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Abstract

Background Laparoscopic repair of a large hiatal hernia

is technically challenging. A significant learning curve

likely exists that has not been studied to date.

Methods Since 1992, the authors have prospectively

collected data for all patients undergoing laparoscopic

repair of a very large hiatal hernia (50% or more of the

stomach within the chest). Follow-up evaluation was per-

formed after 3 months, then yearly. Visual analog scores

were used to assess heartburn and dysphagia. Patients were

grouped according to institutional and individual surgeons’

experience to determine the impact of any learning curve.

The outcome for procedures performed by consultant sur-

geons was compared with that for trainees.

Results From 1992 to 2008, 415 patients with a 1-year

minimum follow-up period were studied. Institutional and

individual experience had a significant influence on oper-

ation time, conversion to open surgery, and length of

hospital stay. However, except for heartburn scores during

a 3-month follow-up evaluation of institutional experience

(p = 0.03), clinical outcomes were not influenced by either

an institutional or individual learning curve. Furthermore,

in general terms, whether the procedure was performed by

a consultant or a supervised trainee had little effect on

outcome.

Conclusions Institutional and individual learning curves

had no significant influence on clinical outcomes, although

improved experience was reflected in improved operation

time, conversion rate, and hospital stay. These outcomes

improved over the first 50 institutional cases, and the

outcomes for individual surgeons improved for up to 40

cases.
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Patients with gastroesophageal reflux disease (GERD) can

present with variably sized hiatal hernias, ranging up to a

completely intrathoracic stomach. Laparoscopic surgery

for very large hernias, defined as more than 50% of the

stomach located within the thoracic cavity, is technically

more challenging than surgery for reflux alone [1]. Repair

entails dissection of the hernia sac from the mediastinum,

reduction of the sac and its contents into the abdomen,

hiatal repair, and then a fundoplication or gastropexy [2].

Such surgery is associated with procedure-specific risks

including perforation of the gastrointestinal tract, pneu-

mothorax, and postoperative dysphagia [3, 4].

Previous studies have shown that most advanced lapa-

roscopic procedures are associated with a distinct learning

curve, and the learning curve for each procedure can be

defined [5–12]. For laparoscopic Nissen fundoplication, the

number of cases managed by the individual surgeon and

the number of cases managed in an individual institution

correlate with operation time, complications, reoperation,

and conversion rate, and these outcomes generally stabilize

beyond a surgeon’s first 20 cases or an institution’s first 50

cases [5–8, 11, 12]. However, no studies have evaluated the

impact of a learning curve on laparoscopic repair of very
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large hiatal hernias. Hence, in this study, we evaluated our

experience with patients who underwent laparoscopic

repair of a very large hiatal hernia to determine the influ-

ence of any institutional or individual learning curves on

clinical outcomes.

Patients and methods

From September 1992 to December 2008, perioperative

and follow-up data for all patients who underwent laparo-

scopic surgical treatment of gastroesophageal reflux or a

very large hiatal hernia in our units were collected pro-

spectively and managed using a computerized database

(FileMaker Pro, Version 8; FileMaker Inc, Santa Clara,

CA, USA). Surgery was undertaken at two university

teaching hospitals and associated private hospitals in

Adelaide, South Australia, by surgeons or trainees working

under direct supervision. A total of 21 fundoplications for

gastroesophageal reflux were successfully completed lap-

aroscopically before we began laparoscopic repair of very

large hiatal hernias.

The analysis included all the patients who underwent

laparoscopic repair of a very large hiatal hernia, defined as

at least 50% of the stomach within the chest either at

preoperative barium meal radiology assessment or intra-

operatively, and were followed clinically for at least

12 months after surgery. These patients had mechanical

symptoms attributable to their very large hiatal hernia, and

a subset of these patients also had symptoms of gastro-

esophageal reflux.

The preoperative workup for these patients included an

upper gastrointestinal endoscopy, and for most of the

patients, a barium meal X-ray was performed to clarify

anatomy. Esophageal manometry and pH monitoring were

undertaken if gastroesophageal reflux also was a significant

problem. If reflux was not a significant issue and the

planned surgery included an anterior partial fundoplication

as a gastropexy, esophageal manometry was sometimes

omitted, especially for patients presenting acutely.

Demographic data, operative details, perioperative

complications, and the length of hospital stay were docu-

mented. All the patients were asked to complete a struc-

tured questionnaire 3 months after surgery, again at 1 year,

and then yearly thereafter.

The questionnaire included questions that inquired about

symptoms of reflux, postsurgical symptoms, potential side

effects, and overall satisfaction with the outcome of sur-

gery. The presence or absence of bloating symptoms and

the ability to belch normally were assessed using yes/no

questions. Patients were asked to score any symptoms of

‘‘heartburn’’ or ‘‘dysphagia’’ for solid food using a visual

analog scale (VAS) ranging from 0 (no symptoms) to 10

(severe symptoms). Overall satisfaction with the outcome

of surgery was evaluated using a visual analog scale

ranging from 0 (dissatisfied) to 10 (satisfied). Patients also

were asked whether they thought their original decision to

undergo surgery was correct or not.

The technique for laparoscopic repair of very large

hiatal hernia has been described previously [2, 13]. In brief,

the hernia sac was dissected from the mediastinum, and the

esophagus was dissected next. Posterior hiatal sutures,

supplemented as necessary by additional anterior sutures,

then were used to repair the widened hiatus. A fundopli-

cation was constructed last.

From 1992 to early 1996, the principle of dissecting the

sac from the mediastinum was not well understood, and

attempts were made to dissect the esophagus first rather

than the sac [6]. Furthermore, in the earlier years of this

series, a Nissen fundoplication with a 360� wrap was per-

formed routinely. At that time, this was our standard

antireflux procedure.

Over the past decade, this practice has changed. A

greater proportion of anterior partial fundoplications (90�
or 180�) are now performed. We have demonstrated else-

where that an anterior partial fundoplication is an effective

procedure for the treatment of reflux and that it minimizes

the risk of postfundoplication side effects [14].

The influence of institutional and individual learning

experience on clinical outcomes (heartburn, dysphagia,

other side effects, and overall satisfaction), intraoperative

variables (operation time, conversion rate, perioperative

surgical complications), and postoperative complications

was determined. Follow-up information at 3 and 12 months

was analyzed.

To evaluate an institutional learning curve, patients were

chronologically grouped according to case numbers as

follows: 1–10, 11–20, 21–50, and groups of 50 thereafter.

To evaluate the learning curve for individual surgeons,

groups of 10 cases for each surgeon were chronologically

defined and grouped into the first 10 cases, the second 10

cases, and so on.

Additionally, outcomes for surgery performed by con-

sultant surgeons were compared with outcomes for surgery

performed by trainees. All the trainees were upper gas-

trointestinal surgery fellows who had completed training in

general surgery. To minimize the potential bias of includ-

ing the learning curve for consultants in the latter analysis,

the first 20 cases managed by each consultant surgeon were

excluded.

Data are presented as medians with 95% confidence

intervals or means with standard deviations. Comparison of

data between groups was undertaken using v2 tests for

categorical data and the Student’s t-test, the Mann–Whit-

ney U test, or the Kruskal–Wallis test for continuous data,

as applicable. Statistical significance was set at a p value
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less than 0.05. Statistical analyses were performed with

MedCalc, version 9 for Windows.

Results

This series consisted of 454 patients who had undergone

primary laparoscopic repair of a very large hiatal hernia. Of

these patients, 415 who had undergone minimum clinical

follow-up evaluation for at least 1 year formed the study

group. The study excluded 39 patients because they had

undergone surgery less than 12 months before the study

began. Perioperative data were available for all the

patients. Functional follow-up information at 3-month and

1-year time points were not available for 56 (13.5%) and

90 (21.7%) patients, respectively. The median age of the

patients was 66 years (95% CI, 65–68), and the mean body

mass index (BMI) was 29.6 ± 5.2 kg/m2.

The operations were performed by 9 consultant surgeons

and 39 trainees. The median operation time was 95 min

(95% CI, 90–105; range, 30–270 min), and the median

hospital stay was 3 days (95% CI, 3–3; range, 1–55 days).

The mean follow-up period was 48 months (95%, CI

36–48; range, 1–16 years).

The perioperative ‘‘medical’’ complications included 16

pulmonary complications (basal atelectasis, pneumonia,

pulmonary embolism), 4 cardiac complications (acute

myocardial infarction, cardiac arrhythmias), urinary

retention, and deep venous thrombosis. The surgical com-

plications included 5 esophageal injuries (2 from passage

of a bougie and 3 during direct dissection), 2 proximal

gastric injuries, 2 vascular injuries (inferior vena cava,

accessory left hepatic artery), 1 liver laceration, and 10

postoperative pneumothoraces.

Reoperations were performed for 24 patients (5.8%)

within 1 year of their initial surgery. Of these 24 reoper-

ations, 9 were performed for acute recurrence of hiatal

hernia, 6 for severe dysphagia, 5 for esophageal or gastric

leakage, 2 for postoperative bleeding, 1 for a bilobed

stomach [15] causing postprandial pain, and 1 for recurrent

reflux due to a slipped Nissen fundoplication. Two in-

hospital deaths occurred: one related to esophageal perfo-

ration and one due to a postoperative myocardial

infarction.

Table 1 Overall institutional experience in chronological order

1–10 11–20 21–50 51–100 101–150 151–200 201–250 251–300 301–350 351–415 p Value

Age (years) 63 53.5 59 69 68 65.5 64 69 67 69 0.029

BMI (kg/m2) 38.8 55.5 35.9 57.9 56.3 63.3 38.9 58.4 50.3 49.7 0.706

Operation time (min) 157.5 137.5 87.5 75.0 77.5 120.0 120.0 110.0 97.5 90.0 \0.001

Conversion rate (%) 40.0 20.0 33.3 10.0 6.0 2.0 4.0 6.0 2.0 1.6 \0.001

LOS (days) 6 7 3 3 3 3 2 3 3 3 \0.001

Reoperations within 1 year (%) 10.0 20.0 3.3 2.0 12.0 2.0 4.0 6.0 8.0 7.7 0.296

Surgical morbidity (%) 20.0 10.0 6.7 4.0 4.0 0.0 2.0 6.0 2.0 3.1 0.194

Medical morbidity (%) 30.0 0.0 13.3 4.0 0.0 6.0 10.0 20.0 8.0 15.4 0.008

Mean heartburn score

At 3 months 0.9 0.0 0.2 0.6 0.5 0.2 1.0 0.9 1.5 0.7 0.030

At 1 year 0.7 0.0 1.0 1.4 1.3 1.0 1.0 1.3 1.1 1.4 0.744

% Bloat present

At 3 months 70.0 50.0 25.0 36.6 40.9 44.1 36.4 37.0 30.8 38.1 0.511

At 1 year 37.5 75.0 58.3 55.3 36.6 42.9 43.9 33.3 36.1 44.4 0.266

% Able to belch

At 3 months 80.0 50.0 75.0 87.5 84.1 85.7 88.6 89.4 87.2 87.8 0.231

At 1 year 87.5 75.0 92.0 86.5 71.4 91.4 87.8 91.1 83.3 94.4 0.198

Mean dysphagia score

At 3 months 2.5 1.1 1.2 2.4 1.7 1.6 1.0 1.3 1.7 1.5 0.083

At 1 year 2.0 1.4 1.8 2.5 1.5 1.8 1.5 1.2 1.8 1.0 0.076

Mean satisfaction score

At 3 months 8.4 9.3 9.5 9.0 8.8 9.3 9.0 9.0 8.8 9.3 0.633

At 1 year 8.8 8.4 9.6 8.5 8.5 8.6 8.9 9.3 9.1 8.9 0.259

BMI body mass index, LOS length of hospital stay
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The analysis of the overall institutional experience is

shown in Table 1. The operation time declined after the

initial 20 cases in the overall institutional experience.

However, it increased slightly after 150 cases before slowly

tapering downward thereafter. The rate of conversion to an

open procedure was higher for the first 50 cases and

decreased thereafter (Fig. 1). The length of hospital stay

decreased with overall experience. The reoperation rate

within 1 year and the rate of surgical complications

decreased after the first 20 cases. The incidence of com-

plications decreased at the beginning of the period and

increased toward the end.

In terms of clinical outcomes, the heartburn score at

3 months was the only measure that differed significantly

over the course of this study, increasing with experience up

to 350 cases. All other clinical outcomes were not signif-

icantly influenced by institutional experience.

Increasing the experience of individual surgeons did not

affect the clinical outcomes (Table 2). The duration of

surgery and the length of hospital stay were the only two

outcomes that improved over time. The rate of conversion

to open surgery decreased to 0% after the first 40 cases for

each individual surgeon (Fig. 2).

After exclusion of the initial 20 cases performed by each

consultant, 175 patients who had surgery performed by

consultants were compared with 130 patients whose sur-

gery was performed by trainees (Table 3). The basic

demographic details as well as the preoperative heartburn

and dysphagia scores were similar whether the surgery was

performed by consultants or trainees. The only significant

difference in terms of functional outcomes was a lower

dysphagia score at the 1-year follow-up assessment for the

trainee group than for the consultant group (mean score,

1.2 vs. 1.8). There were no significant differences in any of

the other outcomes, except that the consultants performed

the operation 10 min faster than the trainees. Concerning

fundoplication types, trainees and consultants performed a

similar proportion of total versus partial fundoplications

(trainees 35.4% total fundoplication vs consultants 28.6%;

p = 0.253).

Discussion

This study showed improvements in perioperative variables

with increasing institutional and individual experience,

suggesting an institutional ‘‘learning curve’’ of 50 cases

and an individual ‘‘learning curve’’ of up to 40 cases,

although these differences in perioperative outcomes were

not associated with any significant differences in clinical

outcomes. Many of the perioperative parameters improved

significantly with increasing institutional experience, sug-

gesting improved efficiency.

The length of surgery decreased steadily for the first 150

cases, followed by a distinct increase and then by another

decrease. The largest component of this occurred in the

first 50 cases, and this probably reflects a learning curve,

although we are unable to give a satisfactory explanation

for the increase and then the subsequent decrease beyond

150 cases.

Operative technique such as fundoplication type or

division of short gastric vessels did not change significantly

beyond the first 150 cases, although it is possible that with

increasing experience, more complex cases were referred

for surgery. Another possible reason might be the increase

of cases managed in private hospitals. These operations

were performed mostly by a consultant assisted by an

inexperienced assistant, in contrast to the public sector, in

which the surgical team normally consists of a consultant

and a senior trainee.

Fig. 1 Institutional learning

curve for operation time and

conversion rate
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We identified a significant reduction in the conversion

rate from laparoscopic to open surgery from 1996 onward.

This coincided with the formalizing of our operating

technique so that the hernia sac is first dissected from

the mediastinum, as opposed to initial dissection of the

esophagus. We described the impact of this on the

conversion rate in an earlier paper [2]. As the rate of open

procedures decreased, the length of hospital stay also fell

significantly.

The only clinical outcome that changed with time as our

institutional experience progressed was ‘‘heartburn.’’ The

mean scores for ‘‘heartburn’’ remained low at all times,

Table 2 Individual experience of surgeons in chronological order

1–10 11–20 21–30 31–40 41–50 51–60 p Value

Age (years) 67.0 67.5 67.0 67.0 66.0 66.0 0.956

BMI (kg/m2) 29.1 31.8 29.0 29.0 28.5 23.0 0.681

Operation time (min) 100.0 100.0 87.5 90.0 72.5 65.0 0.004

Conversion rate (%) 11.1 12.0 6.5 9.4 0.0 0.0 0.342

LOS (days) 3 3 3 3 2 2 0.008

Reoperations within 1 year (%) 7.4 4.0 6.5 3.1 4.0 5.0 0.955

Surgical morbidity (%) 5.8 8.0 2.2 9.4 4.0 0.0 0.578

Medical morbidity (%) 10.5 4.0 15.2 6.3 4.0 5.0 0.344

Mean heartburn score

At 3 months 0.7 0.7 0.8 1.0 0.4 0.5 0.782

At 1 year 1.1 1.3 1.3 1.0 0.6 2.8 0.222

% Bloat present

At 3 months 35.8 38.1 32.4 44.4 47.4 38.5 0.855

At 1 year 42.0 47.6 45.5 45.5 61.1 54.5 0.719

% Able to belch

At 3 months 87.4 78.6 76.3 92.6 84.2 69.2 0.183

At 1 year 89.2 78.6 84.9 81.0 79.0 90.9 0.482

Mean dysphagia score

At 3 months 1.4 1.5 1.6 1.6 1.3 2.0 0.617

At 1 year 1.46 1.8 2.1 1.9 1.0 2.6 0.078

Mean satisfaction score

At 3 months 9.1 9.1 9.0 9.0 8.7 9.6 0.968

At 1 year 9.0 8.7 8.7 9.1 8.4 9.2 0.818

BMI body mass index, LOS length of hospital stay

Fig. 2 Individual learning

curve for operation time and

conversion rate
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although the scores were slightly higher later in our insti-

tutional experience, reflecting a greater proportion of

patients undergoing an anterior 90� partial rather than a

Nissen fundoplication during the latter years of this study.

Most randomized trials enrolling patients primarily with

gastroesophageal reflux suggest slightly less ‘‘heartburn’’

after Nissen than after anterior partial fundoplication,

although the overall outcome after anterior partial fundo-

plication still is excellent in most reports [16–18].

Analysis of the clinical outcomes for the individual

surgeons did not show any significant changes as experi-

ence progressed. This might reflect the fact that most of the

surgeons in this study were already experienced in lapa-

roscopic antireflux surgery before starting repair of large

hiatal hernias. Satisfaction scores were consistently high

throughout the study period for both overall institutional

and individual surgeon experiences, supporting the con-

tention that a good clinical or functional outcome can be

achieved for laparoscopic repair of very large hiatal hernias

even early in a surgeon’s experience.

Surgical morbidity also decreased over time, although

the reduction did not reach statistical significance. This

again suggests an effect of experience. The two instances

of esophageal perforation during passage of a bougie in the

formation of a Nissen wrap reflect known risks [19, 20].

However, the esophageal perforations during anterior par-

tial fundoplications were dissection injuries because bou-

gies were not used during these procedures. The rate of

other medical complications declined initially but actually

increased with further institutional experience. This may

have been due to older patients undergoing laparoscopic

repair.

Previous studies of learning curves for various other

laparoscopic procedures have estimated that a minimum of

20 individual cases and 50 institutional cases are required

for achievement of adequate proficiency in performing the

procedures [5, 10, 21, 22]. This finding was reflected in our

analysis, although the individual surgeon’s experience

continued to improve in terms of operation time, length of

hospital stay, and conversion rate for a period up to 40

Table 3 Learning experience for consultants versus trainees

Consultants (n = 175) Trainees (n = 130) p Value

Median age: years (95% CI) 66 (65–69) 69 (66–72) 0.781

Median BMI: (kg/m2 (95% CI) 30 (28–31) 30 (27–34) 0.573

Heartburn score: mean (range) preoperatively 6.1 (5.5–6.8) 6.5 (5.8–7.2) 0.447

Dysphagia score: mean (95% CI) preoperatively 4.1 (3.5–4.8) 4.4 (3.6–5.1) 0.694

Median duration of operation: min (95% CI) 90 (80–99) 100 (90–120) 0.012

Conversion rate (%) 4.0 6.2 0.562

LOS: days (95% CI) 3 (3–3) 3 (2–3) 0.582

Reoperation within 1 year (%) 5.7 6.2 0.933

Surgical morbidity (%) 4.0 4.6 0.981

Medical morbidity (%) 10.9 10.0 0.958

Heartburn score: mean (95% CI)

At 3 months 0.7 (0.5–0.9) 0.9 (0.5–1.3) 0.716

At 1 year 1.1 (0.8–1.4) 1.3 (0.8–1.8) 0.731

% Bloat present

At 3 months 40.3 37.0 0.704

At 1 year 43.9 38.9 0.567

% Able to belch at

At 3 months 84.9 92.0 0.145

At 1 year 85.1 90.0 0.405

Dysphagia score: mean (95% CI)

At 3 months 1.6 (1.3–1.9) 1.3 (0.9–1.8) 0.309

At 1 year 1.8 (1.4–2.1) 1.2 (0.8–1.7) 0.041

Satisfaction score: mean (95% CI)

At 3 months 9.1 (8.9–9.3) 9.0 (8.7–9.4) 0.693

At 1 year 8.9 (8.6–9.2) 8.8 (8.4–9.3) 0.868

The first 20 cases of each consultant were excluded to avoid bias caused by the consultants’ learning curve

BMI body mass index, LOS length of hospital stay
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cases, suggesting that for laparoscopic repair of very large

hiatal hernias, the individual learning curve is longer than

for laparoscopic fundoplication used in patients without a

very large hiatal hernia [5]. The majority of the improve-

ment in our institutional experience occurred during the

first 50 cases, and this was consistent with other

procedures.

Comparison of consultants and trainees demonstrated

little difference in clinical outcomes. No differences in

conversion rate, morbidity, or reoperation rate were

observed. However, the median operation time was 10 min

shorter when a consultant performed the procedure. Anal-

ysis of the demographic variables and the preoperative

heartburn and dysphagia scores suggested similar case

selection for trainees and consultants. In the context of

delivering a clinical service and training surgeons in a

teaching hospital environment, the 10-min time difference

probably is not significant. The small difference could

reflect the fact that the trainees were ‘‘fellows’’ and thus

qualified general surgeons with earlier experience in other

laparoscopic procedures who started performing this

operation only after they had achieved competence in other

laparoscopic procedures, including fundoplication. The

trainees also were directly assisted by a consultant. Overall,

however, from the patients’ perspective, it does not seem to

matter whether the consultant performs the operation,

assists, or supervises a senior trainee.

Regarding longer-term outcomes, senior surgeons may

like to believe that the outcomes for consultant surgeons

would exceed those for trainees. We were not able to test

this with our data set. However, the similar earlier out-

comes demonstrated in our study are likely to translate to

equivalent longer-term outcomes, and in the absence of

evidence to the contrary, it seems reasonable to assume that

the outcomes after surgery undertaken by trainees are just

as good as those of consultant surgeons.

Our study had some potential weaknesses. We pro-

gressively changed the type of fundoplication performed

over the course of this study, from a routine Nissen fun-

doplication initially to a predominantly anterior fundopli-

cation approach more recently. However, the major

components of the operation (dissection of the sac and

repair of the hiatal defect) were standardized throughout

the series, and varying the fundoplication likely did not

have a significant impact on most of the parameters

analyzed.

However, in 1996, we did change the first operative step

from initial dissection of the esophagus to dissection of the

hernia sac. This had an impact on the conversion rate and

certainly was a significant contributor to this aspect of the

early institutional learning curve.

A further criticism could target the choice of outcomes

evaluated. We did not routinely evaluate objective

outcomes for barium meal, pH studies, or gastroscopy. This

would not have been practical at all of the clinical follow-

up time points. Previously, however, we did evaluate out-

comes for barium meal radiology and reported a 25%

incidence of small asymptomatic hiatal hernia during

longer follow-up periods [3]. However, these radiologic

outcomes were not associated with adverse clinical out-

comes, and for this reason we believe that the clinical

parameters evaluated, especially patient satisfaction, are

informative of both the clinical outcome and the learning

curve identified in our study.

In conclusion, the clinical outcomes after laparoscopic

repair of very large hiatal hernia are not adversely influ-

enced by an institutional or individual learning curve.

However, perioperative and short-term postoperative vari-

ables improved over the first 100 cases in our institutional

experience, particularly during the first 50 cases, and the

outcomes for individual surgeons improved for up to 40

cases. Whether the operation is performed by a consultant

or a supervised trainee, however, does not influence the

clinical outcome after this operation.
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