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ABSTRACT

Background: Chitin is a nitrogen-containing polysac-
charide that can promote wound healing and stop bleeding. 
This paper investigates the effects of the addition of a chitin 
hemostatic patch on the time to arterial hemostasis, bleeding 
time, and reduction of the risk of bleeding and hematoma in 
patients undergoing cardiac catheterization.

Methods: Databases were searched for published clinical 
studies. The subjects were patients who received cardiac cath-
eterization and had a chitin hemostatic patch added at the site 
of arterial puncture, while the control group received rou-
tine hemostatic treatment. The research quality was evalu-
ated using the Cochrane risk-of-bias tool, version 2.0, and the 
meta-analysis was carried out using RevMan software.

Results: After searching literature databases, five random-
ized controlled trials were retrieved and included in the meta-
analysis. The results showed that adding a chitin hemostatic 
patch could shorten the time to arterial hemostasis in patients, 
who received cardiac catheterization (Std. Mean Difference, 
-0.58; P < .001). In the subgroup analysis, the grouped effect 
of the chitin hemostatic patch on the bleeding time showed 
that the bleeding time was not significantly shortened after 
adding a chitin hemostatic patch in patients in the experimen-
tal group (RR, 0.78). At the same time, this measure did not 
significantly reduce the risk of arterial bleeding (RR, 0.49) or 
hematoma (RR, 0.73).

Conclusions: The results of the meta-analysis showed 
that adding a chitin hemostatic patch at the site of arterial 
puncture in patients undergoing cardiac catheterization sig-
nificantly reduced the time to hemostasis, but did not signifi-
cantly reduce the incidence of bleeding and hematoma.

INTRODUCTION

Ischemic heart disease is one of the most common causes 
of death globally, and a study predicted that by 2020, the 
death toll from cardiovascular disease would account for 
one-third of the global death toll [World Health Organiza-
tion 2019]. Epidemiological data related to cardiovascular 
diseases show that smoking, lack of activity and exercise, 
poor diet and weight control, and other health factors, such 
as poor control of cholesterol, blood pressure, and blood 
glucose, often cause cardiovascular health hazards [Bittner 
2019]. In addition, international research on the medical 
cost burden of cardiovascular diseases also shows that this 
burden has been continuously increasing; for example, the 
annual direct and indirect costs to people with cardiovascu-
lar diseases in the United States are estimated to be about 
USD $351.2 billion. From 2014 to 2015, cardiovascular 
diseases and stroke accounted for 14% of the total medical 
expenditure. Among the five common cardiovascular treat-
ment trends for this disease [Benjamin 2019], the cardiac 
catheterization has gained acceptance the fastest and has 
become the most common treatment method in the last 20 
years, due to its advantages, such as high safety, no need 
for surgery, short hospital stay, and less pain for patients 
[Benjamin 2019]. It has even replaced traditional surgical 
treatment in many aspects and has become a mainstream 
treatment for many cardiovascular diseases. Moreover, 
with this cardiovascular treatment, standardized operative 
procedures can be established, and in-hospital treatment 
routines can be simplified, effectively reducing the number 
of days in the hospital, complications, and medical costs 
through the management of clinical protocols.

Hemostasis after cardiac catheterization is uncertain 
because of different arterial puncture sites, and seriously 
affects the treatment outcome and prognosis. Usually, after 
cardiac catheterization, 56% of the patients need approxi-
mately 10–15 min for hemostasis at the site of arterial punc-
ture. The average compression time when using an arterial 
hemostasis compression plate is >3 h [Dai 2015; Arbel 2011] 
and vascular complications, such as arterial bleeding (7–20%) 
or hematoma (3–21%), are common [Dai 2015; Arbel 2011; 
Mamas 2014; Chugh 2015; Kang 2017; Kikkert 2014; Nguyen 
2007]. Conventionally, in this clinical medical procedure, 
complete arterial hemostasis is achieved by applying manual 
pressure or by using a vascular closure device [Rao 2016]. 
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However, in one clinical case, acute complete transverse tear-
ing of the femoral artery due to asymptomatic arteriosclerosis 
disease occurred, leading to death several hours after trans-
femoral cardiac catheterization [D'Ovidio 2016]. To stop the 
bleeding from the radial artery, a manually pressed wrist band 
is used as an alternative method [Rao 2016]. According to 
clinical research, compared with femoral artery puncture, in 
radial artery puncture, the time to arterial hemostasis is 13 
min less, time to mobilization is shorter, recovery comfort 
is higher, and fewer days of hospital stay are needed [Rao 
2016; Mitchell 2012]. In addition, a clinical study showed 
that the use of transradial cardiac catheterization can prevent 
the increased cost of vascular or bleeding complications, as 
compared with transfemoral cardiac catheterization, it has 
lower cost and fewer associated complications, including 
vascular complications, making it an economically favorable 
strategy [Applegate 2013]. However, radial artery occlusion 
is the most common complication of transradial cardiac cath-
eterization, with an incidence rate of about 0.8–30%, and is 
attributed to acute thrombosis and intimal hyperplasia, due 
to vascular endothelial injury. Although arterial compres-
sion can achieve hemostasis, it causes blood flow blockage 
and thrombosis, eventually leading to arterial obstruction. 
Therefore, it is necessary to use adequate heparin and patent 
hemostasis measures to prevent this complication [Goswami 
2016]. The latter prevents bleeding at the puncture site, 
while maintaining the antegrade blood flow in the radial 
artery [Wagener 2015; Wilson 2017].

In recent years, chitin, a nitrogen-containing polysac-
charide, has been used as a medical dressing in innovative 
treatment practices. It can accelerate the healing of wounds 
and attract the negatively charged platelets in humans. 
Chitosan is a chitin derivative with many special biologi-
cal functions, and it is commonly used to produce chitin 
hemostatic patches, which are used as dressing materials. 
Research on chitosan nanoparticles revealed that it pro-
motes blood clot formation and shortens the time of blood 
loss. The relatively short fibrin and plasma clotting times, 
as well as the shortest whole blood clotting time associ-
ated with the use of chitin, may be due to the fact that it 
provides more contact probability when platelet concentra-
tion increases, which promotes platelet aggregation, accel-
erates the coagulation reaction, and also achieves a rapid 
hemostatic effect [Chen 2010]. Chitosan itself is a natu-
ral alkaline polysaccharide, and as a dressing material, it 
is expected to provide a moist wound environment, resist 
bacteria, and improve healing. In addition, solid chitosan 
can increase platelet adhesion, which is more conducive to 
hemostasis. It is considered an ideal material to promote 
wound healing and has become a newly-emerging medical 
dressing in recent years [Khan 2019; Yang 2008]. Chitin 
hemostatic dressing has been used in transmaxillary sinus 
dental surgery [Malmquist 2008], treatment after sinus sur-
gery [Athanasiadis 2009; Valentine 2010; Chung 2016], in 
other non-vital organs, for hemostasis of vascular access 
after kidney dialysis [Bachtell 2006; Suzuki 2013], and 
in patients with acute traumatic hemorrhage [Nct 2017]. 
Research has shown that the time to hemostasis can be 

reduced to < 5 min after using a chitin dressing, and a meta-
analysis on the use of chitin dressings after sinus surgery 
showed that chitin dressings can promote hemostasis and 
reduce adhesion [Zhou 2017].

Clinical trials have shown that the combination of pro-
fessional skills with the development of hemostatic con-
sumables will help improve the quality of care provided 
by medical teams. In recent years, this dressing has been 
applied to important vital organs, such as the heart and 
blood vessels. Randomized controlled trials (RCTs) involv-
ing the use of chitin dressings for patients after cardiac 
catheterization have investigated the time to hemostasis in 
the radial or femoral artery and the risk of vascular compli-
cations [Dai 2015; Arbel 2011; Kang 2017; Nguyen 2007; 
Roberts 2018], but the results have not been verified by 
a systematic literature review or meta-analysis. This study 
aimed to explore the effects of adding a chitin hemostatic 
patch on the time to arterial hemostasis and bleeding time, 
as well as on reducing the risk of bleeding and hematoma 
in patients receiving cardiac catheterization through a sys-
tematic literature review and empirical meta-analysis. The 
hypothesis of this study was that adding a chitin hemo-
static patch to the site of arterial puncture can significantly 
shorten the time to hemostasis and decrease the incidence 
of bleeding or hematoma complications in patients under-
going cardiac catheterization.

METHODS

Search strategy and selection criteria: 
For this meta-analysis, literature search and screening 

were carried out according to the standard process guide-
lines for meta-analysis proposed by Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
in 2009. A systematic literature search was conducted in the 
CINAHL, PubMed, The Cochrane Library, EMBASE, and 
Google Scholar databases with PICO keywords (Cardiac 
catheterization OR Percutaneous coronary intervention OR 
Coronary Artery Disease OR Percutaneous Coronary Revas-
cularizations) AND (chitin OR Chitosan) AND (Hemo-
stasis OR Stanch bleeding), and the reference lists of these 
studies manually were searched. The literature inclusion 
criteria were as follows: (1) the subjects should be patients 
who received transradial or transfemoral cardiac catheteriza-
tion; (2) the intervention measure should be adding a chitin 
hemostatic dressing at the radial or femoral artery puncture 
site; (3) the primary or secondary outcomes should include 
the time to arterial hemostasis and occurrence of vascular 
bleeding or hematoma events. Articles were excluded if the 
studies: (1) were not randomized controlled clinical trials, 
(2) involved animal trials, and (3) involved coronary stent-
ing. No limitation on years was set for the literature database 
search. (The systematic review was registered in PROSPERO 
(CRD42020166590). As a result, a total of five articles satis-
fied the standard literature searching and screening processes, 
which are as shown in Figure 1.
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Data extraction and synthesis: 
The first author, year, number of samples, basic attributes 

of patients, puncture site for cardiac catheterization, average 
dose of heparin, mean activated coagulation time (ACT), chitin 
dressing product, time to hemostasis, bleeding and hematoma 
events, and other reported study data were collected from 

the included studies. This meta-analysis mainly extracted the 
above results and further analyzed the time to hemostasis at 
the site of arterial puncture after a chitin hemostatic patch was 
used for the patients. The secondary outcomes analyzed were 
bleeding and hematoma events.

Quality assessment and statistical analysis: 
In this study, two independent reviewers (the first and second 

authors) commented on the research quality based on the second 
edition of the research deviation risk assessment method pub-
lished by the Cochrane Statistical Methods Group and if their 
opinions differed, the three authors would resolve them through 
discussion. The results of the time to hemostasis, bleeding time, 
and bleeding or hematoma events were extracted from published 
clinical trials and analyzed using Review Manager (RevMan) 5.4 
software (The Cochrane Collaboration’s software for preparing 
and maintaining Cochrane reviews). In this meta-analysis, there 
were data on time to hemostasis with different arterial puncture 
sites, chitin dressings, and study groups. Considering the hetero-
geneity of the research designs, the random effects model was 
adopted for data analysis to avoid underestimating the variability 
between treatments [Higgins 2003; Hwu 2014].

RESULTS

Review of literature screening results and research 
results in each article: 

A total of 20 articles were retrieved after the database 
search. Of these, 15 articles from different databases were 

Figure 1. Flow diagram of study searching and selection process

Table 1. Characteristics of the selected randomized controlled trials

Study Study design/Sample size Inclusion criteria Intervention and description Comparator arm(s) and description Outcome measured

Kang et al. 
2017

Open Label RCT (2:1) 
EG=59 CG=36

≥18y TRA Combination of Chitosan 
based pad and Compres-

sion devices

Compression devices alone Time to Hemostasis: 
Category ≤5min, 6-10min, 

11-20, >20min Vessel 
complication

Dai et al. 
2015

Open Label RCT (1:1) 
EG=300 CG=300

≥18y TRA Using a chitosan-based pad 
(Anscare, Daxon, Taoyuan, 
Taiwan) (CS group) con-

stant compression 10 min 
plus elastic bandage

Radial compression device (TR 
Band, Terumo Medical, Tokyo, 

Japan) (CD group) alone 8+8ml 
air sac

Time of Compression 
Bleeding Radial Artery 

Occlusion

Arbel et al. 
2011

Open Label RCT EG=70 
CG=66

18y-80y TFA The HemCon® pad (Hem-
Con Medical Technologies, 
USA) was applied manually 
for 5 minutes + pressure 

bandage

Regular pad was applied manu-
ally for 5 minutes plus pressure 

bandage

Time to hemostasis 
Category 5 min, 10 min, 

>15min Time to Hemostasis 
continued data Vascular 

complication

Nguyen et al. 
2007

RCT ChitoSeal EG=47 
CloSur EG=43 CG ACT 
250=45 CG ACT 170=49

TFA Chito-SealTM pad Clo-
SurPADTM pad both 

ACT<250

manual pressure ACT of 250 sec 
manual pressure ACT of 170 sec

Time to hemostasis Time 
to ambulation incidence of 
hemorrhagic complications

Amoozgar et 
al. 2020

RCT EG=30 CG=30 TFA <16Y/O Celox powder 2gm Manual pressure Time to Hemostasis Case 17.2 
± 6.7 Control 20.3 ± 13.6
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excluded as repeated studies (nine articles), literature review 
(one article), studies on drug-eluting stents (two articles), 
animal experiment (one article), and quasi-experimental study 
and poster publication (two articles). Finally, the remain-
ing five qualified articles were included in the evaluation of 
research quality. The research quality evaluation results of all 
clinical trials were consistent between the two reviewers. All 
the recruited cases in these studies received cardiac catheter-
ization. The study design included explicit inclusion (cardiac 
catheterization through radial or femoral artery puncture) 
and exclusion (abnormal coagulation function) criteria. The 
experimental group (EG), in which a chitin hemostatic patch 
(Anscare, HemCom, ChitoSeal, CloSur, or Celox Powder) 
was added to for hemostasis, and the control group (CG), 
which was treated by hand compression or radial artery 
compression device (TR Band), were compared to evaluate 

the arterial hemostatic effect, including the time to arterial 
hemostasis, bleeding time, and bleeding or hematoma events 
outcome variables. The overall basic attributes and interven-
tion measures of the studies are listed in Tables 1 and 2.

Time to hemostasis at the arterial puncture site:
 Review of the results of the five studies showed that 

Arbel et al. [Arbel 2011] and Nguyen et al. [Nguyen 2007] 
measured the continuous time to hemostasis at the arterial 
puncture sites and found that the time to hemostasis in the 
EG was significantly shorter than in the CG (mean=5.6±2.1, 
P < 0.001, ChitoSeal=16.2±4.9, CloSurPAD=16.0±5.3, P = 
0.005). However, in a study by Amoozgar et al. [Amoozgar 
2020], there was no significant difference in the time to arte-
rial hemostasis between the two groups (EG:17.2, CG:20.3, 
P = 0.77). Other studies classified the time to hemostasis as 

Table 2. Research data of the selected randomized controlled trials

Demographic data and procedure data Research outcome data

Author
Gender 
(n/%)

Age 
(M/SD)

BMI 
(M/SD)

Heparin
ACT 

(M/SD)
SBP 

(M/SD)
Time to Hemostasis (n/%)

Bleeding 
(n/%)

Hematoma 
(n/%)

Kang et al. 
2017

Male E37/ 
C27 Female 
E22/ C9

67±11.9 
66.0±9.7

25.8±3.4 
24.1±3.3

5000 IU 
bolus

- -

≤5[29(49.2%] 6-10[12(20.3%)]
11-20[10(16.9%)]>20[8(13.6%)]

≤5[1(2.8%)]6-10[8(22.2%)]
11-20[14(38.9%)]>20[13(36.1%)]

5(8.5%)
3(8.3%)

1 (1.7%)
1 (2.8%)

Dai et al. 
2015

Male E180/
C183 Female 
E120/C117

62.8±11.7 
63.2±11.2

30.0±4.2 
25.9±4.3

100 IU/ kg
254.5±26.3 
250.3±21

148±42 
143±35

Time of Compression 127.6±33
181.6±32.2

21 (7%) 
60 

(20%)

6 (3%) 
6 (3%)

Arbel et al. 
2011

Male E52/
C51 Female 
E18/C15

63.5±9.8 
61.8±9.4

28.1±4.0 
27.4±3.3

2500 IU
183.9±43.4 
178.3±34.2

134.2±15.3 
138.0±11.7

5.6±2.1 min(con)
5min[63(90%)]10min[5(7.10%)]

15min[2(2.90%)]
8.4±3.5min (P < 0.001)

5min[29(43.9%)]10min[28(42.4%)]
15min [9(13.6%)]

-
4 (6.6%)
9 (14.8%)

Nguyen et 
al. 2007

Male E63/
C76 Female 
E27/C18

64±12 
67±11 
65±11 
63±12

27.9±4.8 
29.5±5.5 
30.2±5.6 
30.4±7.0

-

211±35 
210±26 
208±36 
149±20

134±22 
139±24 
133±19 
130±20

Time to Hemostasis ChitoSeal 
16.2±4.9 CloSurPAD 16.0±5.3 

Time to Hemostasis CG ACT < 250 
19.3±7.8 CG ACT < 170 18.3±5.7

0%

6 (13) 
9 (21)
4 (9)
7 (14)

Amoozgar 
et al. 2020

Male E18/
C16 Female 
E12/C14

TFA 
<16Y/O

- 100 IU/ kg - -
Time to Hemostasis Case 17.2 ± 6.7 

Control 20.3 ± 13.6
- -

Table 3. Methodological Quality assessment of the included trails (Version 2 of the Cochrane risk-of-bias assessment tool)

Domains Kang et al. 2017 Dai et al. 2015 Arbel et al. 2011 Nguyen et al. 2007 Amoozgar et al. 2020

Bias arising from the randomization process Low risk Low risk Some concern Some concern Some concern

Bias due to deviations from intended interventions Low risk Low risk Low risk Low risk Low risk

Bias due to missing outcome data Low risk Low risk Low risk Low risk Low risk

Bias in measurement of the outcome Low risk Low risk Low risk Low risk Low risk

Bias in selection of the reported result Low risk Low risk Low risk Low risk Low risk

Overall bias Low risk Low risk Some concern Some concern Some concern



The Efficacy of Chitosan Hemostatic Pad on Hemostatic Function in Patients Undergoing Cardiac Catheterization: A Systematic Review and Meta-Analysis – Lin et al

E837© 2021 Forum Multimedia Publishing, LLC

categorical data. In a study by Kang et al. [Kang 2017], hemo-
stasis was achieved within 10 min in 69% of patients with 
a chitin hemostatic patch, compared with only 25% in the 
CG. In a study by Arbel et al. [Arbel 2011], hemostasis was 
achieved within 10 min in 97% of patients in the EG and 86% 
in the CG, with a statistically significant difference between 
the two groups.

Bleeding and hematoma events at the artery puncture site:
 Kang et al. [Kang 2017] showed that the incidence of 

bleeding events in the two groups was similar (EG:8.5%, 
CG:8.3%), while Dai et al. [Dai 2015] showed that the rela-
tive risk of bleeding events in EG was 47.5%, the absolute 
risk reduction was 9.5%, and the confidence interval was 
narrow, which showed that the research results were accurate.

In addition, regarding the incidence of hematoma events 
at the arterial puncture sites, the studies by Kang et al. [Kang 
2017] and Arbel et al. [Arbel 2011] showed that the rela-
tive risk of hematoma in EG was reduced by 39% and 58%, 

respectively; the absolute risk reduction in EG was 1.1% and 
7.9%, respectively. The results of these two clinical trials 
showed that although the relative and absolute risks of hema-
toma complications were reduced after adding a chitin hemo-
static patch at the site of arterial puncture for cardiac cath-
eterization, the confidence interval was wide and there was no 
significant difference; thus, the research results were not accu-
rate. However, the results of another study by Nguyen et al. 
[Nguyen 2007] were contrary to the above studies: The rela-
tive and absolute risks of hematoma in EG decreased (4.36% 
and 3.9%, respectively). In addition, in a study by Dai et al. 
[Dai 2015] because the number of cases enrolled (N = 300) and 
the number of hematoma events were the same (N = 6) in EG 
and CG, the risk of hematoma could not be compared. Thus, 
the above five clinical studies show that the time to hemostasis, 
bleeding time, and bleeding and hematoma complications after 
cardiac catheterization were not the same in patients with and 
without a chitin hemostatic patch and require meta-analysis.

Overall effect size of chitin hemostatic patch on arterial 
hemostatic function:

1. Overall effect of adding chitin hemostatic patch on 
time to hemostasis: 

Arbel et al. [Arbel 2011], Nguyen et al. [Nguyen 2007], 
and Amoozgar et al. [Amoozgar 2020] collected continuous 

Figure 2. Forest plot for the meta-analysis of time to Hemostasis (con-
tinue data)

Figure 3. Forest plot for the meta-analysis of bleeding time (categorical 
data)

Figure 4. Forest plot for the meta-analysis of bleeding event

Figure 5. Forest plot for the meta-analysis of hematoma events
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data on the time to hemostasis at arterial puncture sites, and 
according to our meta-analysis, the heterogeneity between 
the studies was high (I2 = 52%). The overall effect showed 
that the diamond was biased toward the EG with added chitin 
hemostatic patches, indicating that the time to hemostasis at 
arterial puncture sites was significantly reduced (Std. mean 
difference, -0.58; 95% CI, -0.89 to -0.28 , Z = 3.76, P < 
0.001). (Figure 2)

2. Grouped effect of adding a chitin hemostatic patch 
on the bleeding time: 

Among the five RCTs, only two studies, one by Kang 
et al. [Kang 2017] and another by Arbel et al. [Arbel 2011] 
analyzed the time to hemostasis (time to hemostasis, cat-
egorized into ≤5, 6 to 10, ≥11-20 or ≥20minutes). After 
regrouping the research data (categorized into ≤5, 6 to 
10, ≥11minutes), the results of the meta-analysis showed 
that the heterogeneity between the two studies was high, 
and the overall effect showed that the diamond was biased 
toward the EG, but the 95% confidence interval of RR 
(RR, 0.78; 95% CI, 0.28 to 2.15, Z = 0.48, P = 0.63) 
crossed 1 (the line of no effect), which showed that the 
time to hemostasis of patients in EG with a chitin hemo-
static patch at the arterial puncture site was not signifi-
cantly shortened. (Figure 3)

3. Results of bleeding risk reduction by adding chitin 
hemostatic patch: 

Only two of the included studies, one by Dai et al. [Dai 
2015] and another by Kang et al. [Kang 2017], collected data 
on vascular bleeding, and this meta-analysis showed moderate 
heterogeneity. The results of the analysis of arterial bleed-
ing events in the EG with a chitin hemostatic patch showed 
that the diamond of overall effect crossed the line of no effect 
(RR = 0.49; 95% CI, 0.19 to 1.28, Z = 1.46, P = 0.15). Thus, 
it revealed that adding a chitin hemostatic patch in the EG 
did not significantly reduce the risk of bleeding events after 
cardiac catheterization. The results of the meta-analysis are 
shown in Figure 4.

4. Results of hematoma risk reduction by adding a 
chitin hemostatic patch: 

All the studies included in the meta-analysis showed 
high homogeneity (I2 = 0%), but because only five stud-
ies were combined for analysis, the number of studies was 
insufficient, and it was impossible to confirm whether het-
erogeneity actually did not exist. In terms of arterial hema-
toma events when a chitin hemostatic patch was added in 
the EG, the analysis results showed that the diamond of 
overall effect crossed the line of no effect (RR = 0.73; 95% 
CI, 0.39 to 1.34, Z = 1.03, P = 0.31). Dividing the stud-
ies into transradial and transfemoral groups for sub-group 
analysis revealed that the effect size, as shown by the dia-
mond, was biased toward the EG, but it still crossed the 
line of no effect, showing that adding a chitin hemostatic 
patch did not significantly reduce hematoma formation at 
arterial puncture sites. The results of the meta-analysis are 
shown in Figure 5.

DISCUSSION

Effect of chitin hemostatic patches on arterial 
hemostasis: 

This meta-analysis explores the time to arterial hemosta-
sis after adding a chitin hemostatic patch post-cardiac cath-
eterization treatment through arterial puncture, which is 
widely applied clinically. The results showed that, in terms 
of the overall effect on the time to hemostasis after adding a 
chitin hemostatic patch, the diamond was biased toward the 
EG with added chitin hemostatic patches, and the time to 
hemostasis at arterial puncture sites was shortened by 2.8–3.1 
min (Std. mean difference, -0.58; 95% CI, -0.89 to -0.28 , 
Z = 3.76, P < 0.001), which is similar to the results of rapid 
hemostasis when chitin dressings were used in other medi-
cal applications [Athanasiadis 2009; Valentine 2010; Chung 
2016]. For example, research on hemostatic treatment after 
sinus surgery revealed that chitosan gel can achieve rapid 
hemostasis after injury, with an average time to hemostasis of 
2 min [Valentine 2010].

Moreover, in a study on hemostatic treatment after tooth 
extraction, all patients on oral anticoagulant treatment could 
achieve hemostatsis at the site of transmaxillary sinus dental 
surgery in < 1 min after applying a HemCon dental dressing 
[Malmquist 2008]. In addition, the average time to hemosta-
sis of the vascular access after kidney dialysis was 15–60 min, 
and when a HemCon bandage was used, hemostasis could be 
achieved within 2 min in 97.3% of kidney dialysis sessions, 
which reduced the long bleeding time at the puncture site and 
the use of vascular compression band, thus reducing thrombo-
sis [Bachtell 2006; Suzuki 2013]. Lastly, in 133 patients with 
acute scalp injury, hemostasis could be achieved in < 5 min 
(4.68±1.04 min) when using an Axiostat dressing [Nct 2017].

The subgroup analysis on arterial bleeding time showed 
that the number of patients in whom hemostasis took > 11 
min was significantly less in EG with added chitin hemo-
static patches than in CG, but EG did not show a signifi-
cant advantage in terms of the number of cases who achieved 
hemostasis within 5 min and those who achieved hemostasis 
between 6 min and 10 min. Because there were as few as only 
two articles included in the bleeding time analysis, the arte-
rial puncture sites also were different, and the meta-analysis 
showed high heterogeneity. Therefore, it needs to be verified 
in future studies.

Effect of chitin hemostatic patches on bleeding and 
hematoma risk reduction: 

Heparin is one of the most commonly used anticoagu-
lants, and its main purpose is to reduce the risk of thrombo-
sis in cardiac catheterization. However, research has shown 
that higher doses of heparin are associated with more bleed-
ing complications, and when activated clotting time, ACT 
approaches 365 s, the risk of bleeding increases linearly, 
which in turn increases the morbidity and mortality due 
to vascular complications [Lee 2015; Brener 2004]. In this 
meta-analysis, a chitin dressing was used for patients in EG, 
but it did not significantly reduce the incidence of bleeding 
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and hematoma. This might be related to the chitin dressing 
products used in the analyzed studies, because the molec-
ular weights of chitosan in the dressings used in the four 
studies [Dai 2015; Arbel 2011; Kang 2017; Nguyen 2007] 
were different, and the measures, such as the use of rotat-
ing compression devices and hand compression hemostasis, 
also were different. In addition, the dose of heparin varied 
from study to study. Kang et al. [Kang 2017] and Dai et al. 
[Dai 2015] used 5000IU direct injection or 100IU/Kg dose 
of heparin, while Arbel et al. [Arbel 2011] used a lower dose 
of heparin with an average of about 2500IU, and the ACT 
of all patients in the studies was < 250 s; thus, it could not be 
ascertained whether adding a chitin hemostatic dressing at 
the arterial puncture site in patients receiving cardiac cath-
eterization can effectively reduce arterial bleeding or hema-
toma. Therefore, further RCTs are needed to verify this.

Evaluation of research quality: 
The research quality of the literature included in the 

analysis was evaluated, according to the second edition of the 
research deviation risk assessment method published by the 
Cochrane Statistical Methods Group in 2019 [Sterne 2019]. 
The first dimension of this assessment analyzes the quality of 
the randomization process in the research. All the five articles 
were RCTs. However, Arbel et al. [Arbel 2011], Nguyen et 
al. [Nguyen 2007], and Amoozgar et al. [Amoozgar 2020] did 
not clearly explain whether their assignment sequences were 
blinded, which led to some doubts regarding the research 
quality. In addition to the blindness in the randomization 
method and grouping, the first aspect also emphasizes inter-
pretation of articles when there are differences in baseline 
values. The revision additionally requires that contingent 
baseline differences will not lead to deviation risk. For exam-
ple, the randomization process was not explained in the study 
by Nguyen et al. [Nguyen 2007], and there were significant 
gender differences among different groups. However, because 
the sample distribution ratio was close to the characteristics of 
the population, it was judged that there was no research bias, 
while the characteristics of patients were not significantly dif-
ferent between the two groups in the other studies.

The second dimension investigates whether deviation from 
the intervention measures creates bias. The second edition 
of the research deviation risk assessment method published 
by the Cochrane Statistical Methods Group mentions that 
if there is no deviation from the expected intervention due 
to the test environment, the deviation risk of an open-label 
trial may be low. Three studies were open-label trials, which 
showed that it was difficult to implement blindness because 
of the appearance (special color) of the chitin dressing used 
in patients undergoing cardiac catheterization. However, the 
hemostatic effect in patients is not affected by consciousness 
or human intervention, so the research risk assessment indi-
cated a low risk.

Further, the third dimension evaluates the errors caused 
by missing result data. The result data of all subjects were 
presented. The evidence showed that there was no error in 
the results, and the risk assessment was low risk. The fourth 
dimension measures the errors caused by the test results. 

All the studies investigated the arterial hemostatic func-
tion of chitin dressings, and their measurement indicators 
were time to hemostasis or events of vascular complications, 
which were in line with their operational definition. All the 
studies adopted a single-center design, and the study by Dai 
et al. [Dai 2015] had a single data collector. Although the 
assignment sequence was not blinded, it did not affect the 
judgment of the results, and the research was assessed as 
high quality. Finally, the fifth dimension evaluates the errors 
caused by selective reporting of test results. The study by 
Arbel et al. [Arbel 2011] used continuous data for the time 
to arterial hemostasis, and at the same time converted them 
to time categorial data at different time cut-off points, which 
was regarded as reasonable data analysis with low risk in 
research quality evaluation.

At last, the overall research risk assessment showed that 
the studies of Kang et al. [Kang 2017] and Dai et al. [Dai 
2015] both had low risk, while those of Arbel et al. [Arbel 
2011], Nguyen et al. [Nguyen 2007], and Amoozgar et 
al. [Amoozgar 2020] were rated as having some doubts in 
research quality because the articles do not specify whether 
the assignment sequence was blinded. The research quality 
risk assessment for the studies with doubts in research qual-
ity is shown in Table 3. (Table 3) This meta-analysis used the 
updated version of Cochrane risk-of-bias tool, and its assess-
ment results can provide reference.

CONCLUSIONS

Heparin is widely used in cardiac catheterization to 
prevent arterial obstruction caused by thrombi. Literature 
verification shows that non-occlusive hemostasis is an inde-
pendent predictor for preventing arterial obstruction in 
patients undergoing cardiac catheterization. Its purpose is 
to maintain antegrade blood flow in the radial artery and 
prevent bleeding at the puncture site. Therefore, the pri-
mary hemostatic function of chitin plays an important role 
after intravenous injection of a heparin bolus for cardiac 
catheterization. The results of this meta-analysis showed 
that in patients undergoing cardiac catheterization, adding 
a chitin hemostatic patch at the arterial puncture site, could 
significantly reduce the time to hemostasis to within 5 min. 
However, the subgroup analysis showed that there was no 
difference in grouped effect on bleeding time after adding 
a chitin hemostatic patch. At the same time, this measure 
did not significantly reduce the risk of hematoma or arte-
rial bleeding. However, the continuous improvement in the 
expertise of cardiologists, and the development of hemo-
static consumables for arterial puncture sites, can shorten 
the time to arterial hemostasis, help to reduce the vascu-
lar complications and consequent consumption of medical 
recourses, and improve the care quality of medical teams. 
Therefore, it is suggested that a clinical cost-benefit analy-
sis of this dressing should be carried out in the future so as 
to provide a reference for practical application selection.
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