux disease in conjunction
with the advent of hybrid technology in scintigraphy. The methodol-
ogy is pivotal to the integrity, accuracy and reproducibility of this
test. This disease is complex in its physiology and pathophysiology.
Standardization and attention to detail are crucial to the success of

the scintigraphic techniques.
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Abstract: Gastroesophageal reflux disease (GERD) is a common and growing problem in most western countries. It
may present with the typical symptoms of heartburn and regurgitation or with the effects of extra-esophageal dis-
ease. We have developed and validated a scintigraphic test that evaluates reflux at both sites in patients at high risk
of laryngopharyngeal reflux and lung aspiration. We hypothesized that the test may be able to separate physiologic
reflux from pathological reflux and examined this possibility in normal asymptomatic volunteers. Asymptomatic
volunteers were screened with the Belafsky reflux symptom index (RSI) and entered into the trial if scores were less
than 13. %®™Tc Phytate was ingested orally and dynamic studies from the pharynx to the stomach were obtained
while upright and supine. A delayed study of the thorax was also obtained for lung aspiration of refluxate. Studies
were semi-quantitated graphically as time-activity curves. A total of 25 volunteers were studied (13 M, 12 F) with a
mean age of 57.5 yr (Range 40-85 yr). None gave a history of heartburn or regurgitation. Mean RSI was 4.1 (range
0-10). Testing showed upright gastroesophageal reflux to the mid-upper esophagus without pharyngeal contamina-
tion in 32%. None of the subjects showed supine reflux or lung aspiration. This result corresponds well with intralu-
minal impedance/pH monitoring in normal volunteers. The scintigraphic reflux test gives similar results to standard
intraluminal impedance/pH studies in normal volunteers. A significant proportion of asymptomatic volunteers dem-
onstrate upright reflux only.

Keywords: GERD, gastroesophageal reflux disease, scintigraphy, normal volunteers, asymptomatic, upright reflux

Introduction well understood, particularly laryngopharyn-

geal reflux (LPR) [9]. The symptoms of LPR
Gastroesophageal reflux disease (GERD) is include throat clearing, persistent cough, glo-
common [1] with a growing prevalence in bus pharyngeus, and dysphonia. Unfortunately,
Western society [2]. The increasing preva- the diagnosis of LPR has been quite difficult,
lence has been linked to obesity [3] which in with recent work indicating that intraluminal
itself is linked to an increased prevalence of esophageal impedance studies utilising a pha-
diabetes mellitus [4, 5]. This triad of diseases ryngeal electrode may help to establish the
contributes to the overall increase in chronic diagnosis, although the technique remains in
disease, which has been estimated to reach question due to interobserver variability [10].

$US10.059 Trillion by 2022, an annual growth Furthermore, there is a significant overlap
rate of 5.4% [6] of GERD and LPR symptomatology, although

many of the symptoms of LPR are often over-
looked [11]. There is clearly potential for a sim-
ple test that can demonstrate LPR and lung
aspiration of refluxate with some degree of
certainty.

It has been estimated that approximately 45%
of the population in most western countries
suffers from GERD [7]. GERD is a condition th-
at is characterised by the symptoms of heart-
burn and regurgitation [8]. However, the extra- A relatively simple scintigraphic test for the de-
esophageal manifestations of GERD are less tection of gastroesophageal reflux disease at
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Reflux studies in normal subjects

Table 1. LARYNGO-PHARYNGEAL REFLUX SYMTPOM INDEX

Symptom

Hoarseness or a problem with your voice
Clearing your throat

Excess throat mucous or postnasal drip
Difficulty swallowing foods, liquids, or pills
Coughing after you eat or after lying down
Breathing difficulties or choking episodes
Troublesome or annoying cough

Sensations or something sticking in your throat or a lump in your throat
Heartburn, chest pain, indigestion, or stomach acid coming up

Within the last month, how did the following problems affect you? (0= No problem to 5= severe problem).

the level of the esophagus and in the extra-
esophageal structures such as the laryngo-
pharynx and lungs has been developed and
validated [12, 13]. As sulfur colloid is no longer
available in Australia, the replacement agent,
mTc Phytate is currently in use for gastro-
esophageal studies such as reflux and gastric
emptying. The current study presents the ap-
plication of the scintigraphic test to a group of
normal (asymptomatic) subjects in order to
assess the background rate and pattern of
physiological gastroesophageal reflux and any
characteristics that distinguish it from patho-
logical reflux.

Materials and methods
Subject demographics

Volunteers (= 40 years of age) were screen-
ed for symptoms of gastroesophageal reflux
disease with questions regarding heartburn,
regurgitation and globus etc. The reflux symp-
tom index (RSI) of Belafsky et al. [14] was also
administered. Nine symptoms pertaining to
reflux are graded from O (none) to 5 (most
severe) and the sum of these scores is the
reflux symptom index. The relevant criteria are
shown in Table 1 [14]. Subjects with an RSI
score above 13 were excluded from the study.
Other exclusion criteria included pregnancy,
history of abdominal surgery, asthma or known
lung disease.

Ethical considerations

The study was approved by the institutional
ethics committee of the University of Notre
Dame, Sydney Campus (Reference number
015149S). In adherence to Human Research

Ethics Committee (HREC) guidelines all pati-
ents were provided with a Participant Infor-
mation Sheet which outlined the project, risks
involved and intended outcomes of the study.
Written consent was obtained from all sub-
jects. The use of ionising radiation requires
extra provisions to be imposed. This is out-
lined in the Code of Practice for the Exposure
of Humans to lonizing Radiation for Research
Purposes published by the Australian Radia-
tion Protection Safety Agency. The code im-
poses restrictions that subjects not be under
the age of 40 years, but where practical under
the age of 50 years.

The dose estimate was extrapolated from the
data published in the Knight et al. paper which
calculated the effective dose for non-nutrient
liquid gastric emptying studies [15].

In accordance with ethics approval the dose,
was calculated by a qualified Radiation Safety
Officer, who utilised the International Commis-
sion on Radiological Protection (ICRP) guide-
lines to estimate the effective dose to the
patient. In optimising patient exposure, *°"Tc
Phytate is considered the ideal agent given its
characteristic of not crossing the mucosal bar-
rier of the stomach. The radiation exposure of
the °°™Tc Phytate for the administered mean
dose of 60 MBq was estimated at 0.97 mSv
[15].

Scintigraphy

Subjects were fasted for 6 hours prior to the
test. A dose of 60-70 MBq of *°"Tc Phytate
was administered in 50 mL of water followed
by a further 50 mL of water to clear the oro-
pharynx and esophagus. Dynamic images we-
re acquired upright for 2 minutes then supine
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%

Pharynx
Esophagus

Stomach

Positive reflux study

Figure 1. Summed image of frames from a supine study in a normal subject.
There is no evidence of significant activity within the esophagus. Compare
this with a dynamic study from a patient with symptomatic GERD, where
there is significant reflux to the level of the oropharynx and activity visu-
alised within the oesophagus. There is no other activity within the thorax
thus identifying that any activity visualised is within the oesophagus and
occasionally will be due to immediate aspiration of refluxate into the lungs.
The central region of interest is placed just above the penumbra of scatter
from the stomach activity. This is the initial step of analysis of the study and
is useful for showing subtle reflux.

Upright dynamic study
-

X

Oropharynx

Figure 2. The sequence of dynamic images from the upright study demon-
strates subtle reflux to the level of the upper esophagus in a normal vol-
unteer. There is moderate retention of activity in the oropharynx from the
initial tracer administration. One of the important technicalities is to place
the region of interest below the oropharyngeal activity in order to capture
the signal from the laryngopharyngeal region.

5
’ Reflux

Stomach

arynx/laryngopharynx to ba-
ckground was obtained. Liquid
gastric emptying was calculat-
ed by an exponential fit to
the time-activity curve for the
stomach. The only structures
visualized in the scintigraphic
studies are activity in the ph-
arynx/laryngopharynx, esoph-
agus and the stomach. No
other organs are visualised
until acquisition of the late
study which may show activity
in the lungs as the scintigra-
phic agent does not cross the
mucosal barrier and there is
no significant background ac-
tivity other than scatter from
the stomach.

Statistics

All statistical analysis was
obtained with the Statistical
Package for the Social Sci-
ences (SPSS) Version 24 (IBM,
New York, USA).

Results
Subject demographics

The study group of 25 sub-
jects was comprised of 13
males and 12 females with a
mean age of 57.5 years (SD
12.7, Range 40-85 years).
None gave a history of heart-
burn, regurgitation or chronic
cough. The mean Belafsky RSI
score was 4.1 (Median 4.0,
SD 3.6, Range 0-10). Three
other subjects were excluded
as the scintigraphic scans sh-

for 30 minutes on a Hawkeye 4 hybrid gamma
camera (General Electric, Milwaukee, United
States) with the mandible and stomach in the
field of view (Figures 1 and 2). Delayed static
imaging was obtained 2 hrs later for assess-
ment of lung aspiration of refluxate. Image
analysis is shown in Figures 3 and 4. Time-
activity curves were obtained for the pharynx/
laryngopharynx, upper esophagus and back-
ground. Background subtracted curves were
obtained for the pharynx/laryngopharynx and
upper esophagus. A ratio of the curves for ph-

owed significant GERD when supine and sub-
sequent investigations (pH/impedance and
manometry) confirmed disease, although the
Belafsky RSl scores were below 13 (silent
LPR). These three subjects had findings consis-
tent with LPR on subsequent laryngoscopy.

Scintigraphic scan findings

Eight of 25 subjects (32%) demonstrated gas-
troesophageal reflux to the mid-upper esopha-
gus when upright which did not reach the phar-
ynx (Figure 2). No subject had supine reflux or
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Laryngopharynx
Nasopharynx

Lung aspiration

Fused Coronals Fused Sagittals Fused Transaxials

Figure 3. Abnormal patient study. The fused SPECT/CT images of the head, neck and chest demonstrate evidence
of refluxate contaminating the oropharynx, laryngopharynx, and nasopharynx. There is also evidence of aspiration
of refluxate into the lungs. These studies are routinely acquired in the patient studies. This could not be done with
the asymptomatic volunteers due to restrictions of radiation exposure. It provides good orientation of the anatomy
when the functional images are fused with the low-dose CT, allowing visualisation of hiatus hernias and possible
compression of the cardiac structures.
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Figure 4. Analysis of supine images. This is a dynamic study obtained for 30 minutes. ROl demonstrates the regions
of interest and background over the right lung. The time-activity curves for the pharynx/laryngopharynx (red) with
the fitted curve (pink) and the upper esophageal curve (yellow) is shown in the top right panel. Liquid gastric empty-
ing time is shown in the lower left panel. Background activity is illustrated in the lower right panel. Various numeric
indices can be derived from these curves.

pharynx/laryngopharynx or upper esophagus.
Most curves showed a declining pattern with a
minority having a flat pattern (n=4). The analy-

evidence of aspiration into the lungs in the
delayed study.

Analysis of the scintigraphic studies showed no
evidence of a rising time-activity curve for the

sis of the ratio of area under the curve for phar-
ynx/laryngopharynx to background was a me-
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an of 1.1 (Median 1.1, SD 0.59, Range 0.10-
1.70). The mean amplitude for the pharyngeal/
laryngopharyngeal to background curve was
1.2 (Median 1.6, SD 1.1, Range 0-2.3).

There was no significant correlation between
subjects with upright gastroesophageal reflux
and the RSI (p>0.05).

Liquid gastric emptying was a mean of 6.5 min-
utes (Median: 6.8, SD: 3.4, Range: 1.0-10.0).

The radiation exposure of the **"Tc Phytate for
the administered mean dose of 60 MBg was
estimated at 0.97 mSv [15].

Discussion

The findings of upright reflux in 32% of asymp-
tomatic volunteers which does not reach the
pharynx is similar to the results of 24-hour
ambulatory intraluminal esophageal impedan-
ce and pH monitoring in healthy volunteers
[16]. In that study, a median of 34% of upright
reflux reached the proximal esophagus with
acid reflux being twice as common as weakly
acidic reflux. This also illustrates the findings
previously reported, whereby reproducibility is
adversely affected at RSI scores <13, as no
patient who demonstrated upright reflux had
an abnormal RSl score [17].

The scintigraphic test provides visualisation of
reflux in the esophagus in the early dynamic
studies and allows an assessment of the ma-
ximal level of the reflux episodes (Figure 2).
With appropriate quantification, one can enu-
merate these findings (Figures 3 and 4). Most
importantly, the pH of the refluxate is of no
relevance to the degree or extent of reflux as
it is a purely functional phenomenon of tracer
in water that demonstrates the relevant patho-
physiology. Hence the ability of the test to pro-
vide visualisation of acidic or basic refluxate,
which becomes important in the detection of
reflux in patients on maximal antacid therapy
or with weakly acidic or alkaline reflux, as often
happens in cases of LPR [18].

Physiological upright gastroesophageal reflux
is common for a number of reasons. Combined
intraluminal esophageal manometry and pH
studies in normal volunteers has shown that
the lower esophageal sphincter (LES) is more
competent when supine than upright [19]. This
occurs even when the resting lower esophageal

sphincter pressure is normal. The study also
showed that physiologic reflux is unaffected by
age, is generally asymptomatic and of short
duration. It mostly occurs after meals and rare-
ly during sleep. Upright reflux is rapidly cleared
by swallowing. The sequence of observations
suggests that factors other than gravity influ-
ence reflux in the upright position. One could
hypothesize that when upright the gastric air
bubble moves into the fundus and may indu-
ce a venting reflex with a resultant fall in LES
pressure. It has been suggested that the air
bubble in the fundus may stimulate mechano-
receptors that lead to transient lower esopha-
geal sphincter relaxations, permitting intermit-
tent reflux [20-23]. Demeester et al. [19] did
note a much higher incidence of burping in
these patients in support of this hypothesis.
Comparative manometric measurements bet-
ween the upright and supine position in normal
volunteers has also shown a mean pressure
drop of 12 mmHg between the stomach and
mid-esophagus when upright [24].

This scintigraphic reflux study is critically de-
pendent on close attention to technical de-
tails. The volume of fluid introduced into the
stomach is important, as distension by large
volumes can induce reflux. Such a phenome-
non has been shown to be due to an incre-
ase in transient lower esophageal sphincter
relaxations as stomach volumes increase from
250 to 500 mL [25]. While smaller volumes
may underestimate the degree of reflux, the
literature suggests that optimal results are
obtained with approximately 150 mL of fluid
[26, 27]. Sampling rates for the dynamic stud-
ies are also critical. Earlier experience with 60
second sampling found significant degrees of
reflux could be missed and more appropriate
sampling times have been shown to be in the
vicinity of 15 seconds per frame [28]. This does
not diminish the ability to detect reflux events
as images can be summed together for qualita-
tive assessment (Figure 1).

The quantification of the reflux studies has
elicited mixed results in the past, with some
authors finding it to be helpful [29] and others
showing it to be inferior to visual interpreta-
tion [30]. We have found it to be helpful as
time-activity curves can be utilised to assess
the time to clear the esophagus and pharynx/
laryngopharynx of refluxate (rising versus de-
clining curves and the ratio of area under the
curve for pharynx/laryngopharynx to back-
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ground indicating the delay in clearance with
rising ratios). One has to be careful with pla-
cement of the regions of interest in order to
avoid any retained activity in the oropharynx
contaminating the data. The top of the region
of interest must be placed below the orophar-
ynx in order to include the inferior part of the
pharynx and the laryngopharynx (See Figure
2). The spikes of increased activity in the time
activity curves may be helpful in indicating the
frequency of reflux and provide an estimate of
the volume of reflux from the amplitude mea-
sures (Figure 4). These variables have been
shown to correlate with intraluminal esopha-
geal impedance/pH studies [31]. Findings in
this study showed an amplitude and area un-
der the curve ratio for pharynx/laryngopharynx
that was close to 1, indicating it approximated
background readings. None of the time-acti-
vity curves showed a rising pattern indicative
of progressive reflux and/or an impaired clear-
ance mechanism.

The issue of noise, especially related to the
small dose of tracer used in the study (~100
MBq) is less of a problem than in other scinti-
graphic studies as the background level of
activity in the thorax is relatively low as there
is generally no systemic absorption and the
principal contributor is scatter from activity in
the stomach. Images can be scatter-corrected
to overcome this problem. This is more likely
to affect the lower third of the esophagus than
the laryngopharyngeal and upper esophageal
regions of interest. Poisson noise can be han-
dled by filtering. The consistency of the time-
activity curves for the pharyngeal/laryngophar-
ynx and upper esophagus can also distinguish
random noise from spikes of activity within the
esophagus by the consistency of occurrence in
the temporal domain. Modelling has demonstr-
ated that as little as 0.1 MBq can be detected
in the lungs, increasing the level of confidence
for detection of aspiration of refluxate as there
is no significant activity in the lung other than
scatter from the stomach [32]. Scatter correc-
tion can significantly reduce this activity as
well.

Conclusions

This study in normal volunteers has shown th-
at approximately one third of asymptomatic
patients have scintigraphically evident gastro-
esophageal reflux when upright. None of the
“normals” demonstrated reflux when supine.

No contamination of the pharynx or lungs by
refluxate was demonstrated in the normal sub-
jects. Such findings accord well with the large
multi-centre trial in normal volunteers utilising
intraluminal impedance/pH studies. The scinti-
graphic study has a low radiation dose, is sim-
ple to perform and well tolerated. Although
simple, the scintigraphic study requires careful
attention to detail in terms of the methodology
and technicalities. Appropriate quantification
is important in order to maintain fidelity of the
technique.
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Fungal Pneumonia in The Immunocompetent Host: A Possible Statistical
Connection Between Allergic Fungal Sinusitis with Polyposis and Recurrent
Pulmonary Infection Detected by Gastroesophageal Reflux Disease
Scintigraphy

Imminokompetan Hastada Fungal Pnémoni: Polipozis ile Alerjik Fungal Sindzit ve
Gastrodzefageal Refli Sintigrafisi ile Saptanan Tekrarlayan Pulmoner Enfeksiyon Arasinda
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Abstract

Objectives: Fungal pneumonia in the immune competent host is a rarity with few reported cases in the literature. We present a series of 7 cases
of recurrent fungal pneumonia in association with allergic fungal rhinosinusitis and gastroesophageal reflux disease (GERD). We hypothesised
that recurrent infection may have been transported from the infected paranasal sinuses into the lung by GERD as the process was terminated by
surgical fundoplication in 2 of these patients.

Methods: Patients were recruited into the study if they were immune competent and had recurrent fungal pneumonia and GERD. Allergic fungal
rhinosinusitis was proven by biopsy. GERD was investigated by a scintigraphic test that assessed local oesophageal disease, lung aspiration and
head and neck involvement with a hybrid gamma camera and X-ray computed tomography.

Results: All patients were shown to have GERD with 5/7 showing paranasal sinus contamination and 7/7 showing laryngopharyngeal involvement
and 6/7 lung aspiration. One patient had characteristics strongly predictive of aspiration. Fundoplication led to cessation of fungal lung infection
in two patients.

Conclusion: Recurrent fungal pneumonia in the immune competent host should raise the possibility of re-infection from the paranasal sinuses,
especially in patients with GERD.

Keywords: Allergic, fungal, rhinosinusitis, pneumonia, reflux, scintigraphy

Oz

Amac: immiinokompetan hastada fungal pnémoni literatiirde az sayida olguda bildirilmistir. Bu yazida alerjik fungal rinosiniizit ve gastroézofageal
reflii hastaligi (GORH) ile iliskili tekrarlayan fungal pnémonisi olan 7 olgu sunulmustur. Bu hastalarin 2'sinde cerrahi fundoplikasyon ile tekrarlayan
fungal pndmoni ataklar sonlandig icin, tekrarlayan enfeksiyonun enfekte paranazal siniislerden GORH ile akcigere tasindigini varsaydik.
Yontem: Tekrarlayan fungal pnémonisi ve GORH olan immiinokompetan hastalar calismaya alindi. Alerjik fungal rinosiniizitin varligi biyopsi ile
kanitlandi. GORH, lokal 6zofagus hastalig, akciger aspirasyonu ve bas-boyun tutulumunu bir hibrit gamma kamera ve X4sini bilgisayarl tomografi
ile degerlendiren bir sintigrafik test ile arastirildl.

Address for Correspondence: Hans Van Der Wall MD, University of Notre Dame, CNI Molecular Imaging, Sydney, Australia
Phone: +61297361040 E-mail: hvanderwall@gmail.com ORCID ID: orcid.org/0000-0003-4184-3330
Received: 10.12.2019 Accepted: 03.02.2020

©Copyright 2020 by Turkish Society of Nuclear Medicine
Molecular Imaging and Radionuclide Therapy published by Galenos Yayinevi.

72



168

Mol Imaging Radionucl Ther 2020,29:72-78

Burton et al. Fungal Pneumonia in the Immunocompetent Host

Bulgular: Tiim hastalarda GORH oldugu gésterildi. Yedi hastanin 5'inde paranazal sinis kontaminasyonu, tamaminda laringofaringeal tutulum
ve 6'sinda akciger aspirasyonu gosterildi. Bir hastada aspirasyonun oldugunu gliclii bir sekilde éngdren ézellikler vardi. Fundoplikasyon iki hastada

fungal akciger enfeksiyonunun kesilmesine yol acti.

Sonug: immiinokompetan hastalarda tekrarlayan fungal pnémoni, ézellikle GORH olan hastalarda paranazal sintislerden re-enfeksiyon olasiligini

distndurmelidir.

Anahtar kelimeler: Alerjik, mantar, rinosiniizit, pndmoni, refll, sintigrafi

Introduction

The Aspergillus species of fungus is widespread and
generally acquired by inhalation of airborne spores. The
immunocompetence of the host is a critical factor in the
establishment of invasive infection. More rarely, infection
may occur in the immunocompetent host, as has been
described by a number of authors (1,2,3). Such cases
have been described since 1959 (4). These cases include
patients with chronic fungal infections of the maxillary
sinuses, mediastinum, lymph nodes and direct pulmonary
involvement. The cohort in which the biggest of these
series has been described (3) have consisted relatively
young men and women. In that series 9 of 18 patients had
allergic fungal sinusitis with polyposis with a background of
chronic rhinosinusitis.

This paper presents 7 patients with recurrent pulmonary
infections who are distinguished from most previous
reports in terms of a connection between recurrent fungal
pneumonia and allergic fungal sinusitis with polyposis.
Several of these patients had undergone lobectomy
to eradicate the primary infection of the lungs with
subsequent recurrence elsewhere in the lungs. All patients
gave a history of symptomatic gastroesophageal reflux
disease (GERD), and were tested with a scintigraphic reflux
study (5,6) to evaluate the presence of disease within
the oesophagus, paranasal sinuses and the possibility of
aspiration of refluxate into the lungs. The findings led
to exploration of a possible connection between these
conditions and surgical intervention, supporting the
conclusions.

Based on this case series, we hypothesised that there might
be a connection between severe GERD with aspiration
into the lungs, recurrent pulmonary fungal infections and
allergic fungal sinusitis with polyposis

Materials and Methods

Patient Group

Consecutive patients with fungal pneumonia were
referred to a single Nuclear Medicine practice as part
of a large research study to evaluate extra-oesophageal
manifestations of GERD over a period of 3 years. All
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patients had established GERD on the basis of 24-hour
pH, manometry and impedance monitoring and most
had undergone upper gastrointestinal endoscopy and
ear, nose and throat assessment with laryngoscopy. The
presence of allergic fungal sinusitis with polyposis had been
confirmed by biopsy of tissue from the paranasal sinuses,
although culture had been unsuccessful in 3 of 7 cases.
There was no evidence of invasion or mycetoma formation
in these patients. Microscopy of lung tissue obtained by
lobectomy or bronchoscopy confirmed semi-invasive fungal
disease (7 asperdgillus species) in all patients. Immunological
testing had confirmed immune competence in all patients.
Patients with fungal disease being treated for malignancy
or following organ transplantation were excluded from the
study.

All patients were on proton pump inhibitor (PPI) therapy at
the time of the study and were clinically assessed with the
Belafsky Reflux symptom index score (7).

Ethical Considerations

A database of patients with either proven or suspected
GERD/Laryngopharyngeral  reflux (approved by the
Institutional Ethics Committee of University of Notre Dame
015149S) was maintained prospectively.

Statistical Analysis

All statistical analysis was performed on the Statistical