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Figure 1  Forest plots for the pooled prevalence (A) and mortality (B) of acute pancreatitis in 
patients with COVID-19.
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Prevalence and outcomes of 
acute pancreatitis in COVID-19: 
a meta-analysis

The study by Pandanaboyana et al1 showed 
that acute pancreatitis (AP) patients with 
COVID-19 had a significantly higher 
mortality than those without COVID-19. 
Nevertheless, a similar trend of mortality 
was found by another observational cohort 
study.2 The true prevalence and outcomes 
of AP in patients with COVID-19 are 
not known. The aim of this study was to 
conduct a meta-analysis to determine the 
pooled prevalence and clinical outcomes 
of AP in patients with COVID-19.

PubMed, Embase, Scopus and Cochrane 
library were searched for outcome studies 
of adult patients with AP and COVID-19 
published before 15 September 2021 
(online supplemental file 1). Excluded 
were studies that either did not use the 
revised Atlanta criteria for AP diagnosis 
or reported patients with COVID-19 
with a prior history of pancreatitis. 
Patients were divided into three groups: 
group I—AP with COVID-19, group 
II—AP without COVID-19 and group 
III—COVID-19 without AP. The primary 
endpoint was mortality (both in-hospital 
or 30-day). Secondary endpoints were 

pooled prevalence of AP and other clinical 
outcomes. The overall pooled prevalence 
and mortality were assessed for group I 
with a random-effects model and Freeman–
Tukey double arcsine transformation using 
R statistical software (V.4.1.0). Heteroge-
neity was assessed using the I2 statistic 
and Cochran Q test. Publication bias was 
assessed using the funnel plots and Egger’s 
test. Other analyses were performed using 
Review Manager (V.5.4).

Eleven studies were included (online 
supplemental file 1),1–11 of which six were 
multicentre and eight were retrospective. 
The pooled prevalence of AP in patients 
with COVID-19 was 3.1% (95% CI 1.6% 
to 5.1%, I2=98.3%; figure 1A) comprising 
183 with AP among 88 635 patients with 
COVID-19 in seven studies. The pooled 
mortality was 18.5% (95% CI 12.6% to 
25.1%, I2=40%; figure  1B) comprising 74 
patients out of 384 who had both AP and 
COVID-19 in 11 studies. The visual inspec-
tion of the funnel plot indicated relative 
symmetry (online supplemental file 1), and 
Egger’s test showed no evidence of significant 
publication bias for mortality (p=0.087).

Compared with AP patients without 
COVID-19 (group II), patients with AP and 
COVID-19 (group I) had a higher propor-
tion of males (five studies), unknown/
idiopathic aetiology (five studies), greater 
severity of AP (Bedside Index of Severity in 
Acute Pancreatitis (BISAP) in four studies), 
increased risk of pancreatic necrosis (four 
studies), ICU admission (three studies), 
persistent organ failure (two studies) and 
need for mechanical ventilation (two 
studies). The mortality of group I was 
increased compared with group II (five 
studies) and group III (four studies; table 1).
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Table 1  Associations between acute pancreatitis and COVID-19 by random-effects model

Subgroup
No of 
studies OR 95% CI P value I2 % PH

Group I vs group II

 � Demographics

  �  Male 5 1.51 1.18 to 1.94 0.001 0 0.80

  �  BISAP≥3 4 2.71 1.04 to 7.06 0.04 80 0.002

 � Comorbidities

  �  Hypertension 2 0.99 0.36 to 2.74 0.98 76 0.04

  �  Diabetes 2 1.23 0.72 to 2.09 0.45 0 0.80

 � Aetiology

  �  Alcohol 4 0.28 0.11 to 0.72 0.009 65 0.04

  �  Gallstone 5 0.74 0.54 to 1.02 0.06 20 0.29

  �  Unknown/idiopathic 5 3.36 1.43 to 7.90 0.006 82 0.0002

  �  Drug-induced 3 1.57 0.49 to 5.03 0.45 0 0.93

  �  Hyperlipidaemia 4 0.92 0.31 to 2.76 0.88 46 0.14

 � Morbidities

  �  Pancreatic necrosis 4 1.79 1.21 to 2.64 0.004 0 0.85

  �  Thromboembolic 
complications

2 1.30 0.48 to 3.53 0.60 0 0.43

  �  Persistent organ failure 2 7.37 3.48 to 15.60 <0.00001 33 0.22

  �  ICU admission 3 3.91 2.53 to 6.05 <0.00001 0 0.52

  �  Mechanical ventilation 2 7.52 3.23 to 17.49 <0.00001 0 0.33

 � Mortality 5 5.75 3.62 to 9.14 <0.00001 0 0.66

Group I vs group III

 � Male 3 1.74 1.09 to 2.80 0.02 0 0.45

 � ICU admission 2 3.80 0.95 to 15.18 0.06 77 0.04

 � Mortality 4 2.76 1.17 to 6.54 0.02 61 0.05

BISAP, Bedside Index of Severity in Acute Pancreatitis; ICU, intensive care unit.

This meta-analysis is the first systematic 
evaluation of the prevalence and outcome of 
AP in patients with COVID-19. Comparing 
AP patients with or without COVID-19 
is striking. The increased prevalence of 
unknown/idiopathic aetiology in patients 
with concomitant disease suggests that SARS-
CoV-2 might itself cause AP in some patients 
(possibly via a higher density of ACE2 recep-
tors). The overall pooled prevalence was low 
at 3.1%, but this might be an underestimate 
as two studies2 7 excluded patients that devel-
oped AP during hospitalisation. Sensitivity 
analysis with these two studies excluded 
showed that the pooled prevalence of AP was 
6.7%. Patients with AP and COVID-19 had 
a high pooled mortality (18.5%) and signifi-
cantly worse clinical outcomes. There was 
no significant difference in ICU admission 
rate between groups I and III who both had 
COVID-19 even though AP and COVID-19 
both cause systemic inflammatory response 
and multiple organ dysfunction.

This study does not necessarily represent 
the global situation, drawing data only from 
the USA, China and European countries. 
However, it clearly shows that patients with 
concomitant AP and COVID-19 have a high 
risk of adverse outcomes and almost a 20% 
chance of dying. This study is limited by the 

small number of included studies, the low 
event rate and high heterogeneity due to 
differences in study design and methodology. 
However, this is the best available data and 
the meta-analysis can be updated after publi-
cation of more prospective studies.
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Table 1  Number of patients with fibrosis stage F0–2, F3 and F4 according to LSM cut-offs 
recommended by the Baveno 6 consensus (10 and 15 kPa) and our previous paper (8 and 20, and 
8 and 28 kPa)

LSM <10 kPa LSM≥10 and < 15 kPa LSM≥15 kPa

F0–2 3135 508 192

F3 420 372 292

F4 53 140 377

 �  LSM <8 kPa LSM≥8 and <20 kPa LSM≥20 kPa

F0–2 2591 1174 70

F3 213 701 170

F4 18 260 292

 �  LSM <8 kPa LSM≥8 and <28 kPa LSM≥28 kPa

F0–2 2591 1218 26

F3 213 819 52

F4 18 399 153

LSM, liver stiffness measurement.

Table 2  Number of patients with laboratory features of cirrhosis according to histological and 
liver stiffness-based classification

n=1657 LSM≥15 kPa LSM≥20 kPa LSM≥28 kPa

Plt <150×109/L F4 47 44 25

F0-3 19 9 2

Plt <150×109/L and
Albumin <35 g/L

F4 8 7 6

F0-3 1 1 1

Plt <150×109/L and
Albumin <35 g/L and
INR >1.2

F4 5 5 4

F0-3 1 1 1

INR, international normalised ratio; LSM, liver stiffness measurement; Plt, platelet count.
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Reply to: Non-invasive tests 
and advanced chronic liver 
disease in NAFLD: two steps 
forward and one step back?

We appreciate the interest in our study 
by Majumdar and Tsochatzis1 and 
welcome the opportunity to provide some 
clarifications.

The literature to date has examined 
non-invasive test (NIT) algorithms to 
rule-in and rule-out advanced fibrosis 
(AF). The main use of such algorithms is 
to identify those at low risk of AF who can 
be managed in primary care. We propose 
an algorithm2 where the rule-out cut-offs 
remain optimised for AF, whereas the 
rule-in cut-offs are optimised for cirrhosis. 
The false-negative (FN) rate of 10% in 
our proposed algorithm refers to the FN 
rate for AF and not cirrhosis as Majumdar 
and Tsochatzis state in their letter.1 Only 
18/570 (3%) of patients with cirrhosis 
are missed using our proposed algorithm 
(table 1).

We also argue2 that patients with NITs 
above the rule-in cut-off for AF should 
undergo liver biopsy to identify those 
with cirrhosis who should undergo 
screening for hepatocellular cancer 
(HCC) with 6-monthly ultrasound scans. 
Our data consist mostly of cases that have 
undergone liver biopsies to stage fibrosis 
and do not include patients with overt 
features for cirrhosis, as these patients 
do not usually undergo liver biopsy. 
While we do not have radiology data, 
liver surface nodularity is not specific to 
liver cirrhosis, but can be seen in earlier 
stages of disease.3 Our data show that 
among the few patients with laboratory 
parameters suggestive of cirrhosis (platelet 
count  <150×109 /L, albumin  <35 g/L 
and international normalised ratio 
(INR) >1.2) most fall above the liver stiff-
ness measurement (LSM) cut-off of 20 kPa 
(table  2). Therefore, laboratory features 
are not helpful in diagnosing cirrhosis in 
those with LSM <20 kPa.

Majumdar and Tsochatzis1 suggest that 
the LSM cut-off of 15 kPa recommended 
by Baveno VI4 could identify those with 
compensated advanced chronic liver 
disease (cACLD). However, it is not clear 
how patients with LSM ≥15 kPa should be 

managed with regard to HCC surveillance. 
Based on our data, if those with LSM ≥15 
kPa are entered into HCC surveillance, 
only 44% will have cirrhosis, while nearly a 
quarter will have F0–2 fibrosis (table 1). We 
are not aware of any data supporting HCC 
surveillance in those with LSM  ≥15 kPa, 
and Baveno VI4 makes no recommendations 
on whether these patients should undergo 
screening for HCC. Furthermore, screening 
is generally cost-effective if the annual risk of 
HCC is  ≥1% and currently recommended 
only in those with Non-Alcoholic Fatty Liver 
Disease and cirrhosis.5 The risk of HCC 
is  <1% in those with LSM <18 kPa,6 while 
the presence of cirrhosis rather than high 
NITs is the main driver of the HCC risk.7 
We therefore believe that screening patients 
with LSM ≥15 kPa for HCC without further 
disease staging is not justified.

With regard to risk stratification for 
oesophageal varices, the LSM cut-off of 
20 kPa recommended by Baveno VI4 is 
only useful as a screening tool with a high 
negative predictive value that decreases 
the number of unnecessary endoscopies 
done to identify varices needing treatment 
(VNT). This cut-off has not been validated 
as a diagnostic tool that could replace endos-
copy. The positive predictive value of the 
Baveno VI criteria for VNT was only 0.18 
in one study.8 The patients ruled in as having 
cirrhosis by the 20 kPa cut-off would there-
fore still need to undergo endoscopy to iden-
tify the minority with VNT.

In conclusion, diagnosis of liver 
cirrhosis is still important to determine 
the need for HCC screening. Previously 
proposed NIT cut-offs are optimised for 
AF or cACLD on biopsy and not on HCC 
risk. Long-term outcome data to deter-
mine NIT cut-offs that incur a 1% annual 
risk of HCC are needed before we know 
which patients will benefit from HCC 
surveillance without a histological diag-
nosis of cirrhosis.

Michael Pavlides ‍ ‍ ,1,2,3 Ferenc E. Mózes ‍ ‍ ,1 
Stephen A. Harrison1
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