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Abstract 32 patients was revised laparoscopically, and 4 patients re-
Background:Laparoscopic fundoplication has become thequired laparotomy. Beyond 1 year (median follow-up pe-
standard for operative treatment of gastroesophageal refluxod, 27 months), 94% of the reviewed patients were satis-
disease (GERD). fied with their surgical outcome.

Methods:We reviewed our experience with 1,000 consecu-
tive patients receiving laparoscopic fundoplication for
GERD ( = 882) or paraesophageal hernia & 118)
between October 1991 and July 1999. Patients with ach
lasia and failed fundoplication were excluded from analysis:
All the patients were evaluated preoperatively by upper en-
doscopy, esophageal manometry, and barium swallow. Af-

ter 1994, 24-h pH monitoring was performed selectively ingagrpesophageal, reflux disease (GERD) is a chronic con-
patients with extraesophageal symptoms and/or those Withyiion with progressive symptoms. An estimated 35% to

Key words: GERD — Laparoscopic surgery — Nissen fun-
aqoplication — Paraesophageal hernia

out erosive esophaygitis. There were 490 men 510 women iBng4, of patients with GERD require lifelong medical treat-
this review. Their mean age was 49 years. Procedures pefient Cessation of medication frequently leads to recur-

formed were 360° floppy fundoplicatiom (= 879), 360°  once of symptoms and/or injury to the esophagus, larynx,
fundoplication without fundus mobilization (Rosset) £ o tracheobronchial tree [1, 11, 13]. Whereas medical
22), 270° posterior fundoplicatiom (= 96), and anterior yyerapy generally is effective at controlling heartburn, it
fundoplication (1 = 2). Esophageal lengthening procedure yoeg ot correct the mechanical and functional abnormali-
(Collis gastroplasty) was performed in combination ith ieg that cause reflux. There also are concerns regarding the
fundoplication in 15 patients. In seven patients the treatmenty nense  effectiveness, and side-effect profiles of medica-
was convgrted to open fundoplication. tions prescribed for the treatment of GERD. Given the
Outcomes:The average length of hospitalization was 2.2 . gice ‘many patients prefer surgical correction of the de-

days, and 136 patients stayed longer than 2 days. MajQgtive antireflux mechanism over pursuing a lifetime of

complications occurred in 21 patients: esophageal perforags,qgical therapy [1].

tion (n= 10), acute paraesophageal herniation= 4), Paraesophageal hernias represent a different clinical
splenic bleedlngr(_ = 2), cardiac arresn(= 1.)'. pneumonia  nroplem. These large hiatal hernias constitute less than 5%
(n = 3), and testicular abscess & 1). Additional opera- ot 5| hiatal hernias, but account for most of the hiatal hernia
tions were required to manage the complications in 14 pawqmpjications. Traditionally, the presence of types 2, 3, and
tients (70%): Four of these procedures were performeg, naraesophageal hernias has been an indication for elective
emergently, and 10 patients underwent reoperation betW,eeéhrgical repair [4, 5] because the complications may be
6 h and 10 days. There were three deaths, all of which,qjgioys (e.g., anemia) or immediately life threatening
involved elderly patients with paraesophageal hernia. Ther .g., strangulation).

were 35 late failures requiring reoperation for recurrence o éutured hiatal hernia closure and laparoscopic floppy
GERD or development of new symptoms: The treatment 0bgqe fndoplication (Nissen) have become the surgical stan-

dard for patients with GERD and paraesophageal hernia in
- the United States. This minimally invasive approach to
Correspondence tal. G. Hunter GERD and paraesophageal hernia has vastly increased the
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Table 1.Age and gender of patient populatiom & 1,000) normally distributed about a mean in the fifth decade (Fig. 2). In contrast,
the mean age of patients with the diagnosis of paraesophageal hernia was
Women Mean age  Men Mean age 65 + 13 years, and nearly two-thirds of these patients were women.
n (%) (years) n (%) (vears) Most of the patients with GERD were referred by gastroenterologists
for the management of typical reflux symptoms (heartburn, regurgitation,
GERD 428 (49) 49+13 454 (51) 45+£13  and dysphagia) and/or atypical symptoms (chest pain, cough, hoarseness,
Paraesophageal and asthma) that were completely or incompletely eliminated with aggres-
hernia 82 (69) 65+13 36 (31) 6313 sive medical therapy.
Total 510 (51) 52+15 490 (49) 4614 Esophagogastroduodenoscopy (EGD) was performed on all patients
preoperatively. Patients with Barrett's esophagus had extensive preopera-
GERD, gastroesophageal reflux disease tive biopsy (four-quadrant biopsy for each 2 cm of Barrett's esophagus).

All histology from other institutions was reviewed at Emory University
Hospital when the diagnosis was in doubt, or when a diagnosis of dysplasia

popularity of surgical repair Ieading to a fourfold increasehad been assigned. Barium swallow was performed on all the patients to
! sess the size of the hiatal hernia, to determine esophageal length, to

In_the use of this prOQEdure over the past decade. The a'm %sentify strictures and diverticula, and to help characterize esophageal mo-
this study was to review the outcomes of 1,000 consecutiveiity disorders. Patients with an esophageal stricture were treated with
primary laparoscopic fundoplications for GERD and para-intensive medical therapy and dilated each 1 to 2 weeks preoperatively
esophageal hernia at a university swallowing center. until a dilator 46 Fr or larger passed easily. _
Esophageal motility testing was used on all patients to assess esopha-
geal body and lower esophageal sphincter function. In general, if distal
. esophageal body peak amplitude was lower than 30 mmHg or if less than
Patients and methods 70% of wet swallows induced peristalsis, a partial (Toupet) fundoplication
was performed. All other patients received complete (Nissen) fundoplica-
Between October 1991 and July 1999, 1,000 consecutive patients undetion.
went primary laparoscopic fundoplication for GERD £ 882) or para- Whereas 24-h ambulatory pH monitoring was performed in all patients
esophageal hiatal hernia & 118) at the University of Utah Hospitah (= before 1994, it was used selectively after 1994 only in patients with su-
13 patients) or the Emory University Hospital and Crawford Long Hospital praesophageal reflux symptoms and/or patients without EGD findings of
(n = 987 patients). Patients with a diagnosis of achalasia or failed fundoesophageal injury (Savary-Miller class 0-1). The rationale for this approach
plication were excluded from this analysis. There has been a steady invas reported previously [21].
crease in the number of laparoscopic antireflux procedures performed at Gastric emptying studies were used liberally to evaluate reflux patients
our institutions over the past 8 years (Fig. 1). Paraesophageal hernia repaiith normal lower esophageal sphincter manometrics, vomiting, diabetes,
has grown similarly but at a lower rate. prominent gastric symptoms, retained food or bezoar on EGD, or a history
There were 510 women and 490 men in this study. The mean age wasf peptic ulcers. Patients with a gastric emptying half-time, that was twice
52 + 15 years for the women and 46 + 14 years for the men (Table 1). Irthe upper limit of normal, were considered candidates for pyloroplasty or
patients with GERD, there was an equal gender distribution, and age wasyloromyotomy at the time of laparoscopic fundoplication.
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Table 2.Barrett's esophagus and esophageal stricture A 270° posterior fundoplication (Toupet) was used liberally early in
this study in patients with no hiatal hernia. Subsequently (after 1993), it
GE_R%82 PET TOtfl was performed only in patients with impaired esophageal motility, as de-
(n= ) (n = 118) (n = 1000) scribed earlier. Partial anterior fundoplication (Dor) was performed rarely,
, and Collis gastroplasty was performed when thorough mobilization of the
gtariréflgtrz esophagus 81710 39 91019 distal esophagus from the mediastinum did not achieve a 2-cm length of
\ intra-abdominal esophagus without tension.
Barrett's esophagus Pyloroplasty was performed when gastric half-emptying time exceeded
and stricture 13 2 15 yloroplasty p g pying

Total (%) 210 (23.8%) 14 (11.9%) 224 (22.4%) 150 min, and_ cholecystectomy was added for sympt_omatic cholelithiasis.

Highly selective vagotomy was used extremely sparingly, and only after
peptic ulcers were documented in a helicobacter-negative, salicylate-
negative, gastric acid hypersecretor.

GERD, gastroesophageal reflux disease; PEH, paraesophageal hernia

The indications for fundoplication were (a) gastroesophageal reflux
incompletely controlled or refractory to standard doses gftéckers, R
proton pump inhibitors, and prokinetic agents; (b) gastroesophageal reflupata acquisition and management
controlled with these agents in patients who did not wish to take medica-
tions chronically because of young age, medication expense, medication . . .
dependence, medication side effects, or quality of life issues; (c) Comp|iAII‘data were gathered prospectively and entered into a Mlcrosoft_ Access
cations of GERD such as Barrett's esophagus, esophageal stricture, gMicrosoft Corporation, Seattle, WA, USA) database. Preoperative data
laryngotracheal aspiration; and (d) presence of symptomatic paraesophicluded patient demographics, barium swallow findings, EGD findings,
geal hernia. esophageal motility study, 24-h ambulatory pH monitoring, and gastric-
Contraindications to laparoscopic fundoplication included severe caremptying study. Subjective symptom score (SSS) assessment was per-
diopulmonary disease, inability to tolerate general anesthesia, uncorrecformed until 1997 with a 5-point Likert scale from 0 to 4: 0, (no symp-
able coagulopathy, and pregnancy. Patients with previous open procedurégms), 1 (infrequent symptoms), 2 (occasional symptoms, sometimes both-
about the gastroesophageal junction (e.g., vagotomy and antrectomy) weegsome), 3 (frequent symptoms, often bothersome), and 4 (incapacitating
approached through a laparotomy, but other abdominal operations (e.gsymptoms). This grading system was changed in 1997 to a range of scores
prior cholecystectomy, splenectomy, colectomy) were not considered corfrom 0 to 3: 0 (no symptoms), 1 (mild symptoms), 2 (moderate symptoms),

traindications to laparoscopic fundoplication. and 3 (severe symptoms). For purposes of this analysis, pre-1997 scores of
3 and 4 were grouped together because they both represented severe symp-
toms.
. Operative data, length of stay, complications, and follow-up testing
Surgical procedure results also were recorded in the database. Postoperative questionnaires

included additional questions about the patients’ overall satisfaction with
Laparoscopic fundoplication has remained a five-trocar technique, whictsurgical result, need for medication, and further problems requiring phy-
evolved over 9 years at our institutions [15]. Common to all such opera-sician assessment and/or intervention. Postoperative scores were obtained
tions was complete dissection of the crural diaphragm, mobilization of then the clinic by the nursing staff 4 to 6 weeks after surgery. All the forms
gastric fundus away from the spleen and left hemidiaphragm, division ofwere completed by patients without staff assistance or intervention. lden-
the posterior gastric vessels, mobilization of 2 to 3 cm of the distal esophatical symptom assessment forms were mailed to each patient annually,
gus from the mediastinum, sutured closure of the diaphragm (with? cmthereafter. From 1994 to 1996, quality-of-life assessment was performed
Teflon pledgets after 1995), and performance of a short (<2 cm), floppybefore and after surgery, using the Short form 36 (SF-36). These results
(loose around a 56- to 60-Fr dilator), 360° fundoplication. Three inter-have been reported elsewhere [20].
rupted 2-0 silk or braided nylon sutures were used to form the fundopli-  Of the 1,000 patients, 824 completed preoperative symptom assessment
cation, and after 1998, an additional suture was placed between the poguestionnaires. The symptom score sheets of the remaining patients were
terior esophagus and the fundoplication. No sutures were placed betweencomplete, lost, or otherwise unusable. Of these 824 patients, 787 (96%)
the stomach and the diaphragm after 1996. The 360° fundoplication withecompleted one or more postoperative symptom assessment questionnaires.
out mobilization of the fundus (Rossetti-Nissen) was discontinued early inThe mean postoperative follow-up period was 26 months, and the longest
this study when a complication study associated it with excessive dysphdellow-up assessment occurred at 76 months.
gia [7]. At the time this study was closed (7/1/99), 623 patients (operative date
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Table 3.Operative procedures for gastroesophageal reflux disease and paraesophageal hernia

270° Posterior 180° Anterior
360° Fundoplication 360° Fundoplication fundoplication fundoplication Addition of Collis
(Floppy Nissenhn (%) (Nissen—Rosettih (%) (Toupet)n (%) (Dor) n (%) gastroplastyn (%)
GERD (1 = 882) 779 (88) 17 (27) 86 (10) 0 9 (1)
Paraesophageal
hernia o = 118) 100 (85) 5 (4) 10 (8) 31 6 (53)
Total (n = 1000) 879 (88) 22 (2) 96 (10) 3(0.3) 15 (1.5)
ap<0.01
GERD, gastroesophageal reflux disease
Table 4.Additional procedures with laparoscopic fundoplication Results
Laparoscopic procedures )
Cholecystectomy 17 Preoperative assessment
Highly selective vagotomy 2 ) ) ) )
Excision esophageal leiomyoma 3 In 210 of 882 patients (24%) with GERD, complications
?egmental liver éesectlon 11 were present. Barrett’'s esophagus (intestinal metaplasia in
Ini?scigfgl'Chg’rfitorrrﬁ;”pi%,e ! the columnar esophagus) was present in 110 patients, esoph-
Preperitoneal inguinal herniorrhaphy 1 ageal stricture in 87 patients, and both conditions in 13
Laparoscopically assisted procedures patients with GERD (Table 2). Of the 118 patients with a
Right colectomy 1 paraesophageal hernia, Barrett's esophagus was present in 9
Take-down gastrostomy 1

patients, esophageal stricture in 3 patients, and both condi-
tions in 2 patients.

Despite the nearly universal use of proton pump inhibi-
tors by our patients, heartburn was experienced by 79% of

Table 5.Major complications

Morbidity Mortality ~ the patients preoperatively, and scored as severe in 56% of
the patients. Whereas one or more laryngopharyngeal reflux
Procedural _ _ symptoms (cough, hoarseness) or reactive airway disease
Esophagogastric perforation 10 3 symptoms (e.g., wheezing) were present in 45% of the pa-
Acute paraesophageal herniation 4 0 tients. | h | th t ided th
Splenic bleeding 5 ients, laryngopharyngeal or asthma symptoms provided the
Splenectomy 1 0 only indication for fundoplication in 6% of the GERD pa-
Splenorrhaphy 1 tients.
Medical
Cardiac arrest 1 0
Pneumonia 3 0 L .
Testicular abscess 1 0 Operative information
Total 21 3 . . .
The operative procedure was tailored to preoperative mo-
tility findings and intraoperative anatomic assessment
Table 6.Esophagogastric perforations (Table 3). Most of th_e operations (_879_ patients) performed
— : were _floppy 360° (Nissen) fgndophcaﬂpns. A 360° fqndo—
Morbidity Mortality — plication without fundus mobilization (Nissen-Rossetti) was
Intraoperative recognition and repair performed in 22 patients. A 270° posterior fundoopllcatlo_n
via open approach 3 1 (Toupet) was performed in 96 patients and a 180° anterior
Injury from esophageal dilator 1 fundoplication (Dor) in 3 patients. An esophageal lengthen-
Delayed recognition and repair 5 2 ing procedure (Collis gastroplasty) was performed in com-
Injury from esophageal dilator 1 bination with fundoplication in 15 patients. Pyloroplasty
Clinically occult 2 0

Total 10 3 was performed in 13 patients and pyloromyotomy in 4 pa-
tients. Additional procedures performed at the time of fun-
doplication are listed in Table 4. Three of the authors per-
formed the 1,000 fundoplications as follows: 778 operations

before 7/1/1998) of the 824 patients with preoperative symptom scores h ; ;
been followed for more than 1 year after their operation. Of these patientae]'G'H')' 116 operations (G.B), and 106 operations (C.D.S.).

548 (80%) continued to return annual postoperative symptom assessmgxhe mean. operative time was 177 min, (range, 55 min to 7
questionnaires. h and 6 min). The mean length of stay was 2.2 days (range,
1-127 days). Only 136 patients stayed for more than 2 days.

There were seven conversions to laparotomy. Conver-

Statistical analysis sion occurred in patients 50, 86, 98, 236, 363, 535, and 633.
Five of the seven conversions occurred in the surgeon’s first

Comparisons of preoperative and postoperative symptom scores used the)Q Iaparoscopic fundoplications. The reasons for conver-
Wilcoxon signed-rank test. Statistical significance was inferred with

0.001 for each symptom assessed. Continuous data was reported as t'ﬁ'é)n were qdhesmns from prior upper_ abdomlnal o_peratlons
mean  the standard deviation. Comparisons of continuous data were made three patients, eSOPhageal perforation in two patients, and
with the Student's-test. hepatomegaly in two patients.
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Table 7.Laparoscopic fundoplication mortality (= 1,000)

Patient 298 Patient 363 Patient 883
Diagnosis Paraesophageal Paraesophageal Paraesophageal
hernia hernia hernia
Age (years) 73 68 75
Gender F F F
Complication Gastric necrosis Esophageal Esophageal
perforation perforation perforation
Intervention Postoperative swallow Intraoperative repair Postoperative Swallow
(negative) (negative)
Reoperation POD 3 Reoperation POD 10

POD, postoperative day

Table 8.Outcome comparison between gastroesophageal reflux disease and paraesophageal-hernia (

1,000)
Operative Length

No. of duration of stay Major

patients (min) (days) complications Mortality
GERD 882 72 2.0% 9 (1.0%} 0 (0%}
Paraesophageal 118 217 3.9 12 (10%} 3 (2.5%}

hernia

Total 1000 177 2.2 21 (2.1%) 3 (0.3%)
2p < 0.001

GERD, Gastroesophageal reflux disease

Complications complications in 14 patients (70%): 4 performed emergently
and 10 performe 6 h to 14days later.
Major complications occurred in 21 patients (Table 5). Ten
patients experienced esophagogastric perforation (Table 6).
Two of these perforations were caused by esophageal dila- ,
tors, and both perforations occurred in the cervical esopha¥iortality
gus. One patient underwent immediate neck exploration and
repair. The other patient required neck and chest exploratiofhe three deaths in this series occurred in cases 298, 363
for drainage 24 h later. Two perforations were recognizecand 883 (Table 7). All three patients were elderly female
during esophageal dissection, and both procedures wepmatients (ages 68, 73, and 75 years, respectively) with para-
converted to laparotomy. In another patient, the perforatioresophageal hernias. Two patients had esophageal perfora-
was recognized with a routine contrast swallow on postoption, and one had gastric perforation. In the first patient, the
erative day 1. Three patients had a further delay in diagnosissophageal perforation was recognized intraoperatively, so
after a normal contrast swallow on postoperative day 1. Allaparotomy and esophageal repair were performed at the
three patients were explored within 12 h of diagnosis. Thdirst procedure. This patient had a protracted hospital
last two patients had radiographic findings of a containedcourse, with a 127-day hospitalization and subsequent dis-
perforation, but no symptoms or signs of perforation. Theycharge to a nursing home where she died.
were successfully treated nonoperatively. The second patient who died had an uneventful postop-
Acute paraesophageal herniation occurred in four paerative hospital course, including a contrast-swallowing
tients after episodes of coughing and retching. These pastudy before discharge, which showed no evidence of a
tients received immediate reoperation after confirmation oleak. On postoperative day 9, she began to have chest pain
the diagnosis with a contrast swallow. Splenic injury with after strenuous physical activity. She was brought to the
bleeding that exceeded 200 ml occurred in two patients. Iemergency room on postoperative day 10 in septic shock. A
one patient, a retractor caused splenic capsular injury aftezthest computed tomography (CT) scan followed by endos-
the operation had been converted to laparotomy for hepacopy established the diagnosis of distal esophageal perfo-
tomegaly. This injury required splenectomy. The secondation. Despite immediate thoracotomy and repair, she suc-
splenic injury was a capsular tear found on reexplorationcumbed to sepsis in the next 24 h.
Bleeding from this injury was controlled with Avitene. One The third patient who died developed an acute abdomen
patient had a cardiac arrest from an intraoperative arrhythen postoperative day 3 after eating a large meal. Exploratory
mia and was successfully resuscitated without further eventaparotomy showed a perforation in the greater curvature of
A testicular abscess developed in one neurologically imthe stomach, which was caused by either operative trauma
paired patient secondarily to prolonged urethral catheterizaar perforation of a Cameron’s ulcer in her previously incar-
tion. Three patients had a protracted hospital stay because oérated stomach. Despite repair of the stomach, she died on
pneumonia. Additional operations were required to manag@ostoperative day 11 from multiple system organ failure.
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Symptom Scores

- 0-1 none to rare
(e 2 moderate
Bl 3-4 severe

Heartburn
Preoperative Postoperative
57% 5% 3%
25% ,
18%
92%
Regurgitation
Preoperative Postoperative
5 5%
24% eﬁ% ° 30
20%
92%
Dysphagia
Preoperative .
Preoperative
7“%3%
0,
20% 66%
Fig. 3. Symptomatic outcomes after
14% laparoscopic fundoplication (minimum
90% follow-up period, 1 year).
Comparison of operative result as functions of (1.0% and 0%, respectivelyp (< 0.001) (Table 8). Reop-
preoperative diagnoses eration for fundoplication failure was more frequently re-

quired after laparoscopic fundoplication for GERD than for
Paraesophageal hernia repairs were significantly more difearaesophageal hernia (4.2% vs 1.719%; 0.01).
ficult than fundoplication in patients with GERD. The du-
ration of the operation was 217 min in individuals with
paraesophageal hernia and 172 min in patients with GER@ytcome assessment
(p < 0.001). Collis gastroplasty was necessary more fre-
qguently in patients with paraesophageal hernia than in paSubjective assessment of symptoms, quality-of-life assess-
tients with GERD (5.1% vs 1.0%g < 0.01) (Table 3). The ment (using the SF-36), and global satisfaction were the
length of hospitalization was greater for patients with parathree principal measures of outcome assessment in this
esophageal hernia than for patients with GERD (3.9 vs 2.@tudy. Early in our experience, as a quality control measure,
days;p < 0.001). Complication and mortality rates also wereeffectiveness of fundoplication was determined by compar-
significantly higher in patients with paraesophageal herniang pre- and postoperative 24-h pH studies [19]. These stud-
(10% and 2.5%, respectively) than in patients with GERDies demonstrated the elimination of excessive reflux by 24-h
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120. Table 9.Reoperation for fundoplication failure

= Laparoscopic

5 fundoplication

K Causes of failure n = 39 (%)

L

; Transdiaphragmatic fundoplication herniation 29 (74)

s Slipped/twisted fundoplication 4 (10)

2 Fundoplication too tight 3(8)
Esophageal motility disorder 2 (5)
Fundoplication disruption 13

Chest pain Cough Hoarseness Asthma

M Preoperative (] Postoperative

Fig. 4. Frequency of severe extraesophageal symptoms. Reoperation for recurrence of GERD symptoms or de-
velopment of new symptoms was required in 35 patients
between 6 weeks and 4 years after laparoscopic fundopli-

ph probe evaluation in 94% of patients after fundoplication,cation. Evaluation of all symptomatic patients included

with similar symptomatic success using SSS assessmentbarium swallow and EGD. Gastric-emptying studies were

Of all patients with Subjective Symptom Scores (SSS)performed liberally, and esophageal motility was performed
grouped together and followed for more than one year, 9294 all patients before reoperation. Of these reoperations, 32
reported elimination of heartburn or rare symptoms (SSgvere performed laparoscopically, with three patients requir-
0-1). A similar number reported freedom from dysphagiaing laparotomy. The anatomy of failure in 25 patients (71%)
and regurgitation (Fig. 3). Most of the patients with severewas herniation of the intact fundoplication through the hia-
extraesophageal symptoms obtained symptom relief, but ndts. In four patients, the Nissen fundoplication slipped onto
all symptoms were equivalently responsive (Fig. 4). Al-the stomach, one with associated herniation of the fundo-
though it appears that asthmatics had the poorest responsefaication. Three fundoplications were judged to be too tight
fundoplication, symptom improvement was significant, andoecause postoperative dysphagia and fundoplication nar-
more than 70% of those previously steroid dependent wertowing observed on barium swallow did not resolve after 3
able to discontinue the use of steroids postoperatively [17]t0 6 months. These patients were revised to a posterior 270°

When the subjective symptom scores of individual pa_(TOUpet) fundoplication. One fundoplication was found to
tients were compared before and one year or greater afté€e completely disrupted, and another was partially disrupted
operation (Table 10), heartburn was shown to be improve@nd slipped. In two patients, ineffective esophageal peristal-
or cured in 94% of patients and unchanged or worsened ifis developed postoperatively, associated with severe dys-
6% of patients. A similar success rate was seen with reguPhagia in both cases. This problem was addressed with lap-
gitation, with improvement or cure in 95% of patients andaroscopic cardiomyotomy (Heller) and posterior partial
unchanged or worsening symptoms in 5% of patients. Dys(Toupet) fundoplication (Table 9). Dysphagia resolved in
phagia was improved or cured in only 81% of patients,both patients, but one developed moderate gastroesophageal
unchanged in 14% of patients and worsened in 4% of pareflux postoperatively. In addition to these 39 procedures,
tients. Comparing extraesophageal symptoms revealed @ne patient with severe medically refractory dumping syn-
less satisfactory outcome with improvement or cure rates drome was treated with antrectomy and Roux-en-Y gastro-

More than 1 year after surgery, 85 (16%) of the patientgejunostomy 2 years after fundoplication.
reported the use of antacids,-Hlockers, or proton pump
inhibitors. Dyspeptic symptoms were the indication for
medical therapy in most of the patients , and the response Discussion
medical therapy was rarely complete.

In terms of satisfaction with surgical outcome, 97% of Laparoscopic fundoplication has become the most common
the patients were satisfied 6 weeks postoperatively, surgicalperation performed currently for GERD and paraesopha-
outcome, and 96% of patients were satisfied after 1 yeargeal hernia. The outcomes from these procedures have been
Beyond 2 years, 94% of the patients were satisfied withequivalent or better than those from open fundoplication for
their decision to have a laparoscopic fundoplication (medianhese conditions [2, 8, 9, 12, 19, 22] with rare exception [3].
follow-up period, 27 months). To date, this study represents one of the largest experiences

with laparoscopic fundoplication.
In this study, outcome assessment was performed pri-

Fundoplication failure requiring reoperation marily with subjective symptom assessment and patient sat-
isfaction assessment. It has been said that symptomatic as-

Fundoplication revision for anatomic failure was performedsessment may not accurately reflect the status of the anti-

in 39 patients [6]. Four of these operations were performedeflux valve and hiatal hernia repair because patients with

during the initial hospitalization, all for acute recurrence ofdamaged repairs may be asymptomatic, and symptomatic
hiatal hernia. Diaphragmatic stressors (retching, —3; strainpatients may have intact repairs. Although postoperative
ing to urinate, —1) caused all the acute recurrences. All fouanatomic and physiologic assessment may provide the best
acute recurrences were approached laparoscopically, armdsessment of the antireflux valve, it is impractical, incon-
one was converted to laparotomy because of gastric incaxenient, and costly to perform these studies routinely in
ceration. such a large population. Furthermore, it is unlikely that any
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Table 10.Comparison of pre- and postoperative symptoms in individual patients

Improved or

Symptom Preoperativen) curedn (%) unchangeah (%) worsenech (%)
Heartburn 480 452 (94) 14 (3) 14 (3)
Regurgitation 304 289 (95) 12 (4) 3(1)
Dysphagia 308 248 (81) 47 (15) 13{4)
Chest pain 312 235 (76) 51 (16) 26 (8)
Cough 300 231 (77) 53 (18) 16 (5)
Hoarseness 256 205 (80) 39 (15) 12 (5)
Asthma 111 71 (64) 33 (30) 7 (6)

2 New onset postoperative dysphagia remained in 3.3% of patients at 1 year or greater follow-up

intervention, medical or surgical, will be indicated in the pump inhibitors were started. After 1996, however, we
asymptomatic, satisfied patient with fundoplication disrup-asked patients to score their symptoms as they were at the
tion. Only in patients with Barrett's esophagus or those whaime of the initial clinic visit. As might be expected, a
have ulcers or anemia associated with a hiatal hernia recugreater proportion of patients in this study reported no heart-
rence would one be tempted to recommend reoperation ibhurn while on proton pump inhibitors, as compared with the
the absence of symptoms. Nevertheless, the performance eérlier report. Those who believe that fundoplications lose
postoperative 24-h pH may be justified as a quality assurtheir effectiveness over time might expect to see a return of
ance mechanism in research trials and as a means of asseggeoperative symptoms with longer follow-up periods, but
ing postoperative reflux symptoms, especially if anatomicpostoperative symptom scores and satisfaction rating de-
failure is not demonstrated with EGD or barium swallow. creased very little between these two reports. Also, the fail-
Anatomic assessment of the postoperative esophagus witlre rate might be expected to grow with time, but the per-
an EGD is mandatory in patients with Barrett's esophaguscentage of patients requiring a revision has grown very
It is complemented by a barium swallow in patients with modestly from 3.3% to 3.9% over the interim between stud-
recurrent or new postoperative foregut symptoms. ies.

In this study, laparoscopic fundoplication improved or A review of 3,070 laparoscopic fundoplications for
cured typical symptoms of heartburn in 94% of the patientsGERD from 22 centers was published recently [22]. In this
regurgitation in 95% of the patients, and dysphagia in 81%eview, mean or median operating times were 30 to 186
of the patients. New onset dysphagia lasting more than inin, and conversion rates were 0% to 15%. Our operating
year postoperatively was reported in 3.3% of the patientstime was at the long end of this range, and our conversion
Laparoscopic fundoplication improved or cured the atypicalrate was at the low end, reflecting complete meticulous
symptoms of hoarseness in 80% of the patients, cough idissection and the participation of surgical trainees in most
77% of the patients, chest pain in 76% of the patients, andf the procedures. The complication rate in the large review
asthma in 64% of the patients up to 6 years postoperativelyanged from 2.3% to 26%, depending on the definition and
Because the improvement of atypical symptoms is less thadlassification of complications. Three mortalities were re-
uniform, one must be extremely honest in preoperative disported in these 3,070 patients. In this analysis, patients with
cussions with patients who have primarily atypical symp-paraesophageal hernia were largely excluded, accounting
toms. As demonstrated elsewhere, a preoperative responf® the low morbidity and mortality rate reported. In con-
to proton pump inhibitors was the only effective means oftrast, the inclusion of elderly patients with paraesophageal
predicting improvement or elimination of atypical symp- hernia in any study will increase the rate of complications
toms with laparoscopic fundoplication in patients who had[18, 23].
an abnormal 24-h pH study [16]. For the 1,000 patients reported in this study, most of the

Despite less than uniform control of atypical symptoms,complications occurred in patients with paraesophageal her-
94% of all the patients were satisfied with their surgicalnia, as compared with GERD (10% vs 1%, respectively) and
outcome 2 to 5 years postoperatively. This high rate ofall three mortalities occurred in patients with paraesopha-
satisfaction is similar to that reported by others [3]. Highgeal hernia. This difference reflects significant differences
satisfaction levels may be reflected best in studies that havieetween patients with GERD and patients with paraesopha-
looked at objective measures of life quality before and afteigeal hernia as well as the increased complexity of laparo-
laparoscopic fundoplication. Two recent studies, using thescopic paraesophageal hernia repair. The mean age of pa-
SF-36 have demonstrated normalization of many paramtients with paraesophageal hernia was 15 years greater than
eters of poor life quality after successful laparoscopic funthe mean age of patients with GERD, and the number of
doplication [14, 19]. comorbities was greater. In addition, the mean operative

This study represents an update of our experience witkduration was 45 min longer for paraesophageal hernia repair
300 consecutive laparoscopic fundoplication patients reand hospitalization was 1.9 days longer than for GERD.
ported several years ago [8]. The outcomes reported here aBecause of these differences, a number of experts have
not dramatically different from those reported earlier. It questioned the application of laparoscopy to paraesophageal
appears that the number of patients with severe heartbufmernia. As we have achieved more experience with this
preoperatively has decreased, but this merely reflects a ditechnique, complications have decreased significantly. In
ferent method of symptom reporting. Previously, we askedddition, the failure rate of laparoscopic fundoplication for
patients to score their symptoms as they were before protoparaesophageal hernia has been no higher than that seen for
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GERD [6]. Once considerable experience is gained with 9. Luostarinen M (1993) Nissen fundoplication for reflux esophagitis.
laparoscopic fundoplication for GERD, we believe that lap-

aroscopic paraesophageal hernia repair is a reasonable ngxt

step.

reflux procedures has yet to be determined fully, the mid-11.

Although the long-term durability of laparoscopic anti-

term data (2 to 5 years) suggest that the success of laparo-

scopic fundoplication is equivalent to that reported with o

open fundoplication or better [2, 9, 10, 22]. Follow-up
evaluation of this 1,000-patient cohort for 10 to 20 years is

lanned.
p 14,
15.
References
16.
1. Anvari M, Allen C, Borm A (1995) Laparoscopic Nissen fundoplica-

tion is a satisfactory alternative to long-term omeprazole therapy. Br J
Surg 82: 938-942

. Donahue PE, Samelson S, Nyhus LM, Bombeck CT (1985) The floppy

Nissen fundoplication: effective long-term control of pathological re-
flux. Arch Surg 120: 663-668

JA, Crookes PF, Theisen J, DeMeester SR, Sillin LF, Bremner CG

(2000) Laparoscopic repair of large type Il hiatal hernia: objective 19.

follow-up reveals high recurrence rate. J Am Coll Surg 190: 553-561

. Hill LD (1973) Incarcerated paraesophageal hernia: a surgical emer-
20.

gency. Am J Surg 126: 286—291

. Hill LD, Tobias JA (1968) Paraesophageal hernia. Arch Surg 96:

735-744

. Hunter JG, Smith CD, Branum GD, Waring JP, Trus TL, Cornwell M, 21.

Galloway K (1999) Laparoscopic fundoplication failures. Ann Surg
230: 595-660

. Hunter JG, Swanstrom L, Waring JP (1996) Dysphagia after laparo22.

scopic antireflux surgery. Ann Surg 224: 51-57

. Hunter JG, Trus TL, Branum GD, Waring P, Wood WC (1996) A 23.

physiologic approach to laparoscopic fundoplication for gastoresopha-
geal reflux disease. Ann Surg 223: 673-687

18.
. Hashemi M, Peters JH, DeMeester TR, Huprich JE, Quek M, Hagen

Long-term clinical and endoscopic results in 109 of 127 consecutive
patients. Ann Surg 217: 329-337

Luostarinen M, Isolauri J (1993) Fate of Nissen fundoplication after 20
years: a clinical, endoscopic, and functional analysis. Gut 34: 1015—
1020

Mckenzie D, Grayson T, Polk HC (1996) The impact of omeprazole
and laparoscopy upon hiatal hernia and reflux esophagitis. J Am Coll
Surg 183: 413-418

Peters JH, Heimbucher J, Kauer WK, Incarbone R, Bremner CG,
DeMeester TR (1995) Clinical and physiologic comparison of laparo-
scopic and open Nissen fundoplication. J Am Coll Surg 380: 385-393

13. Pope CE (1995) Acid reflux disorders. N Engl J Med 331: 656—-606

Rattner DW (2000) Measuring improved quality of life after laparo-
scopic Nissen fundoplication. Surgery 127: 258-263

Richardson WS, Trus TL, Hunter JG (1996) Laparoscopic antireflux
surgery. Sur Clin North Am 76: 438-450

So JBY, Zeitels SM, Rattner DW (1998) Outcomes of atypical symp-
toms attributed to gastroesophageal reflux treated by laparoscopic fun-
doplication. Surgery 124: 28-32

17. Spivak H, Smith CD, Phichith A, Galloway K, Waring JP, Hunter JG

(1999) Asthma and gastroesophageal reflux:fundoplication decreases
need for systemic corticosteroids. J Gastrointest Surg 3: 477—-482
Swanstrom LL, Jobe BA, Kinzie LR, Horvath KD (1999) Esophageal
motility and outcomes following laparoscopic paraesophageal hernia
repair and fundoplication. Am J Surg 177: 359-363

Trus TL, Laycock WS, Branum GD, Waring JP, Mauren S, Hunter JG
(1996) Intermediate follow-up of laparoscopic antireflux surgery. Am

J Surg 171: 32-35

Trus TL, Laycock WS, Waring PJ, Branum GD, Hunter JG (1999)
Improvement in quality-of-life measurements after laparoscopic anti-
reflux surgery. Ann Surg 229: 331-336

Waring JP, Hunter JG, Oddsdottir M, Wo J, Katz E (1995) The pre-
operative evaluation of patients considered for laparoscopic antireflux
surgery. Am J Gastroenterol 90: 35-38

Watson DI, Jamison GG (1998) Antireflux surgery in the laparoscopic
era. Br J Surg 85: 1173-1184

Wu JS, Dunnegan DL, Soper NJ (1999) Clinical and radiologic as-
sessment of laparoscopic paraesophageal hernia repair. Surg Endosc
13: 497-502



