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Abstract 

Background  Recent studies suggest that low-molecular-weight heparin (LMWH) may play a role in mitigating 
the severity of acute pancreatitis (AP). This systematic review and meta-analysis aims to synthesise existing evidence 
on the effectiveness and safety of LMWH in the treatment of moderately-severe and severe AP.

Methods  This systematic review and meta-analysis was conducted in accordance with the 2020 update 
of the PRISMA guidelines and the Cochrane Handbook for Systematic Reviews of Interventions. The systematic search 
was conducted in MEDLINE, the Cochrane Central Register of Controlled Trials, Scopus, and EMBASE, covering studies 
published up to February 2024. Randomised controlled trials (RCTs) and observational studies (n-RCTs) that reported 
the differences in the outcomes of AP for patients receiving LMWH in addition to the standard treatment (Interven-
tion), compared to patients managed by standard treatment without LMWH (Control) were eligible. A random-effects 
model was used to calculate the pooled relative risk (RR) and mean differences (MD) with the corresponding 95% CI.

Results  Thirteen studies were included in the meta-analysis, all published between 2004 and 2022. Eight studies 
were RCTs, and five were n-RCTs. Data from 13,709 patients (6.971 Interventions and 6.738 Controls) were analysed. 
The comparison of Intervention and Control groups showed the superiority of LMWH to standard treatments in terms 
of overall mortality (RR = 0.44, 95% CI = 0.31; 0.64, P < 0.0001, I2 = 51%), acute necrotic collections (RR = 0.24, 95% 
CI = 0.09; 0.62, P = 0.003, I2 = 0%), and organ failure (RR = 0.67, 95% CI = 0.48; 0.93, P = 0.02, I2 = 78%). The Intervention 
group showed superior outcomes compared with the Control group for gastrointestinal bleeding (RR = 0.64, 95% 
CI = 0.44; 0.94, P = 0.02, I2 = 0%), length of hospital stay (MD= − 6.08, 95% CI = − 10.08; − 2.07, P = 0.003, I2 = 98%), need 
for operative interventions (RR = 0.50, 95% CI = 0.29; 0.87, P = 0.01, I2 = 61%), and vascular thrombosis (RR = 0.43, 95% 
CI = 0.31; 0.61, P < 0.00001, I2 = 0%).

Conclusions  Moderate to high-quality evidence suggests that early intervention with LMWH could improve 
the prognosis of non-mild AP in terms of mortality, organ failure, and decreased incidence of vascular thrombosis. In 
light of our findings, integrating LMWH into the treatment regimen for moderate-severe to severe AP is advocated.
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Background
Acute pancreatitis (AP) is a leading gastrointestinal cause 
of hospital admission, with an incidence ranging from 13 
to 45 cases per 100.000 inhabitants/year [1]. The aetiol-
ogy of AP is multifactorial, with gallstones and alcohol 
use being the most common causes [2]. AP encompasses 
a large spectrum of pancreatic inflammation that pre-
sents with varying degrees of severity, ranging from mild, 
self-limiting episodes to severe, life-threatening illness [3, 
4]. Mortality in the early phase of AP is mainly attributed 
to multiorgan failure, whereas in the late phase, it is often 
caused by septic complications. In managing AP, sup-
portive care with interventions such as fluid resuscita-
tion, pain relief, and early nutritional support represents 
the cornerstone [5]. However, the role of pharmacologi-
cal interventions in modifying the course of the disease 
and preventing complications remains an area of ongoing 
research.

Disturbances in pancreatic microcirculation resulting 
from the inflammatory cascade have been recognised 
as the primary factor in the development of AP, causing 
hypoxia and subsequent necrosis of the organ and affect-
ing the course of the disease. This is probably related to 
the dysfunction of the balance between pro-inflamma-
tory and anti-inflammatory responses. After prema-
ture pancreatic protease activation and extravasation of 
these activated digestive enzymes into the pancreas and 
peripancreatic tissues, cytokines and other inflamma-
tory mediators are produced and released with excessive 
leukocyte activation. Pro-inflammatory cytokines, such 
as tumour necrosis factor (TNF)-α, interleukin (IL)-1β, 
IL-6, and IL-8, increase the capillary permeability with 
fluid loss, aggravating pancreatic injury. TNF-α damages 
the acinar cells and is probably responsible for pancreatic 
necrosis and damage to other organs, such as the lungs, 
liver, intestine, and spleen. Endothelin-1 (ET-1), nitric 
oxide, and other radicals damage the vascular endothe-
lium, leading to microcirculatory disturbance and organ 
dysfunction. On the other hand, anti-inflammatory 
cytokines, such as IL-10, cause immunosuppression, 
and their excess levels may increase the rate of infectious 
complications in the later stages of severe disease [6, 7].

The role of coagulopathy in AP progression is evi-
dent. Extravasation of activated digestive enzymes from 
injured pancreatic acinar cells causes local vascular epi-
thelial cell injury, tissue factor exposure, platelet activa-
tion, and coagulation cascade activation. The coagulation 
pathway is additionally activated by its close interplay 

with pro-inflammatory cytokines, which leads to micro 
and macro-thromboses. Pancreatic tissue oedema, 
increased pancreatic shunt, and systemic volume deple-
tion further compromise the microcirculation, leading to 
reduced pancreatic perfusion, tissue necrosis, multiorgan 
failure, and death.

Recent studies suggest that low-molecular-weight hep-
arin (LMWH) may play a role in mitigating the severity 
of AP, potentially by improving microcirculatory dis-
turbances and reducing the incidence of necrosis and 
other complications, including vascular thrombosis [8]. 
Moreover, LMWH can decrease TNF-α production and 
block the initiation of inflammatory storms [9]. How-
ever, because patients with severe AP are perceived to 
be at increased risk of haemorrhage due to the nature 
of pancreatic/peripancreatic necrosis, anticoagulation 
has traditionally been very cautiously implemented and 
not recommended in current clinical guidelines [5, 10–
12]. To date, sparse randomised controlled trials (RCTs) 
revealed decreased major complication rates after adding 
LMWH therapy to the standard of care for the manage-
ment of moderately-severe and severe AP. Moreover, four 
meta-analyses that evaluated the effectiveness and safety 
of anticoagulants in severe AP confirmed that it can sig-
nificantly improve disease prognosis. However, these 
meta-analyses were limited by relevant methodological 
issues [9, 13–15].

This systematic review and meta-analysis aims to syn-
thesise existing evidence on the effectiveness and safety 
of adding LMWH in the treatment of moderately-severe 
and severe AP, providing clarity on its therapeutic value 
on disease progression, prevention of mortality, pancre-
atic necrosis, local and systemic complications and need 
for interventions, and guiding future clinical practice and 
research.

Materials and methods
This study was conducted and presented in accord-
ance with the recommendations of the 2020 update of 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [16], the 
Meta-analysis of Observational Studies in Epidemiol-
ogy (MOOSE) guidelines [17], the Cochrane Handbook 
for Systematic Reviews of Interventions guidelines [18], 
and the AMSTAR II (A Measurement Tool to Assess 
systematic Reviews) criteria [19]. Two reviewers (M.P. 
and V.M.) independently conducted all stages of study 
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identification, selection, quality assessment, and data 
extraction.

The review question, inclusion criteria, search strategy, 
outcomes, methods of the analysis, plan to investigate 
sources of heterogeneity and risk of bias assessment were 
established in advance and documented in the study pro-
tocol (PROSPERO CRD42024509850).

Definition of the PICO question
Patient/Problem, Intervention, Comparison, Outcome 
and Study design (PICOS) structure was implemented 
for the systematic review and meta-analysis.

Patient/problem
Studies involving patients diagnosed with moderately-
severe and severe AP were included. AP diagnosis was 
based on clinical criteria, including abdominal pain, 
serum amylase, and/or lipase levels greater than three 
times the normal upper limit, and/or imaging findings 
consistent with AP [20]. Studies focusing on pregnant 
women or specific subgroups with conditions that sig-
nificantly alter the natural course of AP (e.g., immuno-
compromised patients) were excluded. Studies examining 
chronic pancreatitis, as well as hypertriglyceridemia-
induced AP in more than 30% of the population study, 
were excluded. Studies that did not specifically evaluate 
the role of LMWH or where LMWH was not a primary 
intervention being studied were excluded.

Intervention/exposure
Included studies must explicitly report using LMWH as 
a treatment modality in patients with AP. The dosage, 
frequency, and duration of LMWH treatment were speci-
fied or inferable. Both prophylactic and therapeutic uses 
of LMWH in the context of AP were considered. Studies 
evaluating LMWH in combination with other standard 
treatments for AP were included, provided the effect of 
LMWH could be isolated or analysed separately. Studies 
where LMWH was used for indications other than AP 
(such as solely for thromboprophylaxis in hospitalised 
patients) without consideration of its role in AP, were 
excluded. Similarly, studies where LMWH were used to 
treat splanchnic vein thrombosis (SVT) in the context 
of AP were excluded. Studies that did not differentiate 
the outcomes of LMWH treatment from other interven-
tions used concurrently, making it impossible to attribute 
effects specifically to LMWH, were excluded.

Comparator/control
Comparison studies must include a control group 
receiving standard treatment for AP without the addi-
tion of LMWH. Standard treatment strategies for AP 
may include resuscitation, intravenous fluids, pain 

management, nutritional support, and monitoring for 
complications. The standard treatment regimen should 
clearly describe or refer to established clinical guidelines 
to compare care practices across different studies. Stud-
ies without a clearly defined control group receiving 
standard care for AP and studies where the control group 
received an intervention that significantly deviates from 
established clinical guidelines for AP without justification 
were excluded.

Types of studies included
Eligible studies were RCTs, non-randomised controlled 
trials (prospective and retrospective cohort studies, and 
case-control studies) (n-RCTs) of patients with mod-
erately-severe and severe AP in which the intervention 
group receiving LMWH treatment in adjunct to conven-
tional treatment was compared with controls receiving 
conventional treatment. Animal studies, case reports, 
case series, editorials, opinion pieces, narrative and sys-
tematic reviews, and meta-analyses were excluded.

Study identification
MEDLINE (via PubMed), the Cochrane Central Regis-
ter of Controlled Trials, Scopus, and EMBASE were sys-
tematically searched for any relevant clinical study. The 
search covered studies published from the inception of 
each database up to February 2024. The search strategy 
combined text words and MeSH terms related to prophy-
lactic LMWH (Intervention) versus standard treatment 
(Control) for moderately severe and severe AP: [pancrea-
titis, acute pancreatitis, antithrombotic, antithrombotics, 
prevention, control, prophylaxis, prophylaxies, heparin, 
thromboprophylaxis]. The complete search strategy is 
available in Supplementary Table 1 and is freely accessi-
ble in the protocol. Reference lists of included studies and 
relevant reviews were manually searched. The ‘’related 
articles’’ function in PubMed was used to identify any 
additional studies not captured by the electronic data-
base searches. Grey literature searches were conducted in 
ClinicalTrials.gov, Google Scholar, and Open Grey.

Study screening and selection
All stages of study identification, selection, quality assess-
ment, and data extraction were carried out indepen-
dently by two reviewers (M.P. and V.M.). Inconsistencies 
were resolved by discussion between the two reviewers 
until a consensus was reached or based on an independ-
ent assessment by a third reviewer (P.M.).

The reviewers identified studies by reviewing the titles 
and abstracts, followed by a full-text review using the 
Rayyan web app for systematic reviews (https://​www.​
rayyan.​ai/). Only studies that reported at least one of the 
primary or secondary outcomes were included. Where 

https://www.rayyan.ai/
https://www.rayyan.ai/
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there was an overlap in patient cohorts of two or more 
studies, and no difference in study interval was reported, 
the most recent report was included in the pooled analy-
sis. A PRISMA 2020 flow diagram was used to document 
the screening and selection process, detailing the num-
ber of records identified, screened, assessed for eligibility, 
and included in the review, with reasons for exclusions at 
each stage.

Risk of bias assessment
Two authors (M.P. and V.M.) independently assessed the 
risk of bias using the Cochrane Risk of Bias 2.0 (RoB 2) 
tool [21] and assessed the risk of bias in observational 
studies using the Risk of Bias in Non-Randomised Stud-
ies of Intervention (ROBINS-I) tool [22]. The RoB 2 tool 
evaluated bias across five domains: bias arising from 
the randomisation process, bias due to deviations from 
intended interventions, bias due to missing outcome 
data, bias in the measurement of the outcome, and bias 
in the selection of the reported result. The ROBINS-I 
tool assessed bias across seven domains: bias due to con-
founding, bias in the selection of participants, bias in 
the classification of interventions, bias due to deviations 
from intended interventions, bias due to missing data, 
bias in the measurement of outcomes, and bias in the 
selection of the reported result. Each domain within the 
tools was judged as “low risk”, “some concerns”, or “high 
risk” of bias, according to the guidelines provided by the 
respective assessment tool.

Quality of evidence assessment
Using the Grading of Recommendations, Assessment, 
Development, and Evaluations (GRADE) approach, two 
authors (M.P. and V.M.) independently evaluated the 
quality of evidence for imprecision, inconsistency, indi-
rectness, and publication bias and classified the quality 
of evidence as very low, low, moderate, or high [23]. A 
summary table of their findings using GRADEpro version 
3.6.1 software (https://​www.​grade​pro.​org/) was created.

Study outcomes
Primary outcomes
The primary outcomes for this systematic review and 
meta-analysis were selected to evaluate the effective-
ness and safety of LMWH and determine the clinical 
relevance of LMWH as a therapeutic intervention in the 
treatment of AP. The following pre-specified primary 
outcomes were reviewed:

•	 Mortality rate This was measured as the number of 
deaths directly attributed to AP among the study 
population, reported during the in-hospital stay.

•	 The severity of acute pancreatitis evolution The sever-
ity was assessed through clinical outcomes, including 
shock, pancreatic necrosis, and organ failure. Meas-
urements taken during hospitalisation were included.

Secondary outcomes
Secondary outcome measures were evaluated to assess 
other potential benefits and drawbacks of prophylactic 
LMWH administration:

•	 Physiological assessment and recovery of func-
tions Cured illness, APACHE II score, need for ICU 
admission, ICU duration, time to symptomatic relief 
and intestinal recovery time, assessed during the 
acute phase of the illness and at discharge.

•	 Complications Systemic inflammatory response syn-
drome (SIRS), local complications (e.g., necrosis, 
pseudocyst, abscess).

•	 Length of hospital stay The total number of days from 
admission to hospital discharge.

•	 Evolution parameters Need for operative treatments, 
CTSI score, necrosis score, and Balthazar score at 
follow-up during hospital stay throughout the course 
of LMWH.

•	 Adverse events Any adverse events, including bleed-
ing complications, vascular thrombosis, and heparin-
induced thrombocytopenia. Adverse events were 
assessed throughout the course of LMWH treatment 
and at the follow-up period.

Data extraction
A double-blinded procedure was undertaken to increase 
the accuracy of the data extracted, and a predefined 
spreadsheet (Excel®, 2022; Microsoft, Redmond, Wash-
ington, USA) was used for data extraction. Data were 
independently extracted by two reviewers (M.P. and 
V.M.), and any discrepancies were resolved through con-
sultation with a third reviewer (P.M.). For each study, the 
following informations were recorded:

•	 Study characteristics  Author(s), year of publication, 
country, study design, sample size, and setting.

•	 Participant details  Age, sex, severity of AP, baseline 
characteristics.

•	 Interventions Type, dose, duration, and frequency of 
LMWH used; details of standard care in the compar-
ator group.

•	 Outcomes Data on primary and secondary outcomes, 
as specified, including measurement methods and 
timing of assessments.

https://www.gradepro.org/
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•	 Risk of bias Information relevant to assessing the risk 
of bias in each study.

Statistical analysis
Extracted data were tabulated and summarised, and 
meta-analyses were conducted for outcomes where 
data from two or more studies could be combined. 
All statistical analyses were performed using Review-
Manager version 5.4.1 software and the RevMan Web 
(https://​revman.​cochr​ane.​org/​info). When continuous 
data were reported as the median and range, Hozo’s 
method was implemented to estimate the respective 
mean and standard deviation [24]. Besides the results 
for statistical heterogeneity, clinical and methodologi-
cal heterogeneities were reviewed. Given the intrin-
sic heterogeneity of interventions, populations, study 
designs, methods, and statistical heterogeneity, the 
random-effects model was exclusively applied for the 
meta-analysis. Statistical heterogeneity of the results 
across studies was assessed using the Higgins’ I2 and 
chi-square tests. A P value of the Chi-square test less 
than 0.10 with an I2 value greater than 50% indicated 
substantial heterogeneity.

The measure of effect for dichotomous outcomes was 
the relative risk (RR) with 95% confidence intervals 
(CIs). The mean difference (MD) or standardised mean 
difference (SMD), where indicated, with 95% CIs, was 
used for continuous outcomes. A P value < 0.05 was 
considered statistically significant.

Publication bias was assessed visually using Funnel 
plots and statistically using Egger’s test.

Sensitivity analyses and analyses of subgroups
Sources of heterogeneity were explored through sub-
group analyses for LMWH different doses (prophy-
lactic vs. therapeutic), LMWH duration (< 8 days vs. 
8–14 days) and AP severity (moderately-severe vs. 
severe). To assess the robustness of the findings, sen-
sitivity analyses of clinically relevant outcomes using 
the leave-one-out method depending on the weight of 
each study included in the pooled analysis and based on 
the qualitative evaluation of the included studies were 
performed.

Results
Based on the search strategy and inclusion criteria, a 
total of 1.162 references were identified through data-
base searching. After excluding 477 duplicates, 685 
records were identified. Grey literature review did not 
add any further records. Another 458 articles were fur-
ther excluded due to violation of eligibility criteria. The 
selection process led to 227 articles eligible for full-text 

reading. Following exclusions (n = 216), reported in 
Fig. 1, and the adjunct of two studies identified by cita-
tion searching, 13 studies were considered eligible for 
quantitative synthesis, all published between 2004 and 
2022 [25–37]. The inter-rater reliability for reviewers 
had a k value exceeding 0.90.

Study characteristics
Eight studies were RCTs [25, 26, 30–35], and five were 
prospective or retrospective n-RCTs [27–29, 36, 37]. All 
studies together analysed data from 13,709 patients (6971 
who received LMWH in the Intervention group and 6738 
who received standard treatment in the Control group). 
Limiting the analysis to RCTs, 670 patients were allocated 
to the Intervention group and 670 to the Control group. 
The study characteristics are summarised in Table  1, 
while the baseline characteristics of the patients included 
in the systematic review and meta-analysis are reported 
in Supplementary Table 2. Two studies were conducted in 
India [25, 26], two in the United States [27, 28], six stud-
ies in China [29–34], one in Turkey [35], whereas for two 
studies, presented as conference abstracts, no country of 
origin was identified [36, 37]. Two studies [32, 33] were 
conducted on the same population of patients. However, 
the reviewers included both in the pooled analysis as dif-
ferent outcomes were analysed. All records analysed the 
outcomes of prophylactic LMWH compared with stand-
ard treatment without LMWH in patients with moder-
ately-severe and severe AP from biliary origin, alcohol, 
idiopathic or other causes. One study [30] included 560 
children who satisfied the diagnostic and classificatory 
criteria for AP. Sensitivity analyses were performed to 
assess the impact of this study on the final results.

Five studies focused on patients with severe AP [26, 
30, 31, 33, 37], whereas three studies included patients 
with both moderately-severe and severe AP [25, 35, 
36]. Zhou et  al. [29] included patients with pancreatic 
necrosis without further indications of the stage of AP. 
For three studies, the AP stage was not specified [27, 28, 
34]. Considerable heterogeneity among included stud-
ies concerning diagnostic criteria for moderately-severe 
and severe AP was found. Marked heterogeneity was also 
demonstrated in the dose and length of LMWH admin-
istration and outcomes evaluated. Overall, similar exclu-
sion criteria were found, except for Han et al. [30], whose 
analysis was limited to children. The presence of chronic 
pancreatitis represented exclusion criteria in the study by 
Patil et al. [25] and Tozlu et al. [35]. Hypersensitivity to 
LMWH, pregnancy, lactating and coagulation disorders 
and end-stage chronic disease with Charlson’s Comor-
bidity Index ≥ five were listed as exclusion criteria in all 
the included studies. Type, dosage and length of LMWH 
treatment varied within the included studies, ranging 

https://revman.cochrane.org/info
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from standard prophylactic regimens (1  mg/kg body 
weight LMWH subcutaneously, 12 hourly for seven days) 
to routine continuous, systematic anticoagulation with a 
therapeutic dose of LMWH (2 mg/Kg per day, or 40 mg/
per day) (Table 1).

Risk of bias
Figures 2 and 3 present the risk of bias analysis. Regard-
ing the RCTs, outcomes might have been influenced by 
bias arising from the randomisation process, as methods 
of patient allocation showed substantial variability and 
some concerns in the majority of included trials, devia-
tions from intended interventions [31, 32, 34], missing 
outcome data [32, 34], measurement of the outcome [26, 
34, 35], and selection of the reported results [26, 32]. 
Overall, only one RCT was considered at low risk of bias 
[25]. In contrast, three studies [30, 32, 35] and four stud-
ies [26, 31, 32, 34] were considered to have some con-
cerns and at high risk of bias, respectively. Among the 
five n-RCTs, two were considered at moderate risk of bias 
[27, 29] and one at serious risk of bias [28]. For two stud-
ies [36, 37], no information was available to determine 
the risk of bias. Graphically, potential publication bias 

was not present for mortality, occurrence of organ fail-
ure, and need for any operative intervention during treat-
ment. Funnel plots are available in Supplementary Fig. 1.

Baseline patient characteristics
Patients in the Intervention and Control groups did not 
significantly differ in terms of baseline characteristics 
regarding sex, age, aPTT, Balthazar score, Charlson’s 
comorbidity index, Computed Tomography Severity 
Index (CTSI), platelet count, serum amylase, and serum 
bilirubin. Conversely, albumin (SMD = 0.47, 95% 
CI = 0.21; 0.73, P = 0.0004, I2 = 0%) and APACHE II score 
(MD = 0.08, 95% CI = 0.05; 0.12, P < 0.00001, I2 = 0%) were 
higher in the Intervention group. PT time (MD= − 0.09, 
95% CI = − 0.15; − 0.03, P = 0.002, I2 = 0%) was longer in 
the Control group (Supplementary Fig. 2, Supplementary 
Table 3, Supplementary Table 4).

Analysis of the primary outcomes
The comparison of Intervention and Control groups 
showed the superiority of LMWH to standard treatments 
in terms of overall mortality (11 studies, 13.320 patients; 
RR = 0.44, 95% CI = 0.31; 0.64, P < 0.0001, I2 = 51%, Test 

Fig. 1  Flow chart of the study selection process according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines 
(PRISMA 2020)
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for subgroup differences P < 0.0001, I2 = 93.5%), mortal-
ity in severe AP (3 studies, 456 patients; RR = 0.33, 95% 
CI = 0.20; 0.54, P < 0.00001, I2 = 0%, Test for subgroup 
differences P = 0.94, I2 = 0%), acute necrotic collections 
(2 studies; 240 patients; RR = 0.24, 95% CI = 0.09; 0.62, 
P = 0.003, I2 = 0%), CTSI (5 studies, 1165 patients; MD 
= − 1.38, 95% CI= − 2.26; − 0.50, P = 0.002, I2 = 93%), 
organ failure (8 studies, 13,124 patients; RR = 0.67, 95% 
CI = 0.48; 0.93, P = 0.02, I2 = 78%, Test for subgroup dif-
ferences P = 0.94, I2 = 0%), walled-off pancreatic necrosis 
(2 studies, 240 patients; RR = 0.24, 95% CI = 0.11; 0.53, 
P = 0.0004, I2 = 0%), number of patients with progress in 
CTSI (2 studies, 240 patients; RR = 0.24, 95% CI = 0.12; 
0.47, P < 0.0001, I2 = 0%), and shock (3 studies, 12,090 
patients; MD = 0.84, 95% CI = 0.72; 0.98, P = 0.02, I2 = 0%, 
Test for subgroup differences P = 0.42, I2 = 0%) (Fig.  4, 
Supplementary Table 5).

Subgroup analyses, performed according to study 
design, showed RCTs yielding a pooled effect favouring 

the Intervention group for mortality (7 studies, 1.340 
patients; RR = 0.34, 95% CI = 0.25; 0.46, P < 0.00001, 
I2 = 0%), whereas organ failure was not statistically dif-
ferent (6 studies, 1.299 patients; RR = 0.60, 95% CI = 0.35; 
1.02, P = 0.06, I2 = 76%).

Analysis of the secondary outcomes
In the analysis of secondary outcomes, the Interven-
tion group showed superior outcomes compared 
with the Control group for APACHE II score (4 stud-
ies, 980 patients MD = − 1.81, 95% CI = − 2.63; − 0.98, 
P < 0.001, I2 = 90%, Test for subgroup differences P = 0.03, 
I2 = 79.9%), need for ICU admission (2 studies, 11,962 
patients; RR = 0.77, 95% CI = 0.67; 0.89, P = 0.0003, 
I2 = 0%, Test for subgroup differences P = 0.89, I2 = 0%), 
mean time of tolerance to diet (3 studies, 374 patients; 
MD = − 2.55, 95% CI = − 4.99; − 0.12, P = 0.04, I2 = 98%), 
and systemic complications during treatment (3 studies, 
933 patients; RR = 0.42, 95% CI = 0.32; 0.55, P < 0.00001, 

Fig. 2  ROB2 Risk of Bias assessment of randomised controlled trials included in the systematic review and meta-analysis
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I2 = 0%, Test for subgroup differences P = 0.70, I2 = 0%). 
Conversely, regarding the rate of cured illness (3 stud-
ies, 925 patients; RR = 1.20, 95% CI = 0.87; 1.66, P = 0.26, 
I2 = 97%) and local complications (5 studies, 12,165 
patients; RR = 0.62, 95% CI = 0.25; 1.55, P = 0.31, I2 = 84%, 
Test for subgroup differences P = 0.64, I2 = 0%), the two 
study groups showed no statistically significant difference 
(Supplementary Fig. 3, Supplementary Table 6).

The Intervention group showed superior outcomes 
compared with the Control group for gastrointesti-
nal bleeding (4 studies, 1487 patients; RR = 0.64, 95% 
CI = 0.44; 0.94, P = 0.02, I2 = 0%, Test for subgroup dif-
ferences P = 0.46, I2 = 0%), length of hospital stay (7 stud-
ies, 13,024 patients; MD = − 6.08, 95% CI = − 10.08; 
− 2.07, P = 0.003, I2 = 98%, Test for subgroup differ-
ences P = 0.48, I2 = 0%), need for operative interven-
tions (any type) (7 studies, 1354 patients; RR = 0.50, 95% 
CI = 0.29; 0.87, P = 0.01, I2 = 61%, Test for subgroup dif-
ferences P = 0.40, I2 = 0%), need for surgical intervention 
(3 studies, 959 patients; RR = 0.39, 95% CI = 0.24; 0.65, 
P = 0.0003, I2 = 0%), and vascular thrombosis (5 studies, 
1167 patients; RR = 0.43, 95% CI = 0.31; 0.61, P < 0.00001, 
I2 = 0%, Test for subgroup differences P = 0.10, I2 = 63.2%).

Conversely, regarding the need for endoscopic inter-
vention (3 studies, 255 patients; RR = 0.72, 95% CI = 0.27; 
1.93, P = 0.51, I2 = 57%, Test for subgroup differences 
P = 0.77, I2 = 0%), Balthazar score (2 studies, 240 patients; 
MD = 0.01, 95% CI= − 0.11; 0.12, P = 0.90, I2 = 0%) and 
necrosis score (2 studies, 240 patients; MD = 0.02, 95% 
CI= − 0.31; 0.36, P = 0.89, I2 = 0%) the two study groups 
showed no statistically significant difference (Supplemen-
tary Fig. 4, Supplementary Table 7).

Subgroup analyses, performed according to study 
design, showed that in RCTs the Intervention group 
was superior in terms of APACHE II score (2 stud-
ies, 825 patients; MD = − 1.10, 95% CI = − 1.39; − 0.81, 
P < 0.00001, I2 = 0%), systemic complications (2 studies, 
660 patients; RR = 0.42, 95% CI = 0.32; 0.55, P < 0.00001, 
I2 = 5%), vascular thrombosis (3 studies, 505 patients; 
RR = 0.15, 95% CI = 0.04; 0.55, P = 0.004, I2 = 0%), and 
need for operative intervention (5 studies, 1199 patients; 
RR = 0.42, 95% CI = 0.25; 0.69, P = 0.0007, I2 = 30%). Con-
versely, equivalent results between the two study groups 
were found for local pancreatic complications (3 stud-
ies, 340 patients; RR = 0.51, 95% CI = 0.15; 1.68, P = 0.27, 
I2 = 89%) and gastrointestinal bleeding (2 studies, 

Fig. 3  ROBINS-I Risk of Bias assessment of non-randomised controlled trials included in the systematic review and meta-analysis
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825 patients; RR = 0.54, 95% CI = 0.25; 1.18, P = 0.12, 
I2 = 45%).

Analysis of the laboratory parameters after treatment
Regarding laboratory parameters after treatment, no sta-
tistically significant difference was found between the 
Intervention and Control groups, in terms of platelets and 
albumin. Conversely, PT time (3 studies, 664 patients; 
MD = 0.72, 95% CI = 0.17; 1.27, P = 0.01, I2 = 81%) was 
longer in the Intervention group (Supplementary Fig.  5, 
Supplementary Table 8).

Sensitivity and subgroup analyses
The results of the sensitivity analyses done using the 
leave-one-out method showed that mortality was not 
impacted by any of the included studies, similar to what 
happened in the analyses of organ failure and the need 
for any type of operative intervention during treatment. 
However, the benefits of LMWH were less evident, 
in particular for organ failure and the need for opera-
tive treatment, when the study by Han et  al. [30] was 
excluded.

Considering the different stages of the disease (mod-
erately-severe vs. severe AP), the results of the subgroup 
analysis showed superior outcomes for the Intervention 
group in terms of mortality (8 studies, 1454 patients; 
RR = 0.34, 95% CI = 0.25; 0.45, P < 0.00001, I2 = 0%, Test 

for subgroup differences P = 0.48, I2 = 0%). The sub-
group analysis showed superior results for the Inter-
vention group in moderately-severe (3 studies, 338 
patients; RR = 0.20, 95% CI = 0.05; 0.87, P = 0.03, I2 = 0%) 
and severe AP (5 studies, 1116 patients; RR = 0.34, 95% 
CI = 0.25;0.47, P < 0.00001, I2 = 0%). Regarding the need 
for any intervention (7 studies, 1354 patients; RR = 0.50, 
95% CI = 0.29; 0.87, P = 0.01, I2 = 61%, Test for subgroup 
differences P = 0.93, I2 = 0%), the Intervention group was 
again superior. However, the subgroup analysis showed 
equivalent results between the two study groups for 
moderately-severe (3 studies, 338 patients; RR = 0.48, 
95% CI = 0.21; 1.14, P = 0.10, I2 = 44%) and severe AP (4 
studies, 1.016 patients; RR = 0.51, 95% CI = 0.22; 1.18, 
P = 0.12, I2 = 75%). The incidence of organ failure in the 
two groups was equivalent (6 studies, 1229 patients; 
RR = 0.64, 95% CI = 0.34; 1.21, P = 0.17, I2 = 74%, Test 
for subgroup differences P = 0.81, I2 = 0%). The sub-
group analysis based on the disease severity resulted in 
similar results in the two study groups for moderately-
severe (2 studies, 240 patients; RR = 0.45, 95% CI = 0.03; 
6.93, P = 0.57, I2 = 67%) and severe AP (4 studies, 1059 
patients; RR = 0.64, 95% CI = 0.32; 1.28, P = 0.21, I2 = 82%) 
(Supplementary Fig. 6).

In the subgroup analysis on the duration of LMWH (< 8 
days vs. 8–14 days), the Intervention group showed supe-
rior results than the Control group in terms of mortality 

Fig. 4  Meta-analysis of primary outcomes: A Mortality; B Acute necrotic collections; C CTSI; D Organ failure; E Walled-off pancreatic necrosis; 
F Shock
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(9 studies, 1495 patients; RR = 0.34, 95% CI = 0.25; 0.45, 
P < 0.00001, I2 = 0%, Test for subgroup differences 
P = 0.88, I2 = 0%). The subgroup analysis resulted in supe-
rior outcomes of the Intervention group for LMWH < 8 
days (5 studies, 646 patients; RR = 0.32, 95% CI = 0.19; 
0.55, P < 0.0001, I2 = 0%) and 8–14 days (4 studies, 849 
patients; RR = 0.34, 95% CI = 0.24; 0.49, P < 0.00001, 
I2 = 0%).

For organ failure, the Intervention group was favoured 
only in case of duration of the LMWH administra-
tion for 8–14 days (6 studies, 1299 patients; RR = 0.64, 
95% CI = 0.34; 1.21, P = 0.17, I2 = 74%, Test for subgroup 
differences P = 0.18, I2 = 44.7%). The subgroup analy-
sis based on the duration of LMWH resulted in similar 
results between the two study groups for the length of 
LMWH < 8 days (4 studies, 605 patients; RR = 0.83, 95% 
CI = 0.34; 2.05, P = 0.69, I2 = 85%) but superior results in 
the Intervention group when LMWH was administered 
for 8–14 days (2 studies, 694 patients; RR = 0.42, 95% 
CI = 0.28; 0.64, P < 0.0001, I2 = 0%).

In terms of need for any intervention (7 studies, 1354 
patients; RR = 0.50, 95% CI = 0.29; 0.87, P = 0.01, I2 = 61%, 
Test for subgroup differences P = 0.93, I2 = 0%), the sub-
group analysis based on the duration of LMWH showed 
similar results in the two study groups for LMWH < 8 
days (3 studies, 505 patients; RR = 0.49, 95% CI = 0.21; 
1.11, P = 0.09, I2 = 44%) and 8–14 days (4 studies, 849 
patients; RR = 0.51, 95% CI = 0.22; 1.20, P = 0.12, I2 = 75%) 
(Supplementary Fig. 7).

When exploring potential differences based on the dose 
of LMWH (prophylactic vs. therapeutic), the subgroup 
analysis found no statistically significant differences 
between the two groups in terms of mortality (9 studies, 
1208 patients; RR = 0.41, 95% CI = 0.29; 0.58, P < 0.00001, 
I2 = 0%, Test for subgroup differences P = 0.16, I2 = 48.6%) 
both favouring the Intervention group. The subgroup 
analysis showed similar results for prophylactic dose 
(4 studies, 554 patients; RR = 0.33, 95% CI = 0.20; 0.53, 
P < 0.00001, I2 = 0%) and therapeutic dose (5 studies, 654 
patients; RR = 0.53, 95% CI = 0.32; 0.88, P = 0.01, I2 = 0%) 
in favour of LMWH. Regarding the need for any inter-
vention, Intervention and Control groups showed equiv-
alent results (6 studies, 794 patients; RR = 0.57, 95% 
CI = 0.32; 1.02, P = 0.06, I2 = 50%, Test for subgroup dif-
ferences P = 0.76, I2 = 0%). The subgroup analysis showed 
similar results for prophylactic dose (4 studies, 554 
patients; RR = 0.57, 95% CI = 0.27; 1.24, P = 0.16, I2 = 60%) 
and therapeutic dose (2 studies, 240 patients; RR = 0.43, 
95% CI = 0.09; 2.21, P = 0.31, I2 = 59%).

Conversely, in terms of organ failure, the Interven-
tion group showed superior results compared with the 
Control group when LMWH was administered at pro-
phylactic dose (6 studies, 1012 patients; RR = 0.73, 95% 

CI = 0.43; 1.23, P = 0.24, I2 = 65%, Test for subgroup differ-
ences P = 0.19, I2 = 42.3%). The subgroup analysis based 
on the dose of LMWH showed superior results for pro-
phylactic dose in the Intervention group (2 studies, 399 
patients; RR = 0.51, 95% CI = 0.32; 0.81, P = 0.004, I2 = 0%) 
and equivalent results between the two study groups for 
therapeutic dose (4 studies, 613 patients; RR = 0.92, 95% 
CI = 0.43; 1.97, P = 0.84, I2 = 70%) (Supplementary Fig. 8).

GRADE quality of evidence assessment
According to the GRADE criteria, the systematic review 
and meta-analysis of RCTs and n-RCTs comparing Inter-
vention with LMWH and Control with conventional 
treatment revealed that the overall quality of evidence 
was low for APACHE II score after treatment, occurrence 
of local complications during treatment, gastrointesti-
nal bleeding, CTSI at follow-up, and length of hospi-
tal stay. The certainty of the evidence was moderate for 
the occurrence of organ failure and the need for opera-
tive intervention during treatment, whereas it was high 
for mortality and vascular thrombosis during treatment. 
The systematic review and meta-analysis of RCTs showed 
that the certainty of the evidence was very low for the 
occurrence of organ failure, local complications and gas-
trointestinal bleeding during treatment. Similarly, it was 
very low for CTSI at follow-up and length of hospital 
stay. The GRADE assessment revealed that the certainty 
of evidence was moderate for the occurrence of vascu-
lar thrombosis during treatment, whereas it was high for 
mortality and need for operative intervention (Figs. 5 and 
6).

Discussion
AP runs a severe course in a minority of patients for 
whom moderately-severe and severe forms of the disease 
develop. Pancreatic necrosis and multiple organ failure 
[38] are the most common causes of death in patients 
with AP [39, 40], and this small subset of courses is 
responsible for the burden of the disease [41].

The treatment of AP is currently based on symptomatic 
and supportive treatments, including pain management, 
fluid and electrolyte replacement, early nutritional sup-
port and, in the case of infected necrosis, antibiotic treat-
ment and endoscopic or surgical step-up approaches for 
drainage [5, 10–12, 42].

The progression of AP, especially in the first 72  h, is 
accompanied by systemic inflammatory cascade acti-
vation, pancreatic microcirculatory disturbance and 
microthrombi formation. The present systematic review 
and meta-analysis summarised the current evidence 
on the efficacy and safety of anticoagulant prophylaxis 
with LMWH in moderately-severe and severe AP and 
revealed that the use of prophylactic LMWH can reduce 
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Fig. 5  GRADE Assessment (RCTs and n-RCTs)

Fig. 6  GRADE Assessment (RCTs)
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mortality by approximately 56 − 66%, with a consistent 
effect in favour of the LMWH treatment arm in all the 
subgroup and sensitivity analyses. Although being often 
prescribed in clinical practice in the light of recent stud-
ies that have shown, besides its anti-thrombotic, the anti-
inflammatory and anti-protease properties of LMWH, 
currently there is no consensus regarding its use in AP [5, 
10, 12, 42–44]. Our results on the reduction in the inci-
dence of mortality, which were deemed of critical impor-
tance according to the GRADE assessment system, had 
high degree of evidence and allowed us to conclude that, 
in the current state of scientific knowledge, the prophy-
lactic administration of LMWH should be recommended 
in patients with non-mild acute AP, unless contraindi-
cated for hypersensitivity reasons or coagulopathy.

In keeping with our findings, the results of the meta-
analysis by He et  al. [9] showed that the early adoption 
of LMWH therapy revealed its efficacy in improving 
prognosis by decreasing the mortality, incidence of mul-
tiorgan failure, and vascular thrombosis in patients with 
non-mild AP. Similarly, experimental and clinical investi-
gations have shown that LMWH medication may reduce 
the damage to the pancreas, lungs, kidneys, and brain in 
severe AP, as well as prevent AP-mediated organ damage, 
by lowering serum ET-I levels and decreasing the activa-
tion of NF-kB to lower TNF-α and IL-6 levels [7, 9, 45].

The anti-inflammatory properties of LMWH are dif-
ferent from its anticoagulant activity. LMWH reduces 
the recruitment of inflammatory cells into the site of 
injury and leucocyte adhesion to vascular endothelial 
cells [46–52]. The meta-analysis by Qiu et al. [52] showed 
that WBC and C-reactive protein (CRP) levels were 
lower in patients treated with LMWH than with conven-
tional treatments. As it appeared from the study by Tozlu 
et al. [35], early administration of LMWH improved the 
radiological picture with regression in most cases. Fur-
thermore, most clinical parameters were better in the 
LMWH treatment group, with a lower rate of admission 
to the ICU, shorter time to oral feeding, hospital stay, and 
occurrence of necrosis compared with standard treat-
ments. In keeping with these findings, the use of LMWH 
was shown to be correlated in our meta-analysis with a 
reduction in the incidence of organ failure, both in the 
entire group of studies analysed and in the RCTs, albeit 
with a low level of evidence.

In a recent systematic review and meta-analysis by 
Patoni et  al. [13], both RCTs and observational stud-
ies reported results in favour of LMWH administration 
in terms of significantly decreased risk of mortality and 
multiple organ failure for patients treated with prophy-
lactic anticoagulants compared to standard treatments. 
Moreover, the need for endoscopic or surgical interven-
tions was significantly reduced by LMWH, concluding 

that LMWH reduces major complication rates in non-
mild AP cases when initiated early after diagnosis.

Previous data have shown that anticoagulation therapy 
may cause massive upper gastrointestinal bleeding in AP 
[53], which is one of the reasons why LMWH has not 
been recommended as a conventional therapy in treating 
severe AP patients by currently established guidelines. 
However, the safety of LMWH use in severe and necro-
tising AP patients was repeatedly demonstrated in recent 
years. The meta-analysis by Yin et al. [54] pointed out that 
anticoagulation marginally increased the risk of bleed-
ing in patients with AP, which was inconsistent with the 
findings of two previous meta-analyses [55, 56] and ours. 
Intuitively, there could be higher rates of haemorrhage 
in AP patients treated with therapeutic anticoagulation, 
in line with previous studies showing that therapeutic 
dosage of LMWH increases the risk of gastrointestinal 
bleeding in these patients. Although patients with under-
lying AP appear to have an additional risk of haemor-
rhage due to local complications that, in case of infected 
pancreatic necrosis or persistent symptoms, require 
endoscopic or percutaneous drainage [57], our findings 
revealed that LMWH does not increase the incidence of 
gastrointestinal bleeding, suggesting a favourable safety 
profile. In keeping with our findings, Qiu et al. [52] and 
Patoni et  al. [13] showed that in their meta-analyses 
about LMWH usage in AP patients, none of the enrolled 
studies reported that LMWH would increase the risk of 
bleeding or prolong prothrombin time and activated par-
tial thromboplastin time.

This evidence, although of low grade, allows us to con-
sider the safety profile of the administration of LMWH as 
adequate. Nevertheless, this outcome is rarely reported in 
AP patients receiving prophylactic anticoagulants, so, fur-
ther high-quality studies are needed to confirm this finding.

Our meta-analysis also revealed LMWH’s association 
with reduced organ failure and thrombotic events, rein-
forcing its beneficial impact beyond mere anticoagula-
tion. In our study, the experimental group with LMWH 
showed a reduction in thrombotic events compared to 
the standard therapy group, with a high level of evidence 
and a lower use of operative treatments of interventional 
radiology, operative endoscopy and surgery during the 
treatment period. This result was judged to be of high 
quality in the analysis of RCTs, and moderate in all stud-
ies analysed. Splanchnic venous thrombosis (SVT), which 
includes the splenic, portal, and/or superior mesenteric 
veins, is reported to occur in imaging studies in patients 
with AP with an approximate incidence rate of 1-24% 
[58, 59]. In the study by Zhou et al. [29] early application 
of anticoagulation was found to reduce the incidence of 
SVT, while the incidence of bleeding was comparable 
between the two study groups.
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Among the subgroup analyses that were carried out, 
the one based on the type of LMWH dose used showed 
how, both in prophylactic and therapeutic doses, the use 
of LMWH was able to reduce the incidence of mortality, 
while with regards to organ failure, the administration of 
prophylactic doses has proven to be more effective than 
the administration of a therapeutical dose. This result 
is of absolute importance since the fear of the onset of 
bleeding complications following the administration of 
therapeutic doses of LMWH could generate a reluctance 
towards the application of scientific evidence in this 
regard. The evidence that the reduction in the incidence 
of mortality in patients suffering from moderate-severe 
and severe AP already occurs with the use of prophylac-
tic dosages of LMWH could represent a push towards the 
routine use of this clinical practice to a global level.

The analysis of the results performed in the subgroups 
of patients with moderate-severe and severe AP showed 
a reduction in mortality in both subgroups of patients 
following the administration of LMWH. This favourable 
effect was obtained with administration times of less than 
eight days and with longer administration times, from 
eight to 14 days. This result allows us to conclude that the 
administration of LMWH at a prophylactic dosage for a 
duration of less than eight days represents an appropriate 
regimen to reduce mortality in patients suffering from 
non-mild AP.

However, prolonged administration for a time inter-
val between eight and 14 days appears to be related to a 
decrease in the incidence of organ failure, but large RCTs 
must confirm this data. Future studies should explore the 
optimal duration and dosage of LMWH treatment, par-
ticularly given the observed benefits of less than eight 
days of administration and the potential for extended 
administration to decrease organ failure incidence. These 
investigations will be crucial in refining treatment pro-
tocols and enhancing our understanding of LMWH’s 
therapeutic mechanisms, including its anti-inflammatory 
properties and influence on the coagulation cascade.

Using LMWH was also associated with reducing the 
length of hospital stay. Conversely, no statistically signifi-
cant differences were detected between the two groups 
regarding the incidence of acute pancreatic fluid col-
lections. This result opens a debate on whether the real 
benefit of LMWH in prophylaxis is mainly related to the 
drug’s action on the inflammatory cascade in the initial 
stages of the disease rather than to a local effect on reduc-
ing the development of walled-off necrosis, which instead 
and perhaps to a lesser extent, occurs in advanced stages.

Strengths and limitations
This systematic review and meta-analysis has sev-
eral strengths. First, it is based on a robust GRADE 

methodology and, to date, it is the largest meta-anal-
ysis on the topic, with 13 studies and more than 13,000 
included patients. Moreover, this meta-analysis excluded 
RCTs published in Chinese journals due to inappropri-
ate randomisation procedures [52] and included the lat-
est RCT published in May 2022 [13]. Our study did not 
pool together the therapeutic and preventive effects of 
LMWH therapy for statistical analysis as it was done pre-
viously [15]. According to GRADE, the certainty of evi-
dence was high for the primary outcome measure, and it 
was highlighted by three impacting subgroup analyses, 
including the one for RCTs.

Several shortcomings also exist. The main limitation 
was the small number of included studies. Second, the 
risk of bias in included studies downgraded the qual-
ity of the results for some critical outcomes, including 
organ failure, gastrointestinal bleeding, and the need for 
operative interventions. Some planned analyses included 
few studies, especially when potential causes for hetero-
geneity were explored through subgroup analyses. Last, 
many critical outcomes, including organ failure, showed 
substantial heterogeneity deriving from the variability 
in the distribution of disease severity and study design 
differences.

Conclusions
This systematic review and meta-analysis supported the 
view that LMWH treatment is highly beneficial for the 
prognosis of moderately-severe and severe AP. In sum-
mary, moderate to high-quality evidence suggested early 
intervention with LMWH could improve the prognosis 
of non-mild AP in terms of mortality, organ failure, and 
decreased incidence of vascular thrombosis. Moreo-
ver, low to moderate quality of evidence suggested that 
LMWH in adjunct to conventional treatments may 
decrease the incidence of vascular bleeding the the 
length of hospital stay. In light of our findings, integrat-
ing LMWH into the treatment regimen for moderate-
severe to severe AP is advocated, considering the balance 
between efficacy and safety. However, it is necessary to 
perform robust RCTs with higher power to confirm the 
reasonable dosage of LMWH therapy in non-mild AP 
further and explore the reasonable timing and course of 
LMWH therapy.
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