
1Satheeskaran M, et al. BMJ Open Gastroenterol 2023;10:e001162. doi:10.1136/bmjgast-2023-001162

Cost- effectiveness analysis of antibiotic 
prophylaxis versus no antibiotic 
prophylaxis for acute cholecystectomy

Maya Satheeskaran    , Aminah Hussan, Ailin Anto, Laure de Preux

To cite: Satheeskaran M, 
Hussan A, Anto A, et al. Cost- 
effectiveness analysis of 
antibiotic prophylaxis versus 
no antibiotic prophylaxis 
for acute cholecystectomy. 
BMJ Open Gastroenterol 
2023;10:e001162. doi:10.1136/
bmjgast-2023-001162

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ bmjgast- 2023- 
001162).

MS, AH and AA contributed 
equally.

MS, AH and AA are joint first 
authors.

Received 5 April 2023
Accepted 22 July 2023

Imperial College Business 
School, Imperial College 
London, London, UK

Correspondence to
Maya Satheeskaran;  
 ms10618@ ic. ac. uk

Biliary tract

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective For acute cholecystitis, the treatment of choice 
is laparoscopic cholecystectomy. In mild- to- moderate 
cases, the use of antibiotic prophylaxis for the prevention 
of postoperative infectious complications (POICs) 
lacks evidence regarding its cost- effectiveness when 
compared with no prophylaxis. In the context of rising 
antimicrobial resistance, there is a clear rationale for a 
cost- effectiveness analysis (CEA) to determine the most 
efficient use of National Health Service resources and 
antibiotic routine usage.
Design 16 of 226 patients (7.1%) in the single- dose 
prophylaxis group and 29 of 231 (12.6%) in the non- 
prophylaxis group developed POICs. A CEA was carried out 
using health outcome data from thePerioperative antibiotic 
prophylaxis in the treatment of acute cholecystitis 
(PEANUTS II) multicentre, randomised, open- label, 
non- inferiority, clinical trial. Costs were measured in 
monetary units using pound sterling, and effectiveness 
expressed as POICs avoided within the first 30 days after 
cholecystectomy.
Results This CEA produced an incremental cost- 
effectiveness ratio of −£792.70. This suggests a 
modest cost- effectiveness of antibiotic prophylaxis 
being marginally less costly and more effective than no 
prophylaxis. Three sensitivity analyses were executed 
considering full adherence to the antibiotic, POICs with 
increased complexity and break- point analysis suggesting 
caution in the recommendation of systematic use of 
antibiotic prophylaxis for the prevention of POICs.
Conclusion The results of this CEA point to greater 
consensus in UK- based guidelines surrounding the 
provision of antibiotic prophylaxis for mild- to- moderate 
cases of acute cholecystitis.

INTRODUCTION
The gallbladder is a small organ that sits 
beneath the liver. It contains bile, a diges-
tive liquid that aids in the digestion of fatty 
foods.1 Acute cholecystitis describes the 
sudden- onset inflammation of the gall-
bladder. Patients may present with pain, 
localised tenderness and a palpable mass in 
the right upper quadrant of their abdomen.2 
This condition commonly occurs following 
cholelithiasis (gallstones), which affects 
15% of the UK population.3 Gallstones can 
obstruct ducts within the gallbladder causing 

calculous cholecystitis which accounts for 
90%–95% of cases. The remaining 5%–10% 
of cases, termed acalculous cholecystitis, are 
not caused by gallstones.4

For acute calculous cholecystitis, the treat-
ment of choice is a laparoscopic cholecys-
tectomy (LC)—a minimally invasive surgical 
removal of the gallbladder.5 Over 50 000 LCs 
are performed every year in the UK, making 
it one of the most performed National 
Health Service (NHS) procedures.6 Among 
the complications of LCs are postoperative 
infectious complications (POICs), including 
surgical- site infections (SSIs).7 8

For severe acute cases, there is clear guid-
ance for the commencement of preoperative 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Guidelines recommending the use of antibiotic pro-
phylaxis in emergency cholecystectomy for cases of 
mild- to- moderate acute cholecystitis are based on 
low quality evidence.

 ⇒ Although the National Institute for Health and Care 
Excellence (NICE) recommend antibiotic prophylax-
is for all clean- contaminated procedures such as 
cholecystectomies, there are no data relating to its 
cost- effectiveness for cases of mild- to- moderate 
acute cholecystitis.

WHAT THIS STUDY ADDS
 ⇒ Findings from our cost- effectiveness study sug-
gest that antibiotic prophylaxis is modestly more 
cost- effective than no prophylaxis for emergency 
cholecystectomy.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The study’s findings are in line with recommenda-
tions by NICE.

 ⇒ However, with antimicrobial resistance declared 
by WHO as one of the top ten global public health 
threats, antibiotic stewardship is increasingly 
important.

 ⇒ The modest cost- effectiveness of antibiotic prophy-
laxis suggests that this recommendation should be 
interpreted with caution in the future.

copyright.
 on N

ovem
ber 1, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001162 on 10 A
ugust 2023. D

ow
nloaded from

 
copyright.

 on N
ovem

ber 1, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2023-001162 on 10 A

ugust 2023. D
ow

nloaded from
 

copyright.
 on N

ovem
ber 1, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001162 on 10 A
ugust 2023. D

ow
nloaded from

 
copyright.

 on N
ovem

ber 1, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2023-001162 on 10 A

ugust 2023. D
ow

nloaded from
 

copyright.
 on N

ovem
ber 1, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001162 on 10 A
ugust 2023. D

ow
nloaded from

 
copyright.

 on N
ovem

ber 1, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2023-001162 on 10 A

ugust 2023. D
ow

nloaded from
 

copyright.
 on N

ovem
ber 1, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001162 on 10 A
ugust 2023. D

ow
nloaded from

 
copyright.

 on N
ovem

ber 1, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2023-001162 on 10 A

ugust 2023. D
ow

nloaded from
 

copyright.
 on N

ovem
ber 1, 2023 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2023-001162 on 10 A
ugust 2023. D

ow
nloaded from

 
copyright.

 on N
ovem

ber 1, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2023-001162 on 10 A

ugust 2023. D
ow

nloaded from
 

http://orcid.org/0009-0002-9455-5826
http://dx.doi.org/10.1136/bmjgast-2023-001162
http://dx.doi.org/10.1136/bmjgast-2023-001162
http://dx.doi.org/10.1136/bmjgast-2023-001162
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgast-2023-001162&domain=pdf&date_stamp=2023-08-10
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/
http://bmjopengastro.bmj.com/


2 Satheeskaran M, et al. BMJ Open Gastroenterol 2023;10:e001162. doi:10.1136/bmjgast-2023-001162

Open access 

antibiotic therapy.2 However, UK- based guidelines are 
contradictory for mild- to- moderate cases of acute chole-
cystitis. The most recent National Institute for Health 
and Care Excellence (NICE) guidelines (2019) recom-
mend antibiotic prophylaxis in all clean- contaminated 
procedures, such as cholecystectomies.9 The Scottish 
Intercollegiate Guidelines Network does not explicitly 
recommend prophylaxis, stating that prophylaxis should 
be highly considered.10 Despite the lack of consensus, 
36% of surgeons prescribed antibiotic therapy before 
gallbladder surgery in 2014.11

Some UK surgeons follow international guidelines, 
such as Tokyo Guidelines 2018 and Surgical Infection 
Society Guidelines (2017),12 13 which favour antibiotic 
prophylaxis in the management of the American Society 
of Anesthesiologists (ASA) grade I and grade II (mild- 
to- moderate) acute cholecystitis. However, the evidence 
base for these recommendations is poor due to trials 
having small sample sizes14 and low adherence to these 
guidelines in Europe.15

The NHS Long Term Plan and UK government are 
promoting antibiotic stewardship,16 17 with a goal set 
for 15% reduction in human antibiotic use by 2024.17 
Unnecessary prescription of prophylactic antibiotics can 
lead to antimicrobial resistance (AMR), which costs the 
NHS approximately £180 million a year.18

The use of antibiotic prophylaxis for the prevention of 
POICs is not well informed due to the lack of definitive 
research regarding its effectiveness and cost data when 
compared with no prophylaxis. As a result, there is a clear 
rationale for this study as it will help to determine the 
most efficient use of NHS resources in an era of rising 
AMR.

The aim of this study was to conduct a cost- effectiveness 
analysis (CEA) of antibiotic prophylaxis versus no antibi-
otic prophylaxis in patients with mild- to- moderate acute 
calculous cholecystitis undergoing an emergency LC. 
The primary objective was to determine whether antibi-
otic prophylaxis is economically justifiable for the NHS.

Literature review
A systematic search of the literature was conducted on 
the following databases: Ovid MEDLINE, Embase and 
Scopus, on 8 February 2022. The following search string 
was implemented on all three databases (“antibiotic” OR 
“antimicrob* OR “prophyla*”) AND (“cholecystitis” OR 
“cholecystectomy”). The major international guidelines 
on antibiotic prophylaxis for acute cholecystitis, TG18,12 
are based off clinical trials and research before 2018. Due 
to the vast amount of research on this topic and to capture 
further advancements since the publication of TG18,12 
we chose to limit our search to articles published in 2018 
and onwards. We accepted randomised controlled trials 
(RCTs), non- randomised controlled trials, cohort studies 
and economic evaluations. The full inclusion and exclu-
sion criteria can be found in online supplemental table 
S1. Fourteen articles underwent full- text screening, from 
which three RCTs were selected to be included in this 

systematic review. Our search did not yield any economic 
evaluations or cohort studies of relevance. This review 
was conducted in line with Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses guidelines. 
A further scoping review was conducted to identify 
economic evaluations published prior to 2018, which 
yielded no eligible papers.

The TG18 guidelines concluded that antibiotic 
prophylaxis should be given to low- risk and medium- 
risk patients based on prior literature.12 Since then, two 
RCTs have concluded that prophylaxis is not necessary. 
First, Jaafar et al19 compared the effect of a prophylactic 
dose of 4 g piperacillin/tazobactam with no prophylaxis 
on POICs. Results showed no significant difference in 
incidence of POICs between the two groups. Second, the 
RCT by Guler et al20 aimed to investigate the effect of 1 g 
of perioperative intravenous cefazolin on POICs. They 
concluded that for low- risk LCs, antibiotic prophylaxis 
is not recommended due to there being no significant 
difference in incidence of POICs. However, limitations 
of this study include 11.2% of the population being ASA 
grade III (high- risk), and patients who received antibi-
otics during surgery for gallbladder perforation being 
included in the prophylaxis group. van Braak et al14 
investigated whether a single dose (2 g) of the antibiotic 
cefazolin given as a prophylactic would reduce POICs in 
the PEANUTS II trial.

Due to notable limitations in the study by Guler et 
al,20 as well as a much larger sample size and recency 
compared with Jaafar et al, the PEANUTS II trial by Braak 
et al14 was chosen as the basis for our CEA.

Although CEAs of antibiotic prophylaxis have been 
carried out for a vast range of surgeries,21 to date, no 
economic evaluations have been conducted in the 
context of an LC for mild- to- moderate acute cholecystitis. 
This study is the first to evaluate the cost- effectiveness of 
antibiotic prophylaxis for this procedure in the context 
of the British healthcare system. 

METHODS
Study design
This economic evaluation estimated the cost- effectiveness 
of antibiotic prophylaxis for patients undergoing LC 
secondary to acute mild- to- moderate cholecystitis using 
data from the PEANUTS II trial and NHS costing.

The PEANUTS II trial was a multicentre (five teaching 
hospitals, one academic hospital), randomised non- 
inferiority clinical trial based in the Netherlands. It 
involved 457 patients presenting with acute calculous 
cholecystitis for whom immediate cholecystectomy was 
indicated. Participants were randomised to a single- dose 
prophylaxis group (n=226) and no- prophylaxis group 
(n=231). With a non- inferiority margin of 10%, the trial 
concluded that omitting antibiotic prophylaxis was not 
recommended.

Costs were measured in monetary units, pound sterling, 
and effectiveness expressed in terms of POICs avoided 
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within the first 30 days after cholecystectomy. Considering 
there were no utility measures reported in the PEANUTS 
II trial, a cost- utility analysis, giving outcomes in terms of 
quality- adjusted life- years, was not chosen.

This analysis was conducted from the NHS perspec-
tive; the patient perspective was not considered. A 30- day 
time horizon was chosen to mirror the timeframe of the 
PEANUTS II trial.22 Outcomes beyond this were not 
reported in the trial data. This coincides with the 30- day 
surveillance period for gallbladder surgery given by 
guidelines adhered to in the UK, in addition to statistical 
evidence suggesting that the majority of SSIs are identi-
fied within 30 days after surgery.7 22

Application to British healthcare system
While outcomes for this economic analysis were obtained 
from a Dutch trial, they were applied to the UK perspec-
tive by factoring in similarities between the British and 
Dutch healthcare systems. Both the UK and the Nether-
lands have universal healthcare coverage, which ensures 
that all residents have access to essential medical care 
irrespective of their financial circumstances. The British 
public are automatically entitled to free healthcare 
through the NHS, which is mostly funded by general taxa-
tion.23 Likewise, all Dutch residents have basic healthcare 
coverage through statutory health insurance offered by 
private insurers, as mandated by the Health Insurance 
Act of 2006 (Zorgverzekeringswet).24 Private insurers are 
obligated to accept all applicants, and means- tested subsi-
dies (healthcare allowances) available from the govern-
ment help cover insurance premiums for low- income 
residents.25

Second, as is the case in the UK, the Dutch govern-
ment are responsible for setting healthcare priorities and 
monitoring access, quality and costs.25 The NHS and the 
Dutch healthcare system are united by their core prin-
ciples of providing consistently high- quality, accessible 
healthcare that is available to all, regardless of their back-
ground or financial limitations.26 27 In addition, both 
countries occupy top positions (second for the Nether-
lands; fourth for the UK) in overall healthcare system 
performance rankings when compared with other high- 
income countries.28

Description of the model
The main outcome of the study is the absence of POICs. 
A decision tree (figure 1) was constructed comparing 
the incidence of POICs in patients undergoing chole-
cystectomy with and without antibiotic prophylaxis. The 
parameter values were based on the reported proba-
bility of POICs obtained from the PEANUTS II trial. 
The estimated costs of treating these complications are 
summarised in online supplemental table S2. It was 
decided that intention- to- treat analysis data would be 
used to determine the effect of antibiotic prophylaxis on 
the incidence on POICs. In addition, it was assumed that 
each POIC extending from a decision node was mutually 
exclusive to another.

For the antibiotic prophylaxis arm of the tree, the inter-
vention was considered successful if the patient did not 
develop any POICs following cholecystectomy (n=226). 
POICs were stratified into SSIs: superficial wound infec-
tion, deep wound infection and organ/space infection; 
and distant infections: pneumonia, urinary tract infec-
tions and bacteraemia. For the non- prophylaxis arm, 
outcomes were deemed unsuccessful if patients devel-
oped POICs (n=231). The break down of complications 
is summarised in online supplemental table S3 which was 
obtained from the PEANUTS II trial.14

Despite non- infectious complications occurring more 
commonly than infectious complications, these were 
omitted from the decision tree since there was no statis-
tically significant difference observed between the anti-
biotic prophylaxis and non- prophylaxis groups. Prior 
literature has shown that antibiotic prophylaxis does 
not significantly impact the incidence of non- infectious 
complications, such as biloma and bile duct injury, 
following a cholecystectomy.29  

Moreover, death was not modelled as the PEANUTS 
II trial only reported one death due to severe sepsis 
(secondary to bile leakage), representing a mortality 
rate of 2 in 100 000 which was deemed negligible. This 
is reinforced by a recent systematic review and pooled 
analysis which found the mortality rate of an LC was 
0.08%–0.14% internationally.30

According to the trial, all POICs were treated success-
fully within the 30- day period of the study. Any adverse 
effects of antibiotic treatment were not accounted for 
due to their rare incidence, occurring only 0.39% of the 
time.31

Costs
Costs were obtained from British national sources: NHS 
2021/2022 National Tariff Payment System32 and British 
National Formulary (BNF).33 A comprehensive break-
down of costs can be found in online supplemental 
table S2. In the decision tree, cost values at decision 
nodes were generated by calculating weighted averages 
from endpoint nodes using probability values provided 
by the PEANUTS II trial. All the costs in this study were 
taken from 2022 databases and therefore did not require 
discounting.

Cholecystectomy
The cost of a cholecystectomy in this case comprised 
the cost of the surgical procedure in addition to a single 
outpatient follow- up appointment. NICE guidelines 
recommend that patients are to be seen in the outpatient 
setting 2 weeks postsurgery, so that they can be assessed 
for POICs.34

Surgical costs were exclusively accounted for by the 
NHS national tariff for an LC in adult patients with 
the lowest score for complexity and comorbidity. This 
was despite 1.97% of patients in the PEANUTS II trial 
undergoing open surgery, since the authors identified no 
association between mode of surgery and incidence of 
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POICs. National tariffs include factors, such as duration 
of hospital stay, cost of required staff, tests, procedures 
and medications into their total price.32 In this case, 
the ‘non- elective spell’ tariff was used to reflect patients 
undergoing an emergency procedure as reported in the 
trial.

Antibiotic prophylaxis
The PEANUTS II trial specified that antibiotic prophy-
laxis consisted of a single dose of 2 g cefazolin admin-
istered intravenously. This cost was estimated at £18.39 
according to BNF.

Complications
All six types of POICs have been assigned costs based 
on NHS national tariffs. Since UK guidelines do not 
outline specific management strategies for different 
types of SSIs, superficial and deep wound infections 
have been modelled in accordance with the healthcare 
resource group (HRG) codes,32 or tariff payments, that 
they are most closely correlated with. Organ/Space 
infection was modelled as intra- abdominal abscess given 
this condition most resembles the description provided 
by the PEANUTS II trial. In line with NICE guidelines 
and the trial, management of this condition consists of 

Figure 1 Decision tree showing incidence of postoperative infectious complications (POICs) in antibiotic prophylaxis group 
and no antibiotic prophylaxis group.
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percutaneous drainage and antibiotic therapy. Costs of 
medications were obtained from BNF. The sum of antibi-
otic therapy was added to the national tariff for percuta-
neous (single) drainage of abdominal abscess.

Considering patients in the PEANUTS II trial were 
mostly managed conservatively, or with antibiotics, the 
lowest complication and comorbidity (CC) scores were 
chosen from national tariffs to reflect the presumed low 
complexity of POICs in this study. Where relevant, tariffs 
stratified into ‘without intervention’ were selected over 
those with interventions. Since the trial did not report 
the duration of hospital stay for each POIC, a ‘best- case 
scenario’ approach was taken to mean all POICs were 
treated within the trim point (length of stay beyond 
which the excess bed day tariff applies) of their respective 
tariffs. Additionally, the lowest dose and shortest dura-
tion of antibiotics were taken where guidelines offered 
ranges.

Effectiveness
Effectiveness was represented by either POICs avoided 
per cholecystectomy performed or no incidence of POIC 
(equivalent to effectiveness of 1, and 0 otherwise). The 
probabilities of developing POICs were obtained from 
the PEANUTS II trial, which recorded the development 
of infectious complications within the 30 days following 
the cholecystectomy. This included complications devel-
oped during the inpatient stay as well as those reported 
after discharge via an outpatient appointment.

Discounting the effectiveness measure was not 
performed as the outcomes are independent of the time 
period in which they occur.

RESULTS
Cost outcomes
Patients in the antibiotic prophylaxis group accessed 
healthcare resources costing an estimated £4026.71, 
whereas expected costs for patients in the non- prophylaxis 
group were £4070.31. Therefore, this represents a cost- 
saving of £43.59 per patient on average.

Effectiveness outcomes
In terms of effectiveness, the chosen measure was the 
proportion of POICs averted. The effectiveness in the 
non- prophylaxis group was 87.4% of POICs averted, 
whereas in the intervention group, with antibiotic 
prophylaxis, it was 92.9%. Thus, the use of antibiotic 
prophylaxis represented on average a 5.5% reduction in 
the incidence of POICs after LC.

Cost-effectiveness
Antibiotic prophylaxis is proven to be more clinically 
effective and at a lower cost with our calculated incre-
mental cost- effectiveness ratio (ICER) of −£792.70. The 
generated ICER is portrayed on a cost- effectiveness plane 
diagram (figure 2).

Figure 2 Cost- effectiveness plane diagram. ICER0—original, ICER1—generated from sensitivity analysis 1, ICER2—
generated from sensitivity analysis 2. ICER, incremental cost- effectiveness ratio; POIC, postoperative infectious complication.
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ICER =
Cost

(
prophylaxis

)
−Cost

(
no−prophylaxis

)
Effectiveness

(
prophylaxis

)
−Effectiveness

(
no−prophylaxis

)

= 4026.71−4070.31
0.929−0.874 =$ − 792.70   

Since the antibiotic prophylaxis regimen represents 
the dominant strategy, it is unnecessary to source a 
willingness- to- pay threshold. Hence, monetary net 
benefit and health net benefit ratios were not calculated.

Sensitivity analyses
Three one- way sensitivity analyses were conducted to 
assess the robustness and influence of the assump-
tions made on the overall conclusions drawn from the 
PEANUTS II trial. The newly generated ICERs are also 
displayed on figure 2.

Sensitivity analysis 1
In the original CEA model, results from the intention- 
to- treat analysis (ITTA) of the study were used. The 
ITTA includes “all randomised patients in the groups 
to which they are randomly assigned (…) regardless of 
the treatment they actually received”.35 The attrition 
rate was relatively small and similar across both groups 
(9.7% and 9.1% in the prophylaxis and non- prophylaxis 
groups, respectively). This presumably underestimates 
the effect of antibiotic prophylaxis on POICs, but the 
majority school of thought agrees that it more closely 
represents the reality of clinical practice. Online supple-
mental appendix 1 provides further details on adherence 
to study protocol extracted from the PEANUTS II trial.

A sensitivity analysis was carried out using results from 
the per- protocol analysis (PPA), which reflects a reality 
where patients are fully compliant with protocol.36 Data 
from patients who did not receive the treatment they 
were originally allocated to were excluded from the 
interpretation of results. This identifies the cost- saving 
that can be entirely attributed to the effect of antibiotic 
prophylaxis on POICs. See online supplemental figure S1 
for the corresponding decision tree.

It is worth noting that the PPA introduces an attrition 
bias by excluding a subset of participants who deviated 
from protocol meaning the groups of patients being 
compared no longer have similar characteristics.

The generated ICER1 of −£1108.77 remains negative, 
suggesting that antibiotic prophylaxis is still cost- effective.

Sensitivity analysis 2
The second sensitivity analysis was conducted using the 
tariff prices of POICs with increased complexity. In the 
original model, costs of complications were calculated 
assuming a ‘best- case scenario’, whereby the lowest CC 
scoring HRG codes were used from the national tariffs. 
Nevertheless, this would rarely be the case in clinical 
practice.

Naturally, POICs in patients with additional compli-
cations or comorbidities (ie, complex) correspond to 
HRG codes with a higher CC score, and subsequently 
higher tariff. A single incremental rise in complexity 
of HRG codes was made for each of the POICs; except 

superficial wound infection, for which added complexity 
would become equivalent to deep wound infection given 
the assumption made in this study. For deep wound 
infections, a new HRG code was selected on the basis of 
patients undergoing a ‘single intervention’ to manage 
their more severe condition. See online supplemental 
table S4 for the cost break down of this sensitivity analysis, 
and online supplemental figure S2 for its corresponding 
decision tree.

This generated an ICER2 of −£1815.43 (as cost- saving 
increased to £145.23) suggesting once again that antibi-
otic prophylaxis is the superior regimen despite adjust-
ment for this uncertainty.

Sensitivity analysis 3
The third sensitivity analysis describes by how much the 
proportion of POICs averted must change to render 
antibiotic prophylaxis neither cost- effective nor cost- 
ineffective (ICER=0). The calculation demonstrates that 
the probability of POICs averted with antibiotic prophy-
laxis must decrease by 0.035 from 0.929 to 0.894 for 
ICER=0.

DISCUSSION
The PEANUTS II trial concluded that omitting antibiotic 
prophylaxis should not be recommended for patients 
with mild- to- moderate acute cholecystitis undergoing an 
LC. The results of this CEA demonstrate that antibiotic 
prophylaxis is the dominant strategy: both cost- saving, 
due to decreased consumption of healthcare resources, 
and more clinically effective in terms of reduced rate of 
POICs when compared with no prophylaxis. However, 
the differences are not large, suggesting caution in the 
generalisation of the results. The PEANUTS II trial data 
found no significant difference between the groups for 
individual POICs. The extensive sensitivity analyses in 
this study suggest that prophylaxis remains cost- effective 
despite changes in costs of POIC treatment. It should be 
noted that a modest change in effectiveness from 0.942 
to 0.894 would no longer support the routine use of 
prophylaxis for mild- to- moderate cases of acute cholecys-
titis. Therefore, there is a trade- off to be made. Antibi-
otic overprescription is known to result in the spread of 
AMR. AMR could take the form of an additional cost of 
£20 000 per patient episode in hospital due to increased 
severity of illness from infection with resistant bacteria.37 
It also results in increased hospital stay and mortality 
rate. LCs are one of the most performed abdominal 
surgical procedures in high- income countries, so offers 
a valuable opportunity to reduce unnecessary consump-
tion of antibiotics. Future cost- savings from omission of 
antibiotic prophylaxis may be much greater than those 
derived from reduction in POICs. Clinicians will face 
difficult decisions in the future regarding the provision 
of antibiotic prophylaxis.

There have been no CEAs of antibiotic prophylaxis 
versus no antibiotic prophylaxis for emergency LC from 
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an NHS perspective. The most comparable literature, 
conducted by Matsui et al,31 found that antibiotic prophy-
laxis for elective LC reduced postoperative medical 
costs and overall incidence of POIC. This is in line with 
our findings. However, the comparability to our CEA is 
limited. The study was conducted in Japan, which has 
a notably different healthcare system to that of the UK, 
and the study population were patients undergoing an 
elective LC, thus at significantly lower infection risk 
compared with patients in the PEANUTS II trial. There-
fore, one of the main strengths of this analysis is that it 
is the first economic evaluation of antibiotic prophylaxis 
for emergency cholecystectomy based on the results of a 
multicentre randomised clinical trial.

Online supplemental table S5 highlights the key 
assumptions made in this economic evaluation. The find-
ings of this analysis must be considered in the context 
of the following limitations. First, in some cases, specific 
POIC treatment pathways were unable to be matched 
to tariffs in the NHS tariff payment system. In these 
instances, costs were estimated with the closest matching 
HRG codes. This may have resulted in some bias in the 
final costs calculated per intervention. Second, the trial 
data did not include reported confidence intervals. This 
impacted our ability to develop a comprehensive sensi-
tivity analysis using upper and lower limits to manip-
ulate probabilities. Furthermore, according to ITTA 
data from the study, there was no statistically significant 
difference in the incidence of POICs between the groups 
(p=0.052), although prophylaxis remained cost- effective. 
This suggests that even small changes in sample size 
can strongly influence overall conclusions drawn from 
the trial. Third, while costs related to hospital stay and 
procedures performed were calculated, the chosen time 
horizon of 30 days may be too short. A meta- analysis 
concluded that 76% of readmission rates after chole-
cystectomies were due to postsurgical complications.38 
Patients who were not successfully treated for POICs 
and experienced further infectious complications which 
required readmission beyond the 30- day period, have not 
been included in this study. Fourth, we assumed the cost 
of treating the complications were mutually exclusive 
and did not benefit from economies of scale. Lastly, we 
were not able to account for AMR’s true impact over time 
on the prophylaxis efficacy.

The PEANUTS II trial was conducted in the Nether-
lands. Based on similarities between the Dutch health-
care system and the NHS, the outcomes of the PEANUTS 
II trial have been generalised to the UK population. 
Both healthcare systems are founded on the principles 
of fairness and equity, striving for access to care for all 
citizens.26 27 Although some patient characteristics are 
similar, such as life expectancy (82 for the Netherlands; 
81 for the UK), other factors can vary between the two 
countries.39 Higher proportions of the population are 
obese in the UK compared with the Netherlands (64% 
vs 47%).40 As obesity is a major risk factor for POICs, 
this may limit generalisability to the UK population.41 

Furthermore, the prescribed antibiotic regimen is 
dependent on disease severity and isolates observed in 
the local area. The PEANUTS II trial only accounts for 
a single dose of 2 g cefazolin. Thus, the findings may 
not be generalisable to other populations where alterna-
tive prophylactic doses may be in use. Finally, the costs 
reported in this study are derived from national sources 
in the UK, such as the NHS and BNF, and thus are limited 
to the NHS perspective. This limits the generalisability 
of the findings of this CEA to other healthcare systems, 
where patient demographics and access to care can vary 
greatly.

Conclusion
This economic evaluation suggests that single- dose anti-
biotic prophylaxis to reduce the incidence of POICs after 
emergency LC for mild- to- moderate acute cholecystitis is 
modestly more cost- effective than no prophylaxis. This 
is in line with current NICE guidelines. However, this 
recommendation may be subject to change in the future 
due to costs associated with the rising prevalence of AMR 
which have not been accounted for in this study.
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Table S1: Criteria for literature review  
 

Inclusion Exclusion 

Adult patients (18 years and 
above) 

 
Emergency/immediate 

laparoscopic cholecystectomy 
 

Preoperative antibiotic prophylaxis  
 

Postoperative infection or surgical 
site infection rate reported as an 

outcome measure  
 

Randomised controlled trials, non-
randomised controlled trials, 
cohort studies and economic 

evaluations 
 

Studies published in and after 
2018 

 
Patients with severe cholecystitis 

(> ASA grade II) 
 

Elective cholecystectomy  
 

No comparison between 
preoperative antibiotic 

prophylaxis and non-prophylaxis 
group 

 
No postoperative infectious 

outcomes reported 
 

Systematic reviews, meta-
analyses and editorials 

 
Non-English studies 
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Table S2: Costing Data 
 

Description Cost Reference Comment 

Non-elective 
laparoscopic 

cholecystectomy 

GBP 3804 NHS 2021/22 
Tariffs 

 

HRG code: 
GA10K 

 

Hepatobiliary and 
pancreatic surgery 

outpatient appointment 

GBP 115 NHS 2021/22 
Tariffs  

HRG code: 
WF01A 

Emergency 
cholecystectomy 

total 
 

GBP 3919 

 
 

  

Antibiotic 
prophylaxis  

GBP 
18.39 

BNF 2022 

 
Single-dose 
cefazolin 2g 
administered 
intravenously 

 

Complications 

Superficial wound  
infection cost  

 

GBP 796 NHS 2021/22 
Tariffs 

 

HRG code: 
WH07G 

Deep wound infection 
cost 

GBP 1234 NHS 2021/22 
Tariffs 

 

HRG code: 
WH07F 

 

Meropenem GBP 
235.20 

BNF 2022 1 g every 8 h: 12 
doses 

 

Metronidazole GBP 27.36 BNF 2022 500 mg every 12 h: 
8 doses 

 

Ampicillin GBP 
501.12 

BNF 2022 2g every 6 h: 16 
doses 

 

Percutaneous drainage GBP 772 NHS 2021/22 
Tariffs 

 

HRG code: 
YF04C 

 
 

Organ/Space 
infection cost total 

 

GBP 
1535.68 

 
 

 

Pneumonia cost  GBP 856 

 

NHS 2021/22 
Tariffs 

 

HRG code: 
DZ11V 

Urinary tract infection 
cost  

GBP 925 
 

NHS 2021/22 
Tariffs 

 

HRG code: 
LA04S 

Bacteraemia cost  GBP 2189 
 

NHS 2021/22 
Tariffs 

HRG code: 
WJ06J 
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Table S3: Postoperative infectious complications in intention-to-treat analysis from 
the PEANUTS II trial  
 
 

  Single-dose antibiotic 

prophylaxis (n=226) 

No antibiotic prophylaxis 

(n=231) 

Surgical-site infection 12 28 

Superficial wound infection 6 11 

Deep wound infection 0 3 

Organ or space infection 6 14 

Distant Infection 4 1 

Pneumonia 1 1 

Urinary tract infection 1 0 

Bacteraemia 2 0 

Total 16 29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 1: Description of the ‘adherence to study protocol’ extracted from the 
PEANUTS II study 
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“In 414 patients (90.6 per cent), the treatment received was accord- ing to the 
treatment allocation at randomization. In the prophylaxis group, 204 patients (90.3 
per cent) received antibiotic prophylaxis before surgery. Prophylaxis was not 
administered in 22 patients. In the no-prophylaxis group, the treatment allocation 
was adhered to in 210 patients (90.9 per cent). However, 21 patients did receive 
antibiotic prophylaxis, either unintentionally before incision (11 patients) or because 
of intraoperative observation of severe inflammation, gangrenous gallbladder, or 
necrotizing cholecystitis (10). Eleven patients, of whom four were allocated to the no-
prophylaxis group, received extended antibiotic treatment. In all patients, the 
indication for postoperative antibiotic treatment was peroperative findings suggestive 
of severe infection such as perforated gallbladder or empyema, or con- version to 
open cholecystectomy.” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure S1: Decision Tree for Sensitivity Analysis 1 
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Table S4: Sensitivity 2 Analysis Costings 
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Description Cost Reference Comment 

Superficial 
wound  

infection cost  
 

GBP 
796 

NHS 2021/22 
Tariffs 

 

HRG code: 
WH07G 

Deep wound 
infection cost 

GBP 
2852 

NHS 2021/22 
Tariffs 

 

HRG code: 
WH07D 

 

Meropenem GBP 
235.20 

BNF 2022 1 g every 8 

h: 12 doses 
 

Metronidazole GBP 
27.36 

BNF 2022 500 mg 

every 12 h: 
8 doses 

 

Ampicillin GBP 
501.12 

BNF 2022 2g every 6 
h: 16 doses 

 

Percutaneous 
drainage 

GBP 
1475 

NHS 2021/22 
Tariffs 

 

HRG code: 
YF04B 

 
 

Organ/Space 
infection cost 

total 
 

GBP 
2238.68 

 
 

 

Pneumonia cost  GBP 
2291 

 

NHS 2021/22 
Tariffs 

 

HRG code: 
DZ11U 

Urinary tract 
infection cost  

GBP 
1570 

 

NHS 2021/22 
Tariffs 

 

HRG code: 
LA04R 

Bacteraemia 
cost  

GBP 
3258 

 

NHS 2021/22 
Tariffs 

 

HRG code: 
WJ06H 

 

 

 

 

 

 
 
 
Figure S2: Decision Tree for Sensitivity Analysis 2 
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Table S5: Key Assumptions 
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Key Assumptions 

1) All cholecystectomies were modelled as laparoscopic cholecystectomies. 

2) When considering mild-to-moderate acute cholecystitis, the Dutch and UK 
populations exhibit similar characteristics. 

3) Modelling was based on the results from the intention-to-treat analysis of the 
PEANUTS II trial. 

4) The PEANUTS II only reported the number of complications as if they were 
mutually exclusive. We therefore assume that the cost of treating these 
complications is independent of other complications.  

5) Mortality and non-infectious complications were not modelled. 

6) The chosen HRG codes and antibiotic regimens represent the least complex 
form of disease for both treatments.  

7) All postoperative infectious complications were treated during an inpatient 
hospital stay and generally within the trim point given by their corresponding 
HRG code (from NHS national tariffs). The PEANUTS II trial reports a median 
length of stay of 1 day (range 0–45 days in prophylaxis group and 0–21 days in 
no-prophylaxis group).  
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