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CHAPTER 5

Anticipation of complications after laparoscopic cholecystectomy:
prediction of individual outcome
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Abstract
Background: Complication rates after a laparoscopic cholecystectomy are still up to 10 %.
Knowledge of individual patient risk profiles could help to reduce morbidity.
Aim: The aim of this study is to create risk profiles for specific complications to anticipate
on individual outcome.
Patients and methods: Individual patient outcome for a specific post-operative complication was assessed from a retrospective database of two major teaching hospitals, using
uni- and multivariate analyses.
Results: A total of 4359 patients were included of which 346 developed one or more
complications (8 %).
Five risk profiles were found to predict specific complications: older patients (> 65 year)
are at risk for pneumonia (OR 7.0,95 % CI 3.3–15.0, p < 0.001) and bleeding (OR 2.2, 95
% CI 1.2–3.9, p = 0.014), patients with acute cholecystitis are at risk for intra-abdominal
abscess (OR 5.9, 95 % CI 3.4–10.1, p < 0.001), bile leakage (OR 3.6, 95 % CI 2.0–6.6, p <
0.001) and pneumonia (OR 3.5, 95 % CI 1.6–7.6, p < 0.002), previous history of cholecystitis
is predictive for wound infection (OR 5.1, 95 % CI, (2.7–9.7), p < 0.001), intra-abdominal
abscess (OR 6.1, 95 % CI 2.8–13.8, p< 0.001), post-operative bleeding (OR 4.8, 95 % CI
2.1–11.1, p < 0.001), bile leakage (OR 7.2, 95 % CI 3.4–15.4, p < 0.001) and pneumonia
(OR 3.9, 95 % CI 1.3–11.9, p = 0.018), pre-operative ERCP is predictive for intra-abdominal
abscess (OR 3.3, 95 % CI 2.0–5.7, p < 0.001), post-operative bleeding (OR 2.1, 95 % CI
1.2–3.9, p = 0.058) and pneumonia (OR 3.8,95 % CI 1.9–7.8, p = 0.001), and converted
patients are at risk for wound infection (OR 4.0, 95 % CI 2.1–7.7, p < 0.001) and intraabdominal abscess (OR 3.5, 95 % CI 1.6–7.7, p = 0.002).
Conclusion: Individual risk prediction of outcome after laparoscopic cholecystectomy
is feasible. This facilitates individual pre-operative doctor–patient communication and
may tailor surgical strategies.

Anticipation of complications after laparoscopic cholecystectomy

In recent years, individualized patient care has rapidly gained ground. Mainly in oncology patients, attention is given to personalized care based on disease- and patient
characteristics. Until now, individualized care in the perioperative situation has mainly
focussed on anaesthesiological matters. Pre-operatively known conditions of a patient,
such as cardiopulmonary disease or diabetes, have resulted in patient tailored narcosis
or administration of medication. The concept of individualized risk assessment for surgical complications is rather new. If prediction of individual outcome is feasible and a tool
is at hand, individually adjusted patient information can be given and patient tailored
surgical strategies could well gain ground rapidly.
Laparoscopic cholecystectomy (LC) is the most per- formed gastrointestinal operation
and may well be per- formed in day care [1]. Risk factors for a difficult cholecystectomy
and [2–6] the development of post-operative complications have been identified. Nevertheless, complications still occur in up to 10 % of patients [7]. Due to the high numbers
of laparoscopic cholecystectomy procedures performed worldwide, post-operative
complications are an important health care burden. Although we know that patients
at risk are those with complicated gallstone disease, older age and conversion to open
surgery, we cannot anticipate on a specific complication until we know which (knowable) risk factor leads to which (anticipatable) complication. With such high numbers
of patients, the possible gain of reducing the complication rate or anticipate on its
sequelae will have a large impact on health care and costs. Also operative planning and
individualized pre-operative counselling may contribute to a more weighted informed
consent and better outcome.
In this study, we focus on individual risk assessment for specific post-operative
complications in this high-volume type of surgery. Are we able to anticipate on which
patient is at risk for a specific complication?

Materials and methods
All consecutive patients who underwent laparoscopic cholecystectomy (LC) for symptomatic cholecystolithiasis over a 10-year period (2002–2012) in two large teaching
hospitals were retrospectively analysed. Patient characteristics (age, gender, ASA classification), disease characteristics (a history of complicated bile stone disease and acute
cholecystitis), operative details and post-operative course were recorded. For age, we
decided on the generally used cut-off of 65 years. ASA classification was added in the
analysis with and without missing data to assess the effect of missing ASA classification in our logistic regression model. A history of complicated biliary disease includes a
previous cholecystitis treated by surgery in a delayed set- ting (cholecystectomy a froid),
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pancreatitis and ERCP in patients suspected for choledocholitiasis to clear the com- mon
duct prior to LC.
Acute cholecystitis was defined according to the Tokyo criteria: patients with ultrasound proven gallstones presenting with right upper abdominal pain with a painful or
tender right upper abdomen on physical examination (Murphy’s sign) associated with
fever and elevated serum infection parameters. Patients with an acute cholecystitis in
this study are those who underwent an acute cholecystectomy at time of presentation.
Treatment policy in acute cholecystitis was dependent on time passed between hospital
presentation and onset of symptoms (up to 7 days), surgeon’s preference and logistics.
There were no strict criteria used to decide on the treatment policy. If surgery in a
delayed setting (cholecystectomy a froid) was decided on, supportive care was given
and patients were put on a waiting list for LC in an outpatient setting. This would take
place when symptoms had subsided, preferably after 6 weeks. In this study, patients
with a previous cholecystitis are treated in a delayed setting. Timing of surgery after
ERCP varied between 3 days and several weeks, depending on the resources available.
Patients with a history of complicated biliary disease prior to LC and/or acute cholecystitis were regarded to be patients with a complicated disease, and patients without
these disease events prior to LC were regarded to have an uncomplicated disease.
Post-operative complications were derived from post- operative charts, blood results,
radiology reports and readmission notes and the hospital complication registration
system, in search for all LC related complications and re-interventions. A complication
was defined as any deviation from normal post-operative course and graded according
to Clavien–Dindo [8, 9].
Patients who developed post-operative complications were compared to patients
without complications. Risk factors for a post-operative complication were determined.
A risk score for complication was deducted. To analyse who is at risk for a specific complication, patient- and disease-related factors predicting for a post-operative complications were used as a variable in a prediction model for a specific complication.
Statistical analysis was performed using SPSS version
22.0. Categorical data were described as number (%) and continuous data as median
(IQR 25–75 %). For categorical data, the Pearson X2 test was used and for continuous
data the Mann–Whitney U test. Uni- and multivariable analysis was performed using
binomial logistic regression. All factors with a univariable p value of < 0.1 were used in
a multivariable analysis. A p value of <0.05 was considered to be statistically significant.
A risk score for overall complications was created using the beta coefficients from factors contributing to the multivariable analysis. Scores were calculated by dividing the
beta of each variable by the lowest beta and then rounded. The sum of these values
was expressed in a final risk score. Risk factors for complications were deducted from a
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multivariable binomial logistic regression analysis. This logistic regression analysis was
used to identify which patient- or disease-related risk factor is an independent predictor
for a specific complication.

Results
Between 2002 and 2012, a total of 4359 consecutive patients underwent cholecystectomy for symptomatic gallstone disease in two large teaching hospitals. Of all patients,
46 % were male; mean age was 50 years (IQR 39–62).
The indication for cholecystectomy was uncomplicated gallstone disease in 3040
patients (70 %); 1319 (30 %) patients had suffered complicated gallstone disease (Table
1), of whom 490 (11 %) patients underwent a cholecystectomy for acute cholecystitis at

Table 1. Demographic and baseline
p value

Total

With complication

No complication

N = 4359

N = 346

N = 4014

50 (39–62)

58 (43–71)

49 (38–61)

869

124 (36)

745 (19)

<0.001

2012

168 (49)

1844 (46)

0.351

239

43 (13)

196 (5)

Uncomplicated biliary diseasec

3040

157 (45)

2883 (72)

Complicated disease

1319

189 (55)

1130 (28)

Pre-operative ERCP

612

78 (23)

534 (14)

Pancreatitis

258

33 (10)

225 (6)

0.003

Previous cholecystitisb

132

40 (12)

92 (2)

<0.001

490

77 (22)

413 (10)

<0.001

158

38 (11)

120 (3)

<0.001

Patient characteristics
Age
>65 year
Male
a

ASA 3 or 4 (vs. 1 of 2)
Indication for surgery

<0.001
<0.001

History prior to LC

Acute cholecystitis
Conversion

<0.001

All variables are in median (IQR 25–75%) or in number (%). Numbers of patients within the category ‘‘complicated disease’’ are not mutually exclusive as some patients with complicated biliary disease had multiple
disease events (e.g. ERCP and acute cholecystitis)
ASA American Society of Anaesthesiology, ERCP endoscopic retrograde cholangiopancreatography
a
947 (22%) Missing cases
b
Previous cholecystitis: patients treated after a previous cholecystitis in a delayed setting (cholecystectomy
a froid)
c
Uncomplicated biliary disease: patients without a history of ERCP, pancreatitis previous cholecystitis prior
to LC and no signs of acute cholecystitis
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time of presentation. Numbers of patients within the category ‘complicated disease’ are
not mutually exclusive as some patients with complicated biliary disease had multiple
disease events (e.g. ERCP and acute cholecystitis).
Conversion was deemed necessary in 158 patients (3.6 %).
A total of 394 complications occurred in 346 patients, with an overall complication
rate of 7.9%. Wound infection was the most frequently occurring complication (1.9 %),
closely followed by intra-abdominal abscess (1.5 %) and bile leakage (type A bile duct
injury according to Amsterdam criteria, 1.4 %). Together with bleeding and pneumonia,
Table 2. Complications in the cohort of 4359 patient
Number of patients

346 (7.9%)

1 Complication

303 (7.0)

2 Complications

38 (0.9)

3 Complications

5 (0.1)

Major: Grade 3–50

249 (5.9)

Intra-abdominal abscess

64 (1.5)

Type A bile duct injury

60 (1.4)

Choledochus lesion

5 (0.1)

Bleeding

30 (0.8)

GI complications

15 (0.3)

Bowel injury

14

Bowel ischaemia

1

Herniation

12 (0.27)

Dehiscent fascia

1

Trocar herniation

2

Cicatricialis

9

Pulmonarya

34 (0.8)

Cardiacb

24 (0.6)

Miscellaneous

5

Minor: Grade 1–20
Wound infection

84 (1.9)

Bleeding without transfusion

18 (0.3)

Urologicalc

17 (0.4)

Miscellaneous

26 (0.7)

All complications are in no. (% of total patients)
0
Classification according to Clavien–Dindo [8; 9; 12]
a
Pulmonary complications: pneumonia 27, pulmonary embolism 4, pneumothorax 1, pleural effusion 1,
exacerbation COPD 1
b
Cardiac complications: atrial fibrillation 14, cardial decompensation 9, cardiac arrest 1
c
Urological complications: urinary tract infection 10, post-operative urine retention 7
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these complications comprised 77 % of all complications. Bile duct injury of the common bile duct was encountered 5 times (0.1 %). Of all 346 complications, 72 % were
classified grade III–IV according to Clavien–Dindo (Table 2).

Risk factors for complications and cumulative risk
Our logistic regression model identified five independent risk factors for the development of complications: age, previous cholecystitis, acute cholecystitis, previous ERCP
and conversion to open cholecystectomy. The event of a pancreatitis showed a trend
but did not reach significance (Table 3). ASA classification was missing in 947 (22 %)
patients and did not affect our logistic regression model.
The risk score created using the beta coefficient from each independent risk factors
contributing to the model is shown in Table 3. The effect of the sum of score, reflecting
one or more risk factors in one patient, on the overall complication risk is shown in Fig.
1. Patients without any risk factor (younger than 65 years and non-complex disease)
had a complication rate of 5.8 %, whereas patients with a score of five or more had a
complication risk up to 35 %.

Table 3 A risk score deducted from univariable and multivariable analyses of patients at risk for a complicated course of LC
Univariable

p value

OR (95% CI)

Multivariable

p value

b

Risk score

<0.001

0.650

2

OR (95% CI)

Male gender

1.1 (0.9–1.4)

0.351

–

Age >65 years

2.5 (1.9–3.1)

<0.001

1.9 (1.5–2.5)

–

ASA classification 3–4

2.4 (1.7–3.4)

<0.001

–

Pre-op ERCPa

1.9 (1.5–2.5)

<0.001

1.5 (1.1–2.1)

0.430

1

Pre-op pancreatitis

1.8 (1.2–2.6)

0.003

1.5 (0.9–2.3)

0.058

0.403

1
2

–
<0.04

Acute cholecystitis

2.5 (1.9–3.3)

<0.001

2.4 (1.8–3.3)

<0.001

0.890

Previous cholecystitisb

5.6 (3.8–8.2)

<0.001

5.4 (3.6–8.2)

<0.001

1.693

4

Conversion

4.0 (2.7–5.9)

<0.001

2.2 (1.5–3.3)

<0.001

0.797

2

Constantc

-3.015

All variables are in median (IQR 25–75%) or in number (%). Risk score was deducted using the betas from
the multivariable analysis
ASA American Society of Anaesthesiology, LC laparoscopic cholecystectomy, AC acute cholecystitis, OR
odds ratio, CI confidence interval
a
Pre-op ERCP, pre-operative endoscopic retrograde cholangiopancreatography
b
Patients treated after a previous cholecystitis in a delayed setting
c
This constant was derived from the multivariable analysis. Scores were calculated by dividing the beta of
each variable by the lowest beta and rounding
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Fig. 1 Risk score and complication rate.
40

Complications (%)

84

30

20

10

0
0

1

2

3

4

≥5

Risk score

Risk score: summarized risks, including age above 65 years = 2, conversion = 2, pre-operative ERCP = 1,
pre-operative pancreatitis = 1, previous cholecystitis = 4, acute cholecystitis = 2. Risk scores of 5 and higher
are combined

Distribution of complications over the individual risk factors
Results of risk factors and associated complications are listed in Table 4.

Age
Patients older than 65 years of age were at risk of the development of a pneumonia
post-operatively, with an odds ratio of 7 (95 % CI 3.3–15.0, p< 0.001) and bleeding (OR
2.2, 95 % CI 1.2–3.9, p = 0.014).

Complicated gallstone disease
Patients who underwent a cholecystectomy in a delayed setting after a previous cholecystitis were specifically at risk for a wound infection (OR 5.1, 95 % CI, (2.7–9.7), p< 0.001),
intra-abdominal abscess (OR 6.1, 95 % CI 2.8–13.8, p < 0.001), post-operative bleeding
(OR 4.8, 95 % CI 2.1–11.1, p < 0.001), bile leakage (type A bile duct injury) (OR 7.2, 95 % CI
3.4–15.4, p < 0.001) and pneumonia (OR 3.9, 95 % CI 1.3–11.9, p = 0.018).
Patients who undergo cholecystectomy for acute cholecystitis are at risk for intraabdominal abscess (OR 5.9, 95 % CI 3.4–10.1, p < 0.001), bile leakage (OR 3.6, 95 % CI
2.0–6.6, p < 0.001) and pneumonia (OR 3.5, 95 % CI 1.6–7.6, p < 0.002).
Patients who had undergone a pre-operative ERCP more often developed an intraabdominal abscess (OR 3.3, 95 % CI 2.0–5.7, p < 0.001), post-operative bleeding (OR 2.1,
95 % CI 1.2–3.9, p = 0.058) and pneumonia (OR 3.8, 95 % CI 1.9–7.8, p = 0.001) and a
trend to bile leakage (OR 1.8, 95 % CI 1.0–3.3, p = 0.067). For patients with a previous
pancreatitis, no specific complications were identifiable.

4.0 (2.1.-7.7)

Conversion

<0.001

3.5 (1.6-7.7)

3.3 (2.0-5.7)

2.1 (1.2-3.9)
-

<0.001
0.002

0.058

1.8 (1.0-3.3)

3.6 (2.0-6.6)
7.2 (3.4-15.4)

<0.001
4.8 (2.1-11.1) <0.001

2.2 (1.2-3.9)

-

(OR 95% CI)

p
0.014

OR (95% CI)

<0.001

p

Bile leakage

Bleeding

Complications

0.067

<0.001

<0.001

p

OR= odds ratio, CI= confidence interval, pre-op ercp= pre-operative endoscopic retrograde cholangiopancreatography, p= p-value.

-

6.1 (2.8-13.8)

5.9 (3.4-10.1)
<0.001

-

5.1 (2.7-9.7)

-

p

Intra-abdominal
abscess
OR (95% CI)

-

OR (95% CI)

Pre-op ERCP

Previous cholecystitis

Acute cholecystitis

Age > 65 years

Wound infection

Table 4. Independent risk factors for specific complications, defined by multivariable analysis

3.8 (1.9-7.8)

3.9 (1.3-11.9)

3.5 (1.6-7.6)

7.0 (3.3-15.0)

(OR 95% CI)

Pneumonia
p

0.001

0.018

0.002

<0.001
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Conversion
Conversion to open cholecystectomy was associated with wound infection (OR 4.0, 95 %
CI 2.1–7.7, p< 0.001), intra-abdominal abscess (OR 3.5, 95 % CI 1.6–7.7, p = 0.002).

Discussion
Present findings allow for anticipation of specific complications on an individual basis
after a laparoscopic cholecystectomy, based on a patient’s individual risk profile. In a
previous study, the most important risk factors for a complicated post-operative course
after laparoscopic cholecystectomy were identified, being ‘‘history of complicated biliary disease’’ and ‘‘acute surgery’’ [4]. The present study ratifies the importance of these
risk factors and predominantly demonstrates an association between a specific risk
factor and risk factor profile with specific complications, thus giving us insight into who
is at risk of what.
With our high number of patients, we were able to deduct a risk score, which can be
used as a tool to quantify a patient’s post-operative complication risk. Patients with a
cumulative risk score of 5 or more have over 30 % risk of a post-operative complication.
With the prediction of patient’s specific outcome and an optimal tool at hand, preoperative communication and individualized patient care become available. With this
knowledge, we can inform patients on their specific risks [10] and this individualized
counselling may contribute to a more weighed informed consent. For instance, according to our findings, an older patient with a history of previous cholecystitis has a 35 %
risk developing a serious complication (i.e. intra-abdominal abscess, bile leakage, bleeding). If such a patient is asymptomatic after the cholecystitis cool-down, the question is
whether LC is justified. Benefit and harm in these specific cases need further research.
For now, if surgery is deemed necessary, careful operative planning of this patient is
mandated [4, 11, 12]. Available evidence demonstrates that patient with complicated
gallstone disease might best be operated by an experienced laparoscopic surgeon
[4, 6, 12, 13]. Such individualized planning does reduce hospital admission time and
significantly decreases overall medical cost [2, 14, 15]. In addition, our current study now
supports that a reduction in conversion rate will indirectly improve the wound infection
and intra-abdominal abscess rate.
The awareness of a patient’s specific risk profile may help to prevent a specific postoperative complication. Patients and their surgeons may be individually prepared to
avoid these specific complications or be more vigilant to recognize a specific complication in an early stage. Furthermore, as we learn more about individual patient risk
profiles, an incentive will rise to research targeted measures for prevention. Besides a
pulmonary prevention plan, tailor-made surgical strategies become conceivable. Older
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age as a risk factor showed to be significantly related to bleeding. This association is
not fully explained as cardiovascular comorbidity or use of anticoagulant drugs was not
assessed. Further research may answer this question.
A remarkable finding of our current study is the increased risk of type A bile duct
injury (bile leakage from cystic stump or Luska) after LC in patients with complicated
gallstones disease. In a previous study, we encountered a cystic duct leakage rate of
4.3 % in patients after ERCP [12]. A weak association between pre-operative ERCP and a
type A bile duct injury is found in the present study. We find that patients with acute or
previous cholecystitis have a high risk for type A bile duct injury (OR 7.4). Possibly this
high rate of slippage of clips can be explained by oedema and fibrosis of the cystic duct
wall, due to either inflammation or a passed gallstone. Looping instead of clipping with
metal clips might be a solution to cystic duct leakage due to clip failure [3, 4, 16–18].
Further research has been undertaken to support this hypothesis. Present results need
to be interpreted with some caution. The outcome of our study does not have to be
representative for other centres. Studies with a retrospective character are well known
to induce unknown confounders, and results may be biased by missing data. External
validation of risk factors and specific complications will be needed. Nevertheless, risk
factors found in our study are supported by other studies, and our large patient number
supports a reliable estimate of specific complications [2, 11, 12, 19]. In conclusion, with
quality standards being a topic of great interest in today’s health care system, the importance of excellent care in exactly high-volume procedures cannot be overlooked. With
our prediction of individual outcome, we are able to individualize the pre-operative
counselling and implement careful operative planning. All patients presenting with risk
factors should be thoroughly instructed on the possible occurrence of complications
of their upcoming surgery, and the informed consent procedure should be carefully
performed [10, 17]. Furthermore, anticipation of a complication could be an important
incentive to focus on concrete measures to reduce specific complication in patients at
risk.
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