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CHAPTER 4

Surgeon’s volume is not associated with complication outcome
after laparoscopic cholecystectomy.
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Abstract
Aim: Complication rates after laparoscopic cholecystectomy vary but are still reported to
be up to 17 %. Identifying risk factors for an adverse complication outcome could help to
reduce morbidity after laparoscopic cholecystectomy. Our aim was to analyze whether
surgeon volume is a vital issue for complication outcome.
Methods: All complications—minor, major, local and general—were reviewed in a single
institution between January 2004 and December 2008 and recorded in a database.
Patient’s variables, disease related variables and surgeon’s variables were noted.
The role of surgeon’s individual volume per year was analyzed. A stepwise logistic
regression model was used.
Results: A total of 942 patients were analyzed, among which 70 (7 %) patients with
acute cholecystitis and 52 (6 %) patients with delayed surgery for acute cholecystitis.
Preoperative endoscopic retrograde cholangiography (ERC) had been performed in 142
(15%) patients.
Complication rates did not differ significantly for surgeon’s individual volume (≤10 vs.
> 10 LC/year, 5.2 vs. 8.2 %, p = 0.203) nor for specialization (laparoscopic vs. non- laparoscopic; 9.2 vs. 6.4 %, p = 0.085) and experience (specialty registration ≤ 5 vs. > 5 years; 5.1
vs. 8.7 %, p = 0.069). The only significant predictors for complications were acute surgery
(OR 3.9, 95% CI 1.8–8.7, p = 0.001) and a history preceding laparoscopic cholecystectomy
(LC) (ERC and delayed surgery for cholecystitis) (OR 8.1, 95 % CI 4.5–14.6: p < 0.001).
Conclusion: Complications after LC were not significantly associated with a surgeon’s
individual volume, but most prominently determined by the type of biliary disease.
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Laparoscopic cholecystectomy (LC) has become a procedure that can safely be performed to treat symptomatic gallstone disease. Elective cholecystectomy can often be
performed in the day case setting. Major morbidity and mortality are rare. However, in
some cases the procedure can become an unpredictable challenge because of chronic
inflammation and fibrosis of the hepatoduodenal area, which is reflected in reported
complication rates varying from 2 to 17 % [1–3]. Most complications are minor but major
complications do occur and are underestimated. They have significant impact on the
patient’s recovery. Bile duct lesions are most feared and associated with a significant
influence on quality of life [4–6].
Identifying patients or procedures likely to have a higher grade of operative difficulty could help reduce postoperative morbidity. An increased risk of postoperative
complications is associated with male sex, increasing age, gallbladder inflammation and
emergency surgery [7–9].
In a previous study we found that conversion rate can be significantly improved by
surgeon selection [10], especially for the subgroup of complex patients. Conversion
however should not be seen as a complication but as a sound decision to prevent morbidity. A trending topic is the volume—outcome relation for all types of complex surgical procedures. But also for so-called routine surgical procedures, such as a laparoscopic
cholecystectomy, there have been calls for a minimum number of procedures per year
per surgeon.
Reports on the impact of surgeon volume are scarce and contradictory [2, 7, 11–13].
Some found decreased morbidity rates associated with surgical expertise and volume,
others found no association. Better insight into this issue is of importance before it is
decided that all LC should be placed under strict care of a high volume surgeon. The
logistic implications of such a decision would be considerable, as laparoscopic cholecystectomies comprise a high yearly volume per hospital. In this study we aimed to
analyze the impact of a surgeon’s volume on complication outcome after laparoscopic
cholecystectomy.

Patients and Methods
A retrospective cohort of all patients who had undergone a laparoscopic cholecystectomy in our hospital between January 2004 and December 2008 was used. Details on data
retrieval of this study cohort have been published previously [14] as part of a predictive
analysis for con- version to an open procedure. Data retrieval was done by two authors
(SD, surgeon and EC, MD). Postoperative complications were identified from medical
records, admission, re-admission and discharge notes and from the hospital information system by checking blood results, radiology and operation reports. Additionally, we
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matched our database to our surgical complication registration sys- tem in search for all
complications and re-interventions. The surgical registration system registers complications, re-admissions and re-interventions of all patients at discharge.
In our institution, a postoperative complication is defined as any unexpected or undesired postoperative course. For our study complications were graded according to Dindo
et al. [15]. Any deviation from normal postoperative course without the need for any
treatment (except opening of wounds at bedside for wound infection) or complications
requiring pharmacological treatment with antibiotics, antiemetic’s or physiotherapy are
graded as 1 or smaller. Complications graded 2–5 are other than such allowed for grade
1, varying from blood transfusions to life threatening complications with multi-organ
failure and death of a patient.
The type of postoperative complication was further defined as local or general. A conversion was not scored as a complication, but was seen as a sound decision in difficult
cases.
For the present study, we included patient’s variables, disease related variables and
surgeon’s variables. Patient variables were age, gender, ASA-classification and body
mass index (BMI). Disease related variables were previous endoscopic retrograde cholangiography (ERC), acute cholecystitis, and emergency surgery. Patients with an acute
cholecystitis, operated on in a delayed setting or patients in whom an ERC had been
performed for suspicion of choledocholithiasis, were earmarked as having a history preceding laparoscopic cholecystectomy (HPLC).
Surgeon variables were noted for all 19 surgeons performing LC in our institution during the study period and included surgeon’s volume, i.e. the number of LC procedures
performed by each individual surgeon per year (≤ 10 per year; n = 6, > 10 per year; n =
13),surgeon’s specialization (laparoscopic n = 4, non-laparoscopic n = 15) and surgeon’s
experience in years (≤ 5 years’ experience; n = 8, > 5 years; n = 11).
The cut off point for volume was initially considered for 10, 20 and 30 LC per year
in complication outcome. We dichotomized this variable by using the cut-off with the
largest difference in complication outcome for this analysis.
The variable ‘‘experience’’ was dichotomized into junior surgeons with less than 5 years
of registration and senior surgeons with 5 or more years of registration. Specialization
was divided into ‘‘non-laparoscopic’’ (non-LS) or ‘‘laparoscopic’’ surgeons (LS).
‘‘Laparoscopic’’ surgeons (LS) are general surgeons who have had two extra years of
training in laparoscopic procedures. They have a daily practice in a wide range of more
complex colorectal/upper GI laparoscopic procedures (>20)/year, in contrast to vascular,
oncologic and trauma surgeons, who received laparoscopic training only during their
6 years of residency. In ‘‘non-laparoscopic’’ surgeons their experience in laparoscopic
surgery is restricted to the gallbladder and appendix. Both ‘‘non-laparoscopic’’ (non-LS)
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and ‘‘laparoscopic’’ surgeons (LS) perform elective and acute LC and have substantial
experience in both settings.
The flow chart of this study is depicted in Fig. 1. For residents operating under strict
supervision of a surgeon, the supervising surgeon was considered as the principal surgeon. All included surgeons had passed their learning curve of at least 50 LC before the
study period. Residents performing a LC without supervision were excluded from this
study, because residents without direct supervision operate on uncomplicated cases, do
not perform acute surgery unsupervised, and have not yet passed a learning curve of 50
cases. They have learned to perform a straightforward elective LC and have a surgeon’s
backup in case of unexpected difficulties.
Acute cholecystitis was defined as right upper abdominal pain associated with fever
and elevated serum infection parameters with or without ultrasonographic evidence of
acute inflammation, but with Murphy’s signs (Tokyo criteria). We distinguished between
patients with acute cholecystitis who were operated in an emergency setting and those
initially treated conservatively followed by delayed surgery (interval cholecystectomy).
Reason for acute surgery without signs of inflammation was persistent severe pain.
Treatment policy in acute cholecystectomy was dependent on time passed between
hospital presentation and onset of symptoms, surgeon’s preference and logistics. After
ERC patients were placed on a waiting list for elective cholecystectomy. Timing of the
operation varied between 3 days and several weeks, depending on the resources available.

Statistical Analysis
Statistical analyses were performed with SPSS 18.0 soft- ware package for Windows (SPSS
Inc., Arlington, Virginia). Categorical data were compared with the chi-square analysis or
Fisher’s exact test, as appropriate, and continuous data with the Mann–Whitney U test or
Student t test. A p value <0.05 was considered statistically significant.
To identify factors significantly associated with com- plications, we constructed a
multivariate model using the variables that tested independently in a univariate logistic
regression model. In this logistic regression model, the remaining variables were entered into a stepwise logistic regression analysis. In the final logistic regression model,
variables with a p value < 0.05 were entered into the model and variables with a p value
> 0.10 were removed from the model. We checked the calibration of the logistic regression models using the Hosmer–Lemeshow test.
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Results
A total of 1,126 patients underwent a LC between January 2004 and December 2008.
Of these patients, 184 were excluded because they had been operated by residents
without supervision of a registered surgeon (Fig. 1). Of the remaining 942 patients, 652
(69 %) were female. The mean age of the population was 49 (IQR 38–61).
Most patients underwent surgery for symptomatic cholelithiasis (n = 686; 73 %), others underwent acute surgery (n = 96) or were operated on in a delayed setting and/or
after ERC (HPLC; n = 160).
In 846 (90 %) patients the LC took place in an elective setting. Ninety-six (10 %) patients
underwent acute surgery; 26 patients were diagnosed as having persistent colic pain
and 70 with acute cholecystitis. Another 52 patients with acute cholecystitis underwent
delayed surgery. Patient characteristics and baseline data are listed in Table 1.
Patients’ variables were comparable for low and high volume surgeons, except for
acute surgery. The low volume surgeons operated more patients in acute setting than
high volume surgeons. The low volume surgeons were always the non-laparoscopic
surgeons and were more frequently senior surgeons with 5 or more years of registration.
Postoperatively, 87 complications occurred in 74 (8 %) patients (Table 2). Local complications occurred in 60 patients, seven patients suffered a general complication and
seven patients had a local and general complication (Tabel2). In 57 patients one complication occurred, in 12 patients two and in two patients there were three complications.
Treatment was needed in 67 (7 %) patients, 45 (5 %) of whom needed a reintervention.

Fig. 1 Laparoscopic cholecystectomy (LC) population studied and surgeon volume.
LC

1126

Residents
No supervision
182

Low-volume
surgeon

High-volume
surgeon
777

165

EXCLUDED
Supervising
resident
74

Surgeon

Surgeon

409

91

Supervising
resident
368

N=942

Low-volume a surgeon who performs >10 LC a year. High volume a surgeon who performs C10 LC a year.
Supervising resident surgeons supervise a resident to perform the LC
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Table 1. Demographic and baseline data
Surgeon
volume >10,
N = 777

p value

N = 942

Surgeon
volume ≤10,
N = 165

Age (IQR)

49 (37–61)

49 (39–62)

49 (37–59)

0.151

Male (%)

290 (31)

43 (26)

247(32)

0.148

BMI (IQR)a

27 (24–31)

27 (24–31)

27 (24–31)

0.542

40 (4)

5 (3)

35 (5)

0. 432

160

21 (13)

139 (17)

0.109

Pre–erc

123

24 (15)

118 (15)

Previous cholecystitis

52

8 (5)

44 (6)

96

31 (19)

65 (8)

Persistent pain

26

8 (5)

18 (2)

Acute cholecystitis

70

23 (14)

47 (6)

Number of patients operated by non–laparoscopic 552
surgeon

165 (100)

387 (48)

<0.001

Number of patients operated by a junior surgeon

12 (7)

241 (31)

<0.001

Parameter

Total

Patient characteristics

b

ASA 3 (vs. 1 of 2) (%)

History preceding LC (HPLC) (%)

Acute surgery (%)

<0.001

Specialisation and experience (%)

253

All variables are in median (IQR 25–75%) or in number (%)
BMI body mass index, ASA American Society of Anaesthesiology, pre-erc pre-operative endoscopic retrograde cholangiopancreatography, HPLC history preceding laparoscopic cholecystectomy: patients treated
after a previous cholecystitis in a delayed setting or after a pre-operative ERC for suspected choledocholithiasis
a
Missing values in 33 non GI and 8 GI patients
b
Missing values in 23 non GI and 7 GI patients

Analysing the volume of operations performed by individual surgeons in three different volume groups (Fig. 2), no significant number of LC per year was found to be
associated with a reduction of complication rates. The largest difference in complication
outcome was found for the cut of ten LC per surgeon per year.
As shown in Fig. 3 the percentage of patients with complication did not differ significantly for volume ( ≤ 10 vs > 10 LC/year, 5.2 vs 8.2 %, p= 0.203) nor for specialisation
(‘‘non-LS’’ or ‘‘LS’’; 9.2 vs. 6.4 %, p= 0.085) and experience (registration ≤ 5 vs. > 5 years;
5.1 vs. 8.7, p=0.069).
The variables significantly associated with a complicated course after LC are shown
in Table 3. ASA-classification, conversion, HPLC, acute surgery and senior surgeons (>
5 years registration) were associated with complication. On logistic regression analysis,
the only variables found to be independent predictors for complication were HPLC (OR
8.1, 95 % CI 4.4–14.6, p <0.001) and acute surgery (OR 3.9, 95 % CI 1.8–8.7, p = 0.001.
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Table 2. Type of complication in 74 patients
Local

General

Type

n

Wound infection

Type

23

Cardiac

Bleeding
Intra-abdominal

10

Trocar wound

2

Bile leakage

n
a

4

Pulmonaryb

5

Urogenitalc

4

Luschka

8

Cystic duct

5

Unknown

4

GI perforation

1

Delirium

2

Intra-abdominal abscess

7

Gastric bleeding

1

Hernia
Trocar

2

Cicatricalis

3

Other

4

a

Cardial: one atrial fibrillation, two cardial decompensation, one acute myocardial infarction
Pumonal: three pneumonia, one pulmonary embolism, one pneumothorax
c
Urological: two urinary tract infection, two postoperative urine retention
b

Fig. 2 Distribution of surgeon’s volume and complication rate.
12

10

Complications (%)

8

6

4

2

0
≤10

11-20

21-30

Number of operations / year
Error Bars: 95% CI

Linear-by-linear association: 0.121. CI confidence interval
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Fig. 3 Complication rate in relation to surgeon volume, specialisation, and experience of the surgeon in charge
P = n.s.

P = n.s.

P = n.s.

Non-LS
LS surgeon
< 5 years registration
n
n
> 5 years registration
< 10 LC/year
> 10 LC/year

Complications (%)

8

6

4

2

0

volume

specialization

experience

Pearson’s chi-square is 0.153, 0.69, 0.203, respectively. Non-LS non-laparoscopic surgeon, LS surgeon laparoscopic surgeon; ≤10 LC indicates ten or less laparoscopic cholecystectomies per year; % refers to complication
rate.

There was no difference in outcome between a logistic regression model that included
variables with a p value <0.1 in the univariate analysis and a model that included variables
with a p value < 0.005. Calibration of both logistic models using the Hosmer–Lemeshow
test showed a goodness of fit.
For the complex subgroup of patients with HPLC and acute surgery we did not find
significance in complication rate in relation to surgeon’s volume (Fig. 4).

Discussion
Surgeon’s volume was not found to be of decisive influence on postoperative complications after LC. For com- plication outcome, patient characteristics and type of disease
played an important role. Patients operated on in an acute setting or after a history of
ERC or cholecystitis were found to be at highest risk for morbidity after LC, regardless of
surgeon’s volume. Awareness that these patients are clearly a more complex patient category (complex biliary disease) for both laparoscopic and non- laparoscopic surgeons
might improve outcome after LC by anticipating individual patient risk, optimization
and timing of surgery and tailored per- and postoperative management.
Important to note is that low volume surgeons in our hospital are all surgeons who
learned the LC during residency and in this time performed LC on a regular basis,

4

Chapter 4

Table 3. Univariable and multivariable analysis of patients at risk for a complicated course of laparoscopic
cholecystectomy (LC)
Variables

Univariable

Male gender

Multivariable

OR

(95% CI)

p value

1.4

(0.9–2.4)

0.146

OR

(95% CI)

p value

2.3

(0.9–5.8)

0.083

Age >65 years

1.6

(0.9–2.9)

0.111

ASA–classification

2.9

(1.2–6.8)

0.016

BMI >25

1.6

(0.9–2.7)

0.126

HPLCb

6.7

(4.0–10.9)

<0.001

8.1

(4.5–14.6)

<0.001

Acute surgerya

2.1

(1.1–3.9)

0.028

3.9

(1.8–8.7)

0.001

Conversion

3.6

(1.8–6.9)

<0.001

1.8

(0.8–3.8)

0.154

0.130
1.6

(0.8–3.1)

0.172

Volume: >10 p.s.p.y

1.8

(0.8–3.8)

LS surgeonb

1.4

(0.9–2.3)

0.155

Senior: >5 years licensed

1.8

(0.9–3.3)

0.073

BMI body mass index, ASA American Society of Anaesthesiology, pre-erc pre-operative endoscopic retrograde cholangiopancreatography, HPLC history preceding laparoscopic cholecystectomy: patients treated
after a previous cholecystitis in a delayed setting and/or after a pre-operative ERC for suspected choledocholithiasis, 10 p.s.p.y 10 LC’s per surgeon per year, OR odds ratio, 95% CI 95% confidence interval
a
Acute surgery: for persistent pain without signs of inflammation and acute cholecystitis
b
Laparoscopic surgeon

Fig. 4 Complication rate for symptomatic cholelithiasis and patients with complex biliary disease in relation
to surgeon’s volume.
P = n.s.

≤ 10 LC/year
> 10 LC/year

20

Complications (%)

72

15

10

P = n.s.

5

0
Symptomatic
cholelithiasis

HCBD/
acute surgery

HPLC history preceding laparoscopic cholecystectomy: patients treated after a previous cholecystitis in a
delayed setting and/or after a preoperative ERC for suspected choledocholithiasis
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have all passed their learning curve and performed LC for many years, open as well as
laparoscopically. Thus they are well trained and have an extensive experience with the
procedure.
Patients with complex biliary disease are not only more prone to postoperative complications, but also suffer an increased conversion risk [8, 11, 13]. To reduce conversion
risk in these patients we have shown in a previous study that surgeon selection is of
great value [10]. We proposed a triage for surgeon selection to optimize conversion outcome. Within this triage non-laparoscopic surgeons and/or low volume surgeons can
safely participate in the majority of LC. Since this procedure is routinely performed many
times a year, logistic implications with our proposed surgeon selection are minimized.
Complication rates in our study seem high, but they are in concordance with literature. LC-associated complications have been reported to range between 2.1 and 17 %
[16, 17].
Although reports on the influence of expertise, special interest or volume on outcome
of LC are scarce and contradictory [2, 7, 12, 13], our strategy for patient and surgeon
selection is supported by data of others [2, 7, 11, 13, 14, 17]. Kortram et al. found no
significant association between postoperative complication and specialisation. In their
study, a significant difference in conversion rate and operating time was seen in patients
with acute cholecystitis, favoring care by a specialized surgeon in an acute setting to improve conversion outcome. Murphy et al. found that neither annual hospital volume nor
annual surgeon volume was a predictor for postoperative complications. In their study,
complications after LC were associated with individual patient characteristics. They suggested that regionalisation of general surgical procedures might be unnecessary. For LC
in an emergency setting or after acute cholecystitis, Csikesz et al. confirmed that referral
to high volume surgeons improved conversion outcome with improvement of length
in hospital stay. Conversion from LC to OC should not be seen as a com- plication. In the
interest of patient safety, it is important to be able to convert in any patient [18]. However, a reduction in conversion rates without compromising per- and post- operative
complication rates improves overall outcome, as this leads to a shorter recovery time
and reduced hospital stay, which contributes to reduction in health care cost [3, 19–21].
Thorough pre-operative patient-risk stratification will remain essential for the future
as most residents have very little opportunity to be trained in an open cholecystectomy.
This will probably lead to increased morbidity and bile- duct-related damage due to
inexperience with the open procedure in a converted setting. A pre-operative triage
of high-risk patients can ensure the referral to surgeons specialized in laparoscopy and
with experience in open hepatobiliairy surgery to assure optimal safety.
A limitation of our study is that the data was retrieved retrospectively, and therefore
we could not retrieve missing data. Nevertheless, we ensured a high accuracy in encoding diseases, re-interventions and complications, as we reviewed all individual medical
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records, including clinical and radiological information if available. In addition, this data
was matched to our hospital complication registration, which is updated weekly following a meeting of staff and residents where all discharged patients are reviewed with a
focus on complications, re-admissions and re-interventions. A potential selection bias
could have been introduced by the fact that complex cases are assigned to high volume,
laparoscopic surgeons. These are the more challenging cases and this is probably reflected in the fact that high volume surgeons tended, although not significantly, to have
higher complication rates. It could be argued that complication rates could become unpredictably higher if complex cases would be assigned to low volume, non-laparoscopic
surgeons. However, in our opinion this is not an issue, as more complex cases should
be assigned to specialized surgeons in view of conversion outcome. In our opinion the
most important message of our data is that volume is not a vital issue for complication
outcome after LC. All surgeons can safely participate in LC in selected, noncomplex cases
without the necessity of referral to high volume surgeons. For patients who undergo
emergency surgery or LC after a delayed cholecystitis and/or ERC, analysis of a larger
population is necessary to elucidate whether com- plication outcome in patients can
be improved by specialisation, volume and experience of the surgeon. The number of
complex patients in our study might have been too small and the relatively low occurrence of complications may have been a confounder in revealing a significant difference.
The present study did not show an association between surgeon’s volume and
complication outcome after LC, but complications were most prominently determined
by complicated biliary disease. Based on our findings there is no need to place all LC
procedures under the strict super- vision of high volume surgeons.
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