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Introduction

Sepsis is a systemic infection with systemic inflammatory 
response syndrome caused by pathogenic microorganisms, 
especially bacteria. It is important that it is the main cause 
of death in intensive care unit (ICU) except cardiac diseases, 
and its patients account for 1.3% of the total number of 
hospitalized patients and 10% of the number of patients in 

the ICU (1,2). After the invasion of bacteria, the hemostatic 
function of the human body is activated to resist infection 
and eventually forms thrombin and fibrin, both of which 
will further promote the occurrence of inflammation (3).  
In addition, fibrinolytic reaction is also inhibited. Excessive 
procoagulant and antifibrinolytic reactions may lead 
to coagulation disorders, such as thrombocytopenia, 
disseminated intravascular coagulation, microthrombosis 
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and multiple organ dysfunction syndrome (MODS) (4). 
Therefore, to some extent, anticoagulant can be used as a 
potential therapeutic scheme for sepsis (5,6). Studies have 
pointed out that heparin plays an anticoagulant role by 
enhancing the activity of antithrombin and inactivating 
Xa and IIa (thrombin) factors (7). Thrombin is closely 
related to inflammation, so the inhibition of thrombin is 
equivalent to the inhibition of inflammation (8,9). Heparin 
is therefore considered to have an anti-inflammatory 
effect that is independent of its anticoagulant effect, and 
there is no correlation between the two (10). The Sepsis 
Surviving Campaign and Guidelines for Prevention of 
Venous Thromboembolism in Non-surgical Patients both 
recommend septic patients use unfractionated heparin 
(UFH) or low-molecular-weight heparin (LMWH) for 
thromboprophylaxis (11,12). UFH has been used as an 
anticoagulant for more than 60 years, and has been found 
to significantly inhibit thrombin, and can inhibit Xa, IXa, 
Xla, and Xlla coagulation factors through antithrombin (13). 
LMWH is an anticoagulant derived from UFH through 
chemical or enzymatic hydrolysis. Its anticoagulant effect, 
like UFH, is also based on activating antithrombin. The 
average molecular weight of LMWH is smaller than half 
of that of UFH, therefore it has little effect on thrombin. 
LMWH is mainly used to inactivate factor Xa. The size 
of heparin will affect the interaction between heparin and 
platelets. It can enhance or inhibit platelet aggregation, 
which is one of its adverse properties and one of the causes 
of side-effects, including hemorrhage (14). Antibodies 
produced by UFH and platelet factor 4 (PF4) complexes 
can lead to heparin-induced thrombocytopenia (HIT). 
Because LMWH is relatively small, it also reduces its 
binding to platelets and PF4, therefore reducing the 
incidence of HIT (15). LMWH has also been found to 
increase fibrinolysis (16). Therefore, compared with UFH, 
LMWH is considered to be a more effective anticoagulant 
that not only retains good antithrombotic effect but also 
reduces the risk of bleeding, therefore reducing the risk of 
complications. At present, clinical research on anticoagulant 
therapy for sepsis is still controversial, and whether heparin 
or LMWH should be used for anticoagulant therapy for 
sepsis is still in doubt. Therefore, the aim of the present 
study was to comprehensively analyze previous research on 
the therapeutic effects of LMWH on sepsis so as to provide 
evidence-based medicine for the clinical anticoagulation 
treatment of sepsis.

We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.

org/10.21037/apm-21-169).

Methods

Literature retrieval

Databases, including PubMed, Web of Science, Embase, 
China Wanfang Database, China National Knowledge 
Infrastructure, and Biomedical Literature Database of 
China, were searched to collect clinical randomized 
controlled trials of LMWH for sepsis patients. “Low-
molecular-weight heparin” and “sepsis” or “severe sepsis” 
or “septic shock” or “septic shock” were used as the 
keywords. The search time was from the establishment of 
each database to February 20, 2020. We used the references 
included in the literature to supplement the research that 
might have been missed. Two evaluators independently 
screened documents according to the steps of preliminary 
screening and full-text screening. Any differences were 
settled through discussions between both parties or judged 
with the assistance of a third party.

Criteria for inclusion and exclusion of documents

The inclusion criteria were as follows: (I) published 
prospective, randomized controlled clinical studies on 
LMWH treatment of sepsis, limited to English and 
Chinese; (II) diagnostic criteria conformed to the diagnostic 
criteria for sepsis, severe sepsis, and septic shock formulated 
by the American Society of Critical Care Medicine in 
2001; (III) purpose of the study was to explore the effect of 
LMWH on the prognosis and adverse events of sepsis; and 
(IV) study participants were aged >18 years.

The exclusion criteria were as follows: (I) Semi-
randomized controlled trials or non-randomized controlled 
trials, animal experiments, mechanism studies, case reports, 
and reviews; (II) studies with insufficient data; (III) death 
or discharge within 72 h after treatment; (IV) the research 
object includes children; and (V) all clinical randomized 
controlled trials on LMWH treatment of sepsis, whether 
blinded or not, were included.

Intervention measures and determination indicators of 
therapeutic effect 

The intervention methods were as follows: (I) the treatment 
group was treated with LMWH, while the control group 
was treated with routine treatment; (II) the LMWH 
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Figure 1 Article retrieval flow diagram.
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treatment group was treated with LMWH; and (III) routine 
treatment included early antibiotics, fluid resuscitation, 
blood sugar control, organ support, and basic etiological 
support.

One or more of the following determination indicators 
of therapeutic effect were included: Acute Physiology 
And Chronic Health Evaluation II (APACHE II) score, 
D-dimer level, platelet count, prothrombin time (PT), 
28-day mortality rate, MODS incidence rate, bleeding 
complications, tumor necrosis factor-α (TNF-α) and 
interleukin (IL)-6.

Literature quality evaluation

Methodological quality evaluation of the study adopts the 
method recommended by the Cochrane Collaboration 
Network. The quality evaluation of each study includes 
random allocation method; whether the allocation scheme 
is hidden; whether blind method is used; and whether to 
describe withdrawal and missing visits, and if so, whether an 
intentionality analysis should be conducted.

Statistical methods

Data were statistically analyzed by Stata 15.0 software 
(STATACORP LP, Texas City, USA). For quantitative data, 
the combined estimation was the mean difference (MD) 
and its 95% confidence interval (CI). For binary data, the 
combined estimation was the relative risk (RR) and its 95% 
CI. LMWH plus conventional therapy was compared with 
conventional therapy. Cochran’s Q test and I2 statistics were 
used to evaluate the heterogeneity of the study. If I2≥50% 
or P<0.05, this indicated significant heterogeneity, and the 
random-effect model was selected for data merging (17); the 
fixed-effect model was used for data consolidation. Potential 

publication bias was assessed by funnel plot and Egger’s test. 
Sensitivity analysis was conducted on the research results to 
evaluate the robustness of the conclusions.

Results

Literature search results and baseline characteristics

In total, 462 potential articles were initially retrieved, 
of which 426 were excluded after screening of titles and 
abstracts. After full-text retrieval, 26 articles were excluded 
for various reasons. Finally, 10 articles were included in the 
study (Figure 1) (18-27). Baseline characteristics included in 
the study are shown in Table 1. All tests were published in 
Chinese, but no research published in English was found. 
The 10 trials involved 684 patients, 363 of whom were in 
the LMWH group and 321 in the routine treatment group. 
The LMWH group received two types of heparin therapy: 
low-molecular heparin calcium and low-molecular heparin 
sodium. The treatment time of LMWH was 7 days. The 
included tests were classified as low to medium quality. 
Figure 2 summarizes the bias risk for each test.

Meta-analysis results

Clinical outcomes
The results of the meta-analysis are shown in Table 2. Nine 
articles reported APACHE II scoring results (Figure 3A). 
The random-effect model (I2=60.9%, P<0.05) was used for 
analysis. Compared with the conventional treatment group, 
the APACHE II score in the LMWH treatment group was 
significantly reduced (MD =–4.42, 95% CI: –5.50 to –3.33). 
Seven articles reported 28-day mortality. Using the fixed-
effect model (I2=0%, P>0.05), LMWH treatment was found 
to significantly reduce the 28-day mortality rate (RR =0.52, 
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Table 1 Basic characteristics of literature inclusion

First author Year
No. patients 

Exp/Con
Age APACHE II basic score (Exp/Con)

Intervention measures
RT group Outcome Type of study

Sepsis distribution LMWH group

Ai YH 2005 22/18 44±5 15.46±4.61/14.31±3.71 Severe pancreatitis 20, suppurative cholangitis 5, multiple trauma 
10, liver abscess 1, respiratory tract infection 3, urinary tract 
infection 1

LMWH calcium 5,000 U/12 h ×  
7 days + RT

Anti-infection, fluid replacement, acid inhibition and stomach 
protection, maintenance of internal environment balance, organ 
support and etiological treatment

① + ② + ③ + ④ 
+ ⑦ + ⑨

Prospective

Han Y 2010 49/25 72.6±12.9 15.15±5.33/14.80±6.08 Respiratory infection 13, multiple trauma 11, pancreatitis 9, 
suppurative cholangitis 4, skin Soft tissue infection 3

LMWH calcium 6,150 U/12 h ×  
7 days + RT

Anti-infection, nutritional support, organ support ① + ② + ③ + ④ 
+ ⑧

Prospective

Deng YM 2008 20/20 44±8 20.22±6.09/20.80±6.48 Pneumonia 41 minutes COPD with infection 19, acute attack of 
chronic bronchitis 3, urinary tract infection 3, pulmonary interstitial 
fibrosis with infection 3, empyema 1, biliary tract infection 3, 
urinary tract infection 1

LMWH sodium 4,000–6,000 U/ 
12 h × 14 days + RT

Fluid replacement, anti-infection, acid inhibition to protect gastric 
mucosa, maintenance of internal environmental balance, nutritional 
support, and symptomatic treatment

① + ② + ③ + ④ 
+ ⑨

Retrospective

Zhao SW 2011 28/31 65.05±17.46 20.92±5.77/21.17±5.26 Lung infection 9, urinary tract infection 9, biliary tract infection 4, 
liver abscess 3, pancreatitis 2

LMWH calcium 0.3–0.6 mL/12 h × 
7 days + RT

Anti-infection, rehydration, acid inhibition, protection of gastric 
mucosa, maintenance of internal environmental balance, nutritional 
support, and symptomatic treatment

① + ② + ③ + ④ 
+ ⑤

Prospective

Chen HJ 2012 30/30 54.2±12.4 NR NR LMWH calcium 0.6 mL/12 h ×  
7 days + RT

Anti-infection, rehydration, acid inhibition, protection of gastric 
mucosa, maintenance of internal environmental balance, nutritional 
support, and symptomatic treatment

② + ③ + ④ + ⑤ Prospective

Fang WG 2015 87/72 71.04±12.60 22.38±4.12/21.75±5.26 Pulmonary infection 136, abdominal infection 23 LMWH 4,000 U/12 h × 7 days + 
RT

Anti-infection, rehydration, nutritional support, and symptomatic 
treatment

① + ② + ③ + ④ 
+ ⑨

Prospective

Wu ZX 2016 30/30 48.01±5.21 22.96±3.24/22.97±3.26 Pulmonary infection 39, urinary tract infection 11, biliary tract 
infection 3, pancreatitis 4, liver abscess 3

LMWH 5,000 IU/12 h × 7 days + 
RT

Anti-infection, rehydration, acid inhibition, protection of gastric 
mucosa, maintenance of internal environmental balance, nutritional 
support, and symptomatic treatment

① + ② + ③ + ⑤ 
+ ⑥

Retrospective

Li X 2017 48/48 68.4±13.6 15.38±4.62/15.49±4.57 Respiratory infection 24, urinary tract infection 23, pancreatitis 17, 
multiple trauma 20, cholangitis 12

LMWH sodium 5,000 U/12 h ×  
7 days + RT

Anti-infection, rehydration, acid inhibition, protection of gastric 
mucosa, maintenance of internal environmental balance, nutritional 
support, and symptomatic treatment

① + ② + ③ + ⑥ 
+ ⑦ + ⑧ + ⑨

Prospective

Ge CL 2018 17/15 62–84 19.5±4.3/18.2±6.6 Severe pneumonia 15, acute suppurative cholangitis 1, acute 
urinary tract obstruction with infection 16

LMWH calcium 3,000–5,000 IU/ 
24 h × 7 days + RT

Anti-infection, rehydration, acid inhibition, protection of gastric 
mucosa, oxygen inhalation, nutritional support, and symptomatic 
treatment

① + ② + ③ + ④ 
+ ⑤ + ⑥ + ⑦ + 

⑧

Prospective

Zhou HY 2019 32/32 22–73 21.0±5.4/19.8±5.6 NR LMWH 5,000 U/24 h × 7 days + 
RT

Anti-infection, fluid replacement, maintenance of internal environment 
stability, symptomatic treatment

① + ② + ⑨ Prospective

Note: ① , APACHE II score; ② , prothrombin time; ③ , platelet count; ④ , 28-day mortality; ⑤ , D-dimer; ⑥ , tumor necrosis factor-α; ⑦ , interleukin-6; ⑧ , multiple organ dysfunction syndrome; ⑨ , bleeding complication. APACHE II, Acute Physiology And Chronic Health Evaluation II; Con, control; Exp, 
experiment; LMWH, low-molecular-weight heparin; NR, not reported; RT, routine treatment; “+” means “and”.
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95% CI: 0.38–0.70) (Figure 3B).

Anticoagulant activity
Using fixed-effect model analysis (I2=4.3%, P>0.05), 
LMWH treatment was found to significantly reduce serum 
D-dimer (MD =–266.91, 95% CI: –339.98 to –193.85) 
(Figure 4A). Nine articles on platelet count were included. 
Using the random-effect model (I2=54.9%, P<0.05), platelet 
count (MD =34.99, 95% CI: 23.37 to 46.60) was found to be 
significantly higher than that of the conventional treatment 
group (Figure 4B). All studies on PT were included in our 
meta-analysis. Using the fixed-effect model (I2=42.2%, 
P>0.05), LMWH treatment was found to significantly 
reduce PT (MD =–0.48, 95% CI: –0.83 to –0.13). Four 
articles on serum D-dimer were included (Figure 4C). 

Serum inflammatory factors
Three articles on serum IL-6 levels were included  
(Figure 4D). Using the random-effect model (I2=54.9%, 
P<0.05), the serum IL-6 level in the LMWH treatment 
group was found to be significantly lower than that in 
the conventional treatment group (MD=–85.92, 95% CI: 
–148.78 to –23.06). Three articles on serum TNF-α levels 
were included (Figure 4E). Using the random-effect model 
(I2=92.2%, P<0.05), serum TNF-α level in the LMWH 
treatment group was found to be significantly reduced 
(MD=–7.94, 95% CI: –13.07 to –2.82).

Hemorrhagic complications and MODS incidence rate
Five articles reported bleeding events (Figure 5A). Using the 
fixed-effect model (I2=0%, P>0.05), bleeding complications 

Figure 2 Results of literature quality risk assessment. (A) Risk of bias graph; (B) risk of bias summary.
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Table 2 Main results of meta-analysis

Effect index n MD RR 95% CI P value I2 (%) P for I2 Model P for publication bias

APACHE II 9 –4.42 NA –5.50 to –3.33 0.000 60.9 0.009 REM 0.312 

PT 10 –0.48 NA –0.83 to –0.13 0.008 42.2 0.076 FEM 0.258 

Platelets 9 34.99 NA 23.37 to 46.60 0.000 54.9 0.023 REM 0.875 

28-day mortality 7 NA 0.52 0.38 to 0.70 0.000 0.0 0.789 FEM 0.481 

MODS 3 NA 0.54 0.36 to 0.80 0.002 0.0 0.736 FEM 0.450 

Bleeding 
complication

5 NA 1.29 0.76 to 2.17 0.349 0.0 0.548 FEM 0.029 

D-dimer 4 –266.91 NA –339.98 to –193.85 0.000 4.3 0.371 FEM 0.094 

TNF-α 3 –7.94 NA –13.07 to –2.82 0.002 92.2 0.000 REM 0.994 

IL-6 3 –85.92 NA –148.78 to –23.06 0.007 75.0 0.018 REM 0.035

APACHE II, Acute Physiology And Chronic Health Evaluation II; FEM, fixed-effect model; MD, mean difference; MODS, multiple organ 
dysfunction syndrome; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6; NA, not available; PT, prothrombin time; REM, random-effect 
model; RR, relative risk.

Figure 3 Forest plots of clinical outcomes. (A) Acute Physiology And Chronic Health Evaluation II score; (B) 28-day mortality rate. CI, 
confidence interval; MD, mean difference; RR, relative risk.

BA

in the LMWH treatment group did not increase compared 
with the conventional treatment group (RR =1.29, 95% 
CI: 0.76 to 2.17. The incidence of MODS was reported in 
3 articles (Figure 5B). Using the fixed-effect model (I2=0%, 
P>0.05), the incidence of MODS in the LMWH treatment 
group was significantly lower than that in the conventional 
treatment group (RR =0.54, 95% CI: 0.36 to 0.80).

Publication bias

The results of Egger’s test of all indexes are shown in 
Table 2. Except for the test P values of IL-6 and bleeding 

complications were slightly less than 0.05, other indicators 
were all >0.05, indicating that the difference was not 
statistically significant. The funnel plot of APACHE II, 
PT, platelet count, and 28-day mortality showed that the 
graphs of these four indicators were basically symmetrical  
(Figure 6). As the number of indicators is small, no funnel 
chart was created. Overall, the publication bias of the 
present study was relatively small.

Sensitivity analysis

The sensitivity analysis results the of APACHE II score, 
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Figure 4 Forest plots of anticoagulant activity and serum inflammatory factors. (A) D-dimer; (B) platelet count; (C) prothrombin time; (D) 
serum interleukin-6 level; (E) serum tumor necrosis factor-α level. CI, confidence interval; MD, mean difference.
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28-day mortality rate, hemorrhagic complications, and 
MODS showed that the results of the meta-analysis after 
excluding a single study had no statistically significant 
changes (Figure 7). Therefore, for these 4 indicators, the 
results were stable.

Sensitivity analysis results of platelet count, PT, D-dimer, 
TNF-α, and IL-6 showed that the results of the meta-
analysis of platelet count and D-dimer after excluding 1 
study were consistent with the original conclusion (Figure 8).  
However, after eliminating 2 articles, 1 article, and 1 article 
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Figure 5 Forest plots of hemorrhagic complications and multiple organ dysfunction syndrome incidence rate. (A) Hemorrhagic 
complications; (B) multiple organ dysfunction syndrome. CI, confidence interval; RR, relative risk.

Figure 6 Funnel plots of APACHE II, PT, platelet count, and 28-day mortality. (A) Acute Physiology And Chronic Health Evaluation II, (B) 
platelet count, (C) prothrombin time, (D) 28-day mortality. APACHE II, Acute Physiology And Chronic Health Evaluation II; PT, platelet 
count.
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B
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Figure 7 Sensitivity analysis of APACHE II score, 28-day mortality rate, hemorrhagic complications, and MODS. (A) Acute Physiology And 
Chronic Health Evaluation II (APACHE II) score, (B) 28-day mortality rate, (C) hemorrhagic complications, (D) multiple organ dysfunction 
syndrome. CI, confidence interval; APACHE II, Acute Physiology And Chronic Health Evaluation II; MODS, multiple organ dysfunction 
syndrome.

B

D

A

C

on PT, TNF-α, and IL-6, respectively, the results of the 
meta-analysis changed from the original conclusion and 
were found to have no statistical significance.

Discussion

Sepsis  i s  an organ dysfunct ion that  may lead to 
uncontrolled lethal reaction under the infection of 
pathogenic  microorganism.  I t  has  a  complicated 
pathophysiological change process. The whole course of 
the disease involves various abnormal changes, such as 
inflammation, coagulation function, immune function, and 

microcirculation (28). Uncontrolled inflammatory response 
is the cornerstone of the occurrence and development of 
sepsis, and is currently recognized as the most important 
pathogenesis of sepsis (29). The course of sepsis involves 
cytokine production, imbalance of pro-inflammatory and 
anti-inflammatory reactions, overactivation of the body’s 
immune system, and immune dysfunction. In the early 
stage, the production of TNF-α and IL-1 jointly launch an 
inflammatory reaction, and a large number of inflammatory 
mediators increases. Of these inflammatory mediators, 
TNF-α causes bacterial endotoxin damage to the body, 
and its serum level has a direct impact on the prognosis of 
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Figure 8 Sensitivity analysis of anticoagulant activity and serum inflammatory factors. (A) D-dimer, (B) platelet count, (C) prothrombin 
time, (D) interleukin-6, (E) tumor necrosis factor-α. CI, confidence interval; MD, mean difference.
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patients with severe sepsis (30). IL-6 is induced by the above 
2 cytokines. T lymphocytes proliferate and B lymphocytes 
produce and release immunoglobulin, both under the action 
of IL-6. Under the action of IL-6, the phagocytosis process 
of aging neutrophils will slow down, causing a substantial 
increase in the concentration of inflammatory mediators. 
Therefore, IL-6 can also be used to judge the severity and 
prognosis of sepsis patients. If the concentration of IL-6 
increases significantly, the prognosis of the patient is often 
poor (31). The results of this meta-analysis show that, 
compared with conventional treatment, the LMWH group 
can significantly reduce APACHE II score, 28-day mortality 
rate, and MODS incidence rate with statistically significant 
differences. No obvious publication bias was found in 
the present study. Sensitivity analysis results showed that 
the conclusion was also robust. The LMWH group can 
significantly reduce the serum TNF-α and IL-6 levels of 
cytokines, but sensitivity analysis results show that these two 
indicators are not robust to a certain extent, which may be 
limited to the sample size and must be verified with a larger 
sample size.

After the vascular endothelium of septic patients 
is damaged, platelets, which should be in a quiet state 
in normal blood circulation, are also activated rapidly, 
adhere to the damaged parts of vascular endothelium 
and release various coagulation factors. At the same time, 
platelet activation factors are also released, resulting 
in the continuous activation of platelets, coagulation 
dysfunction, extensive microthrombosis, massive depletion 
of platelets and coagulation factors, and the formation of 
disseminated intravascular coagulation (32). After being 
activated, platelets can cause the aggregation and activation 
of leukocytes and neutrophils, promote the aggregation of 
platelets, and produce cytokines and coagulation factors, 
which further aggravate the body’s inflammatory response 
and vascular damage. At the same time, the physiological 
anticoagulation mechanism of the patient is inhibited. 
Although the fibrinolytic system can be activated by tissue 
plasminogen activator released by endothelial cells in the 
early stage, the level of plasminogen activator inhibitor-1 
in blood gradually increases with the progress of the 
disease, and the activity of the plasminogen system is also 
inhibited (33). The number of platelets in septic patients 
often decreases. The findings of the meta-analysis indicate 
that, compared with the conventional treatment group, 
the LMWH group can significantly increase platelet count 
and reduce PT and serum D-dimer level with statistically 
significant differences. There was no obvious publication 

bias for these three indicators. Sensitivity analysis results 
demonstrated that the results of the platelet count and 
D-dimer level were robust, but PT was not robust to a 
certain extent. Therefore, more studies are needed to 
confirm the conclusion that LMWH significantly reduces 
PT compared with conventional treatment.

LMWH is decomposed and purified from UFH. Its 
antithrombotic effect is fast and lasting, and it has been 
widely used in clinical settings (34). Compared with UFH, 
LMWH has the following advantages: (I) it has a stronger 
anti-factor Xa effect and does not need to closely monitor 
factor Xa; (II) it has high bioavailability and a long half-
life; (III) it has less dependence on antithrombin III; and 
(IV) it has low probability of thrombocytopenia and less 
spontaneous hemorrhage (35). The results of our meta-
analysis show that there was no difference in bleeding 
complications between the LMWH group and conventional 
treatment group, and the sensitivity analysis also showed 
that this conclusion was relatively robust. However, 
publication bias results indicated that there was publication 
bias in the study of bleeding complications. Therefore, 
more research is needed to confirm the effect of LMWH 
on bleeding complications. Fan et al.’s meta-analysis showed 
that, compared with the conventional treatment group, the 
level of serum D-dimer in septic patients was not reduced in 
the LMWH group and bleeding events increased (RR: 3.82, 
95% CI: 1.81–8.08) (36). This is different from our research 
results. Our results showed that the level of serum D-dimer 
in septic patients was significantly reduced in the LMWH 
group and did not increase bleeding events. Our sensitivity 
analysis results also confirmed this. The reason for this 
may be the difference in the choice of study. It can be seen 
from the results that the heterogeneity of each index in the 
present study was relatively low. Therefore, to a certain 
extent, the conclusion of the study was significant.

The present study has some limitations. First, all studies 
were conducted in China and published in Chinese. The 
results of Egger’s test of bleeding complications and IL-6 
were P<0.05, which could not exclude the possibility of 
potential publication bias. Second, the methodological 
quality of some studies was not high, because it is difficult 
to complete blind trials in actual clinical treatment. Third, 
significant heterogeneity was found in the summary analysis 
of cytokines IL-6 and TNF-α, and only 3 studies were 
included, which had certain limitations. Finally, all of the 
articles only included Chinese patients, and caution should 
be taken when extending the results to other ethnic groups.

In conclusion, on the basis of conventional treatment, 
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LMWH can reduce inflammatory reaction and improve 
coagulation function of adult septic patients without 
increasing bleeding events, significantly reduce MODS 
incidence rate and 28-day mortality rate, and improve 
prognosis. Although our research results show that LMWH 
will not increase bleeding events, due to certain publication 
bias, it is still recommended to monitor bleeding events for 
the safety of patients. Considering the limitations of this 
study, further high-quality, clinical, randomized controlled 
trials are needed to verify the effect of LMWH on the 
efficacy of adult septic patients.
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