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Abstract

Background Laparoscopic cholecystectomy is increasingly performed in an ever ageing population; however, the risks are
poorly quantified. The study aims to review the current evidence to quantify further the postoperative risk of cholecystectomy
in the elderly population compared to younger patients.

Method A systematic literature search of PubMed, EMBASE and the Cochrane Library databases were conducted including
studies reporting laparoscopic cholecystectomy in the elderly population. A meta-analysis was reported in accordance with
the recommendations of the Cochrane Library and PRISMA guidelines. Primary outcome was overall complications and
secondary outcomes were conversion to open surgery, bile leaks, postoperative mortality and length of stay.

Results This review identified 99 studies incorporating 326,517 patients. Increasing age was significantly associated with
increased rates of overall complications (OR 2.37, Clgsq 2.00-2.78), major complication (OR 1.79, Clys, 1.45-2.20), risk
of conversion to open cholecystectomy (OR 2.17, Clysq, 1.84-2.55), risk of bile leaks (OR 1.50, Clysq 1.07-2.10), risk of
postoperative mortality (OR 7.20, Clysq 4.41-11.73) and was significantly associated with increased length of stay (MD
2.21 days, Clgsq, 1.24-3.18).

Conclusion Postoperative outcomes such as overall and major complications appear to be significantly higher in all age cut-
offs in this meta-analysis. This study demonstrated there is a sevenfold increase in perioperative mortality which increases by
tenfold in patients > 80 years old. This study appears to confirm preconceived suspicions of higher risks in elderly patients
undergoing cholecystectomy and may aid treatment planning and informed consent.
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Over 66,000 cholecystectomies are performed each year in
the UK costing over £110 million to the National Health
Service [1, 2]. The majority of these cases are now done
laparoscopically, owing to significantly lower rates of
morbidity and mortality compared to conventional open
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surgery. Recently, a national multicentre study highlighted
that 96% of cases are done laparoscopically, establishing
laparoscopic cholecystectomy as mainstay management for
various benign gallbladder diseases [3, 4]. Biliary colic or
acute cholecystitis accounts for >70% of the indications for
performing a cholecystectomy.

With an ageing population, demands for surgery are
expected to rise over the next decade with associated increas-
ing frailty [5, 6]. In parallel, it is estimated that increasing
numbers of elderly patients will present with gallstone dis-
ease [7, 8], and it is thought that patients aged 80-89 years
account for 28% and 42% of male and female patients,
respectively [8, 9]. Since age is associated with existence
of multiple comorbidities and reduced functional reserve,
it is thought that operating on elderly patients could be
associated with an increased risk of complications [10-12].
Despite this, elderly patients may still undergo laparoscopic
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cholecystectomy. Many studies evaluating outcomes of
laparoscopic cholecystectomy in their definition of elderly
patients versus younger patients have shown that increasing
age leads to higher conversion rates, more complications and
a longer hospital stay [7-10].

Despite this, current literature on definition of an elderly
population in regard to outcomes following laparoscopic
cholecystectomy is heterogeneous. Hence, counselling
elderly patients regarding morbidity and mortality of laparo-
scopic cholecystectomy is difficult. To date, current evidence
is limited to cohort studies and no meta-analysis charac-
terising the impact of age on postoperative complications
following laparoscopic cholecystectomy exists. Therefore,
this study aimed to perform a systematic review and meta-
analysis to summarise postoperative outcomes of elderly
patients undergoing laparoscopic cholecystectomy.

Methods

This paper is reported according to the PRISMA guidelines
[13] and was prospectively registered with the PROSPERO
database (Registration CRD42019125343). This study did
not require approval by the Institutional Review Board as
this was a systematic review of current literature and no
patient consent was required. There was deviation from the
protocol with additional analyses by urgency of surgery and
the use of ROBINS-I for study quality assessment.

Search strategy

A systematic search of PubMed, EMBASE and the Cochrane
Library databases was conducted on the 1 November 2018
by two independent investigators (SKK, SK). The search
terms used were ‘cholecystectomy’ or ‘laparoscopic’, and
‘treatment outcome’ or ‘complications’ or ‘intraoperative
complications’ or ‘postoperative complication’, and ‘elderly’
or ‘octogenarian’ or ‘frail’ individually or in combination.
Search terms used for this review are presented as shown in
Supplementary Table 1. The ‘related articles’ function was
used to broaden the search, and all citations were considered
for relevance. A manual search of reference lists in recent
reviews and eligible studies was also undertaken.

Inclusion and exclusion criteria

The inclusion criteria were (1) studies reporting compara-
tive analysis of laparoscopic cholecystectomy in elderly
patients; (2) published in the English language. Studies were
still included even if all the relevant outcome data were not
provided. Exclusion criteria were (1) conference abstracts,
systematic reviews, meta-analyses and case reports (<5
patients); (2) any studies that did not report the outcomes
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of the surgery numerically. Two independent authors (RSK,
SK) excluded duplicates and independently reviewed the
titles, abstracts and full articles of the studies identified by
the literature search. Where the full article was not avail-
able, in paper or electronic form, the article was excluded.
Major reviews were manually searched to obtain any other
potentially relevant studies. The authors discussed any cases
which presented any differences.

Study outcomes

The primary outcome measures were overall complications
(Grade I-V) and major complications (> Grade III) reported
according to Clavien—Dindo Classification [14]. Secondary
outcomes were conversion to open surgery, bile leaks, perio-
perative mortality and length of hospital stay.

Data extraction

Three authors extracted data independently and reviewed
the data for any discrepancies. The data collected included
study characteristics (authors, year of publication, country of
origin, patient number, definition of elderly, type of study),
indications for surgery and outcome measures (overall and
major complications, major complications, conversion, bile
leaks, perioperative mortality, length of hospital stay).

Assessment of methodological quality

Four independent authors (SKK, RSK, CE, TC) assessed
the methodological quality using the risk of bias in non-
randomised studies of interventions (ROBINS-I) [15]. The
ROBINS-I assessed each study on seven distinct domains
through which bias might be introduced. These domains are
divided according to pre-intervention (bias due to confound-
ing and bias in selection of participants into the study), at
intervention (bias in classification of interventions), and
post-intervention (bias due to deviations from intended inter-
ventions, bias due to missing data, bias in measurement of
outcomes and bias in selection of the reported result). Each
of these seven domains is graded according to low, moder-
ate, critical, serious or no information.

Statistical methods

This systematic review and meta-analysis was conducted
in accordance with the recommendations of the Cochrane
Library and PRISMA guidelines [13]. For binary variables,
analysis was performed by calculating the odds ratio (OR).
For continuous data, analysis was performed to calculate
the cumulative mean difference (MD) with 95% confi-
dence intervals (Clgs¢). The random effects, the DerSi-
monian-Laird method, was used for the meta-analysis of
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outcomes. Heterogeneity between studies was assessed using
the I, value in order to determine the degree of variation not
attributable to chance alone. I, values were considered to
represent low, moderate and high degrees of heterogeneity
where values were <25%, 25-75% and > 75%, respectively.
Assessment of small study effects was carried out by visual
assessment of funnel plots and Egger regressions. Stratified
analyses were performed by urgency of surgery (i.e. elective
and emergency) for each postoperative outcome. Statistical
significance was considered when p <0.05. Statistical analy-
ses were performed using the RevMan 5.3 software (Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2011) and R statistical software (Version 3.5.2,
R Foundation for Statistical Computing, Vienna, Austria) as
previously described [16, 17].

Results
Study characteristics

This study included 99 studies (n=326,517 patients)
reported according to the PRISMA guidelines as shown
in Fig. 1. Baseline characteristics of studies are presented
in Supplementary Table 2. Studies identified were from
North America (n=28), Asia (n=31) and Europe (n=39).
Indication for surgery was reported only in 77 studies.
Urgency of cholecystectomy were reported in 90 studies
(n=303,463 patients), of which 7% (n=19,754) were
elective cases and 67% (n=203,924) were emergency
cases. In this study, 52 studies were comparative studies.

Fig. 1 PRISMA diagram of included studies
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Reporting standards and methodological quality

Study quality was assessed using ROBINS-I for comparative
studies, with majority of studies (78%, n=77/99) deemed as
overall low risk of bias (Supplementary Table 3). There was
significant variation in cut-off ages used to define elderly
populations with age > 60 (n=_8 studies), > 65 (n=239 stud-
ies), >70 (n=14 studies), >75 (n=11 studies), >80 (n=22
studies) the most commonly used. Studies were pooled into
subgroups according to age cut-off value.

Overall complications

Impact of increasing age on overall complications was
reported in 48 studies, including 49,215 patients. Overall,
increasing age was significantly associated with increased
rates of overall complications (OR 2.37, Clys, 2.01-2.78,
1,=56%) (Supplementary Fig. 1). Overall complication rates
were significantly increased in age subgroups: > 65 years
(OR 2.63, Clysq 1.96-3.54, I,=70%), >70 years (OR
1.76 Clgsq, 1.30-2.39, I,=0%), > 75 years (OR 2.26, Clys,
1.65-3.10, I,=0%) and >80 (OR 2.71, Clys¢ 1.83-3.99,
I,=52%) (Table 1, Fig. 2). When stratified by urgency,
increasing age was associated with significantly higher over-
all complications for elective (OR 2.46, Clysq 1.63-3.71,
1,=38%) and emergency (OR 1.98, Clysq 1.33-2.94,
1,=48%) laparoscopic cholecystectomy (Table 2).

Major complications

Impact of increasing age on major complications was
reported in 14 studies, including 34,748 patients. Increasing
age was associated with significantly higher rates of major
postoperative complications (OR 1.79, Clys, 1.45-2.20,
1,=34%) (Supplementary Fig. 2). Major complication rates
were significantly increased in subgroups: > 65 years (OR
1.51, Clysq 1.38-1.65, I,=0%) and >80 years (OR 1.95,
Clysq 1.65-2.29, I, =0%) (Supplementary Fig. 3). Since
there was only one study reporting outcomes for major com-
plications elective and emergency laparoscopic cholecystec-
tomy, subgroup analyses were not possible (Table 2).

Conversion to open surgery

Impact of increasing age on conversion to open chol-
ecystectomy was reported in 53 studies, including 59,173
patients. Overall, increasing age was significantly associ-
ated with increased odds of conversion to open cholecys-
tectomy (OR 2.17, Clysq 1.84-2.55, 1,=56%) (Supple-
mentary Fig. 4). Conversion to open cholecystectomy was
significantly increased in subgroups with the following age
cut-offs: >65 (OR 2.62, Clysq, 1.97-3.49, 1,=63%),>75
(OR 2.04, Clysq, 1.54-2.69, I,=0%), >80 (OR 2.48, Clys,,
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1.97-3.12,1,=13%) (Table 1, Supplementary Fig. 5). When
stratified by urgency, increasing age was associated with
significantly higher odds for conversion for elective (OR
2.48, Clysq 1.71-3.59, I,=0%) and emergency (OR 2.28,
Clysq 1.39-3.75, I,=58%) laparoscopic cholecystectomy
(Table 2).

Bile leaks

Impact of increasing age on bile leaks was reported in 30
studies, including 42,765 patients. Overall, increasing age
was significantly associated with increased rates of bile leaks
(OR 1.50, Clys¢, 1.07-2.10, I, =0%) (Supplementary Fig. 6).
However, bile leaks were not increased in studies report-
ing age in all age cut-offs (Table 1, Supplementary Fig. 7).
When stratified by urgency, increasing age was not associ-
ated with higher rates of bile leaks for elective (OR 0.56,
Clysg, 0.12-2.69, I,=0%) and emergency (OR 1.28, Clysq
0.75-2.18, I,=0%) laparoscopic cholecystectomy (Table 2).

Postoperative mortality

Impact of increasing age on postoperative mortality was
reported in 50 studies, including 78,404 patients. Overall,
increasing age was significantly associated with increased
rates of postoperative mortality (OR 7.20, Clysq, 4.41-11.73,
1,=59%) (Supplementary Fig. 8). Postoperative mortality
rates were significantly increased in all age cut-off sub-
groups: > 65 (OR 5.17, Clysq 2.48-10.77, I,=56%), >70
(OR 4.86, Clysq 1.04-22.75,1,=0%), >75 (OR 6.09, Clys,,
1.61-23.02, I,=2%), >80 (OR 10.20, Clys4 4.97-20.92,
1,=32%) (Fig. 3). When stratified by urgency, increasing
age was associated with significantly higher rates of postop-
erative mortality for elective (OR 13.34, Clys4 2.07-85.92,
1,=0%) and emergency (OR 5.54, Clys, 1.96-15.70,
I, =0%) laparoscopic cholecystectomy (Table 2).

Length of stay

Impact of increasing age on length of stay following chol-
ecystectomy was reported in 24 studies, including 10,997
patients. Overall, increasing age was significantly associ-
ated with increased length of stay (Mean difference (MD):
2.21, Clysq 1.24-3.18, I,=99%) (Supplementary Fig. 9).
Length of stay was significantly increased in age cut-off
subgroups: > 65 (MD 2.33, Clysq 1.10-3.56, I,=96%),
>70 (MD 3.37, Clysq 0.28-6.46, I,=98%) and >80 (MD
1.33, Clys¢ 0.54-2.11, I,=83%) (Table 1, Supplementary
Fig. 10). When stratified by urgency, increasing age was
associated with significantly longer length of stay for elec-
tive (MD 1.84, Clysq 1.27-2.41, I,=64%) and emergency
(MD 2.63, Clysq, 1.13-4.14, I, =88%) laparoscopic chol-
ecystectomy (Table 2).
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Table 1 Summary of
postoperative outcomes

in patients undergoing
laparoscopic cholecystectomy

Publication biases

4731
Outcomes Studies, n Patients, n Odds ratio/mean differ- p value P
ence* (95% CI)
Overall complications
>60 vs <60 years 3 1107 1.86 (0.84-4.11) 0.1 75
> 65 vs <65 years 15 32,927 2.63 (1.96-3.54) <0.001 70
>70 vs <70 years 8 2453 1.76 (1.30-2.39) <0.001 0
>75 vs <75 years 7 4299 2.26 (1.65-3.10) <0.001 0
>80 vs < 80 years 14 6394 2.71 (1.83-3.99) <0.001 52
Major complications
>60 vs <60 years 0 - - -
>65 vs <65 years 2 15,044 1.51 (1.38-1.65) <0.001 0
>70 vs <70 years 3 831 2.16 (0.71-6.53) 0.2 71
>75 vs <75 years 2 919 1.88 (0.35-10.14) 0.5 0
>80 vs < 80 years 7 17,954 1.95 (1.65-2.29) <0.001 0
Conversion to Open
>60 vs <60 years 3 1107 1.52 (0.91-2.50) 0.1 0
>65 vs <65 years 18 27,122 2.62 (1.97-3.49) <0.001 63
>70 vs <70 years 6 1695 1.50 (0.54-4.13) 0.4 78
>75 vs <75 years 7 4519 2.04 (1.54-2.69) <0.001 0
>80 vs <80 years 17 22,340 2.48 (1.97-3.12) <0.001 13
Bile Leaks
>60 vs <60 years 2 442 0.56 (0.12-2.69) 0.5 0
>65 vs <65 years 10 20,889 1.43 (0.93-2.23) 0.1 0
>70 vs <70 years 4 1189 1.60 (0.62—4.13) 0.3 0
>75 vs <75 years 5 3127 1.78 (0.49-6.41) 0.4 0
>80 vs < 80 years 9 17,118 2.05 (0.87-4.84) 0.1 0
Postoperative mortality
>60 vs <60 years 2 442 — — —
>65 vs <65 years 16 49,962 5.17 (2.48-10.77) <0.001 56
>70 vs <70 years 6 1583 4.86 (1.04-22.75) 0.045 0
>75 vs <75 years 9 4795 6.09 (1.61-23.02) 0.008 2
>80 vs < 80 years 15 21,185 10.20 (4.97-20.92) <0.001 32
Length of Stay, days
>60 vs <60 years — — —
>65 vs <65 years 7 2920 2.33 (1.10-3.56) <0.001 96
>70 vs <70 years 5 1616 3.37 (0.28-6.46) 0.032 98
>75 vs <75 years 4 2933 1.08 (— 0.28-2.44) 0.1 92
>80 vs < 80 years 7 3173 1.33 (0.54-2.11) <0.001 83

Egger regression testing suggested publication biases were
minimal for reporting of major complications (p=0.314,
Supplementary Fig. 11), conversion to open (p=0.352,
Supplementary Fig. 12), bile leaks (p =0.589, (Supple-
mentary Fig. 13) and postoperative mortality (p =0.172,

*Mean difference were used for the presentation of length of stay data

(Supplementary Fig. 14), and length of stay (p =0.728, Sup-
plementary Fig. 15). Egger regression testing for publication
bias was significant for reporting of overall complications
(p =0.004, Supplementary Fig. 16). Subgroup analyses
showed that publication biases were present in the subgroup
of studies reporting age > 65 as a cut-off (p=0.0012) and
not in any of the other subgroups.
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Study

Nazeer 2012
Bhandari 2017
Ekici 2018

Random effects model

Elderly
Events Total

13 60
14 78
21 127

265

Heterogeneity: 12 = 75%, 12 = 0.3644, p = 0.02

Elderly
Study Events Total
Rey 1995 2 48
Lo 1996 8 30
Kauvar 2005 10 59
do 2006 7 39
Osman 2008 19 101
Chang 2009 9 M7
Cui 2010 146 737
Yetim 2010 0 20
Yetim 2010 5 96
Lill 2011 19 160
Tucker 2011 1562 11926
Qasaimeh 2012 32 234
Teixeira 2014 18 81
Zhao 2015 4 52
Rizzuto 2016 6 40
Random effects model 13740

Heterogeneity: 12 = 70%, 12 = 0.1282, p < 0.01

Study

Ido 1995

Mayol 1997
Paganini 2002
Bingener 2003
Annamaneni 2005
Yetkin 2009
Fujikawa 2012
Ambe 2015

Random effects model

Elderly
Events Total

13 57
12 61
9 7
34 230
5 29
9 68
5 49
18 74
645

Heterogeneity: /2 = 0%, 2= 0, p = 0.63

Study

Firilas 1996
Pessaux 2000
Kirshtein 2008
Osman 2008
Polychronidis 2008
Su 2009

Lill 2011

Random effects model

Elderly
Events Total

14 61
14 102
13 42
6 23

6 153

6 17

10 80
478

Heterogeneity: /2 = 0%, 12 = 0, p = 0.99

Study

Maxwell 1998
Brunt 2001
Bingener 2003
Kwon 2006
Costi 2007
Pavlidis 2008
Chang 2009
Kim 2009
Leardi 2009
Lee 2013
Mauro 2014
Peker 2014
Wakasugi 2017
Yokota 2018

Random effects model

Elderly
Events Total

14 105
70
49
45
27
21
17
35

100
57
18

M
47
52

N -
ONWWD = ®®

w oo s

754

Heterogeneity: 12 = 52%, 12 = 0.2674, p = 0.01

Non-Elderly
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24 164
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842
Non-Elderly
Events Total
0 316
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21 208
10 510
511 3311
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7 415

0 80
1026 11926
67 1305

9 168

1 60

6 315
19187
Non-Elderly

Events Total

80 655

11 97
28 207

12 165

1 17

51 527

2 62

11 78
1808
Non-Elderly

Events Total

20 133

50 761

27 183

34 286

37 2259

8 39

9 160
3821
Non-Elderly

Events Total

1 210
45 351
38 346
10 471
5 133
39 1242
16 610
15 353
6 241
28 323
20 113
14 185
46 763
21 299
5640

Odds Ratio OR
—— 1.21
—_— 1t 1.28

[ ——+— 3.9

- 1.86

r T T 1
0.2 0.5 1 2 5
Odds Ratio OR
—_— 3403
—— 1.71
— 6.33
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— 417
: 1.35
B 0.66
—— 3.20
—_— 2219
] 1.60
2.93
—— 5.05
: 4.92
—_— 9.09
<> 2.63
r T T 1
0.01 0.1 1 10 100
Odds Ratio OR
_— 2.12
—+ 1.91
_— 0.85
_— 2.21
- 3.33
— 1.42
—_— 3.41
+— 1.96
1.76
r T T 1
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Odds Ratio OR
e e — 1.68
_— 2.26
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T 2862
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- 2.1
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2.26
r T T 1
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Odds Ratio OR
_— 2.78
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1.58
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—_— 411
_t 1.33
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2.7
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95%-Cl Weight
[0.57;2.56]  32.0%
[0.62;2.63] 32.6%
[2.12;7.19] 35.3%
[0.84; 4.11] 100.0%
95%-Cl Weight
[1.61;719.99] 0.9%
[0.54; 5.41]  4.8%
[2.38; 16.84]  6.0%
[0.80; 574]  6.0%
[1.05; 4.04]  9.2%
[1.65; 10.50]  6.5%
[1.10; 1.66] 16.4%
[0.03; 12.80]  0.9%
[0.99; 10.32]  4.7%
[1.32; 372.39] 1.0%
[1.47; 1.74] 17.5%
[1.87; 458 12.6%
[2.15; 11.83]  7.2%
[0.53; 45.46]  1.6%
[2.78; 29.75]  4.6%
[1.96; 3.54] 100.0%
95%-Cl Weight
20.9%
11.5%
14.2%
[1.11; 442] 19.1%
[0.36; 31.26] 1.8%
[0.67; 3.04] 15.9%
[0.63;18.39]  3.2%
[0.85; 4.49] 13.3%
[1.30; 2.39] 100.0%
95%-Cl Weight
[0.78;3.61] 17.3%
[1.20;4.26] 25.1%
[1.20;5.60] 16.9%
[0.97;7.09] 10.1%
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[0.60;7.47)  6.3%
[0.93;6.16] 11.3%
[1.65; 3.10] 100.0%
95%-Cl Weight
8.9%
10.7%
8.8%
[0.13; 8.38]  2.8%
[2.05;26.13]  5.7%
[1.45;18.18]  5.8%
[2.08;30.45] 5.4%
[0.30; 623]  4.6%
[3.80; 25.24] 7.9%
[2.05; 8.24] 10.0%
[0.40; 4.46]  6.1%
[0.45; 2.58]  8.5%
[1.41; 7.24]  8.9%
[0.23; 2.82] 5.9%
[1.83; 3.99] 100.0%
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«Fig.2 Impact of age cut-offs on overall complications in patients
undergoing laparoscopic cholecystectomy A >60 years B >65 years
C >70 years D >75 years E >80 years

Sensitivity analysis of adjusted outcomes

Heterogeneity in the effect of increasing age on the reported
outcomes was hypothesised to be due to the wide-range of
age cut-offs used. Subgroup analyses of studies reporting
only age cut-offs >70 and >75 were therefore completed.

Discussion

This systematic review and meta-analysis including 99
studies and 326,517 patients undergoing laparoscopic chol-
ecystectomy demonstrated postoperative outcomes such as
overall and major complications (Clavien—Dindo > Grade
IIT) were significantly higher in all age cut-offs. Further,
this study demonstrated there is a sevenfold increase in
perioperative mortality in the elderly compared to the non-
elderly which increases by tenfold in patients >80 years
old. Although the risk of bile leak was higher in the overall
cohort, there were no significant differences in bile leak in
age cut-offs of >70 and > 80 years old, respectively. There
were significantly higher rates of conversions, as high as
threefold in the elderly population. Patients converted from a
minimally access surgery to open surgery have a higher risk
of perioperative mortality and morbidity, as demonstrated
in this review [18-20]. These findings were consistent even
when stratified by urgency of surgery (i.e. elective or emer-
gency). Whilst current risk estimation considers presence
of comorbidities or American Society of Anaesthesiologist
(ASA) grade, adopting risk profiles of varying age groups
should also be considered during pre-operative counselling.
Pre-operative optimisation of comorbidities, medications,
screening for dementia and addressing frailty by a geriatri-
cian or a full multi-disciplinary team could help improve
operative outcomes in these patients [21-23].

The proportion of the population over the age of 65 is
projected to rise from 18% currently to 25% in 30 years’
time. Gallstone disease more commonly affects the elderly
and in turn the sequelae of gallstone disease such as biliary
colic, cholecystitis and pancreatitis make up a large aspect
of acute surgical admissions. Current guidance advocates
acute cholecystectomy within 1 week from the onset of
acute cholecystitis and within 2 weeks if gallstones are the

precipitant cause of pancreatitis [24]. Cholecystectomy in
the acute setting has been shown to be both safe and cost
effective [4, 25]. Increasing evidence also suggests superi-
ority of cholecystectomy over cholecystostomy in high-risk
patients [26, 27]. Patients undergoing cholecystostomy are
predominantly elderly and up to a quarter of patients under-
going cholecystostomy will be re-admitted within 30 days of
discharge [28]. Elderly patients undergoing cholecystostomy
have been shown to have higher rates of mortality, post-
procedural infection, bleeding and length of stay as com-
pared to cholecystectomy [29]. These factors are changing
the way we interpret and treat gallstone disease leading to
a rise in the number of cholecystectomies performed each
year. This highlights the importance in understanding and
defining the impact of laparoscopic cholecystectomy on the
elderly population.

This systematic review and meta-analysis adds evidence
to quantify risk in elderly populations undergoing chole-
cystectomy. Increasingly healthcare professionals are ques-
tioned about discriminating against patients due to their age.
It is often assumed that age is synonymous with increased
co-morbidity. Due to lack of reporting in numerous stud-
ies, it was not possible to analyse age independently of
co-morbidity. Future studies are increasingly adjusting for
comorbidities and this is a potential area for enhancement in
subsequent reviews. The meta-analysis is challenged by the
lack of reporting of randomised and multicentre publications
which is a further source of potential improvement with
the publication of higher quality evidence. Despite some
of the potential areas for improvement, this meta-analysis
is the first to specifically quantify the postoperative risk of
cholecystectomy in the elderly population. It encompasses
a large number of studies which in turn incorporates over
300,000 patients. As the population ages, it is important that
we improve our understanding of risk for elderly patients
undergoing cholecystectomy and this meta-analysis makes
significant strides to achieve this.

Consideration of alternative treatment strategies to lapa-
roscopic in elderly patients will aid in informed-decision
making amongst patients. In patients with acute cholecysti-
tis, alternative strategies may include antibiotic management
and percutaneous catheter drainage [30, 31]. A recent ran-
domised controlled trial [26] comparing percutaneous cath-
eter drainage and laparoscopic cholecystectomy for high-
risk patients with acute cholecystitis identified laparoscopic
cholecystectomy to be associated with significantly lower
rates of major complications and re-interventions, although

@ Springer



4734 Surgical Endoscopy (2020) 34:4727-4740
Table 2 SPmmarY postoperative Outcomes Studies, n Patients, n QOdds ratio (95% CI) p value P
outcomes in elderly and non-
elderly pati'ents by urgency of Overall complications
laparoscopic cholecystectomy Elective 10 4630 246 (1.63-3.71) <0001 38
Emergency 8 5396 1.98 (1.33-2.94) <0.001 48
Mixed 24 36,324 2.27(1.83-2.82) <0.001 52
Major complications
Elective 1 284 - - -
Emergency 1 152 - - -
Mixed 10 33,058 1.81 (1.47-2.21) <0.001 35
Conversion to open
Elective 9 4630 2.48 (1.71-3.59) <0.001 0
Emergency 11 6414 2.28 (1.39-3.75) 0.001 58
Mixed 27 44,069 2.09 (1.67-2.63) <0.001 69
Bile leaks
Elective 442 0.56 (0.12-2.69) 0.5 0
Emergency 8 5819 1.28 (0.75-2.18) 0.3 0
Mixed 15 34,603 1.53 (0.95-2.45) 0.1 0
Postoperative mortality
Elective 9 2595 13.34 (2.07-85.92) 0.006 0
Emergency 11 6414 5.54 (1.96-15.70) 0.001 0
Mixed 25 65,482 8.08 (4.37-14.92) <0.001 73
Length of stay, days
Elective 752 1.84 (1.27-2.41) <0.001 64
Emergency 7 1513 2.63 (1.13-4.14) <0.001 88
Mixed 5 8020 1.99 (0.44-3.54) 0.012 99

no significant difference in mortality rates. Whilst bridging
with percutaneous catheter drainage prior to laparoscopic
cholecystectomy may be a sensible treatment strategy, this
needs to be evaluated in a case-by-case basis. However,
alternative strategies for biliary colic and chronic cholecys-
titis are conservative options such as diet and weight control
to reduce episodes of gallstone related complications. None-
theless, careful discussion with patients on risks and benefits
of laparoscopic cholecystectomy is warranted.

Our systematic review and meta-analysis do have some
limitations to be addressed. Firstly, whilst it is a thorough
review containing large patient numbers, the evidence
comes from mainly retrospective case series and from
studies which have used different age cut-offs. Secondly,
chronological age has many limitations and data on biologi-
cal fitness is lacking to explain why elderly patients develop

@ Springer

poorer outcomes compared to younger patients [32]. For
example, prospective scoring of patient frailty, an increas-
ingly recognised feature associated with poor postoperative
outcomes, is lacking [7, 33]. Thirdly, a precise scoring of
intraoperative cholecystectomy difficulty is lacking [34, 35].
Elderly patients often have gallstones for many years and
features of chronic cholecystitis with the obliteration of the
tissue planes in Calot’s triangle and even chronic fistulation,
such as Mirizzi syndrome [36] or cholecysto-enteric fistula-
tion, which naturally lead to poorer patient outcomes [37].
These challenging operative conditions require a modifica-
tion in surgical strategies to ensure best patient outcomes
[38]. Finally, whilst length of stay should ideally come with
discharge to a nursing facility, it remains unclear from the
included studies if this were the case and hence could not
be evaluated.



Surgical Endoscopy (2020) 34:4727-4740

4735

A

Elderly
Study Events Total
Rey 1995 0 48
Lo 1996 0 30
Kauvar 2005 1 59
do 2006 1 39
Kaya 2006 0 318
Osman 2008 0 101
Chang 2009 0 117
Cui 2010 2 737
Lill 2011 0 160
Tucker 2011 131 11926
Qasaimeh 2012 2 234
Agrusa 2014 2 416
Nielsen 2014 85 5612
Teixeira 2014 2 81
Lee 2015 0 126
Zhao 2015 0 52
Random effects model 20056

Heterogeneity: /2 = 56%, 12 = 0.4495, p = 0.02

Elderly
Study Events Total
Paganini 2002 1 77
Bingener 2003 5 230
Annamaneni 2005 0 29
Yetkin 2009 0 68
Fujikawa 2012 0 49
Ambe 2015 2 74
Random effects model 527
Heterogeneity: /2 = 0%, 12 = 0, p = 0.92
Elderly
Study Events Total
Firilas 1996 0 61
Pessaux 2000 1 102
Majeski 2004 2 35
Kirshtein 2008 2 42
Osman 2008 0 23
Polychronidis 2008 0 153
Su 2009 0 17
Lill 2011 0 80
Fuks 2015 1 78
Random effects model 591
Heterogeneity: /% = 2%, 12 = 0.0483, p = 0.39
Elderly
Study Events Total
Tagle 1997 2 20
Maxwell 1998 5 105
Brunt 2001 2 70
Bingener 2003 1 49
Costi 2007 1 27
Pavlidis 2008 0 21
Chang 2009 0 17
Lee 2013 6 57
Agrusa 2014 2 65
Mauro 2014 1 18
Nielsen 2014 44 697
Peker 2014 1 111
Lee 2015 0 35
Wakasugi 2017 0 47
Yokota 2018 0 52
Random effects model 1391

Heterogeneity: 12 = 32%, 12 = 0.4044, p = 0.13

Non-Elderly
Events

N

N
oo oNON

O w200 -=0o0o0

Total

316
40
256
151
1783
208
510
3311
80
11926
1305
811
8805
168
176
60

29906

Non-Elderly
Events Total

oo oo -=o

207
165
17
527
62
78

1056

Non-Elderly
Events Total

OO0 o000 -=00N

133
761

47
183

N
N N
w g ®
© © &

160
336

4204

Non-Elderly

Events

OO ~N-= 2000 OoOo

S
@

o oonN

Total

70
210
351
346
133

1242
610
323

1162
113

13720
185
267
763
299

19794

Odds Ratio OR
13.15
3.95
- 1.45
_ 3.00
: 2.75
+—— 5.62
- 9.79
11.27
10.60
= 5.17
I T T 1
0.01 0.1 1 10 100
Odds Ratio OR
8.14
_ 3.64
5.41
I —— 4.86
I T T 1
0.01 0.1 1 10 100
Odds Ratio OR
0.43
22,51
7.09
4+ 9.10
: 13.03
_— 6.09
I T T 1
0.01 0.1 1 10 100
Odds Ratio OR
+— 19.05
—a— 23.04
—_— 25.66
_— 1.42
- 15.11
+— 19.25
— 11.61
—_— 5.31
—————— 9154
—— 19.46
k 17.38
_— 0.83
] 10.20
I T T 1
0.001 0.1 1 10 1000

95%-Cl

[0.53; 326.98]
[0.24; 64.56]

[0.06; 35.70]
[0.50; 17.99]

[1.97; 3.83]
[0.79; 40.07]
[0.47; 204.37)
[6.15; 20.64]
[0.50; 223.33]

[2.48; 10.77]

95%-Cl

[0.33; 201.90]
[0.42; 31.49]

[0.26; 114.67]

[1.04; 22.75]

95%-Cl

[0.02; 9.04]
[0.91; 556.21]
[0.33; 152.48]
[0.81; 102.82)

[0.53; 322.81]

[1.61; 23.02)

95%-Cl

[0.88; 414.27)
[1.26; 420.74]
[1.22; 540.34]
[0.16; 12.42]
[0.60; 381.15]
[0.76; 486.04]
[0.46; 295.16]
[1.72; 16.44]
[4.35; 1926.73]
[0.76; 496.79]
[11.56; 26.11]
[0.07; 9.28]

[4.97; 20.92]

Weight

0.0%
0.0%
4.5%
5.6%
0.0%
0.0%
4.5%
10.9%
0.0%
29.3%
9.6%
4.9%
25.7%
4.9%
0.0%
0.0%

100.0%

Weight

23.1%
51.3%
0.0%
0.0%
0.0%
25.6%

100.0%

Weight

18.6%
16.9%
18.4%
29.2%
0.0%
0.0%
0.0%
0.0%
16.9%

100.0%

Weight

4.7%
5.2%
4.8%
8.2%
4.3%
4.3%
4.3%
18.2%
4.8%
4.3%
30.0%
7.0%
0.0%
0.0%
0.0%

100.0%

Fig. 3 Impact of age cut-offs on bile leaks in patients undergoing laparoscopic cholecystectomy A > 65 years B >70 years C >75 years D >80 years
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