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This study aimed to identify the risk factors associated with puncture site bleeding following percutaneous
puncture of the common femoral artery during interventional treatment of cerebrovascular disease (CVD).
A retrospective analysis was conducted on 710 patients who underwent interventional treatment for CVD
via femoral artery puncture. Among them, 26 individuals (3.66%) experienced bleeding at the femoral
artery puncture site. Binary logistic regression analysis was performed to identify risk factors for puncture
site bleeding. The impact of salt bag compression on postoperative bleeding was evaluated in patients with
intermediate to high bleeding risk scores. The bleeding group showed higher blood pressure, lower platelet
counts, longer prothrombin time and activated partial thromboplastin time, as well as a higher prevalence of
larger vascular sheath sizes and variations in the timing of anti-coagulant and anti-platelet therapy
administration. The bleeding risk score was higher in the bleeding group, indicating its predictive value for
bleeding risk. Higher bleeding risk score, unstable blood pressure, repeated puncture, and serious
vascular conditions were significant risk factors for puncture site bleeding. Application of salt bag
compression for a duration of 2 hours reduced postoperative puncture site bleeding in patients with
intermediate to high bleeding risk scores. Our study identified several significant risk factors for puncture
site bleeding after cerebral vascular intervention via femoral artery puncture, including the bleeding risk
score, blood pressure, repeated puncture, and vascular conditions. Implementing salt bag compression as
a preventive measure can help mitigate bleeding complications in these high-risk patients.
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Introduction

Cerebrovascular diseases (CVD) encompass a range of
conditions affecting the blood vessels that supply the brain
and are a leading cause of death and neurologic disability
(Winkler et al. 2022). Ischemic stroke, hemorrhagic stroke,
and transient ischemic attack (TIA) are common forms of
CVD (Oliveira and Sampaio Rocha-Filho 2019; Johnston et
al. 2021). CVD is a significant contributor to cognitive
impairment and dementia, particularly among the elderly
population (Koueik et al. 2023). Interventional treatments,

such as thrombolysis (Faizy et al. 2023), angioplasty
(Kellogg et al. 1998), stent implantation (Wang et al. 2020),
embolization (Raymond et al. 2023), and aneurysm clipping
(Eun and Park 2023), have emerged as essential options for
managing CVD. These procedures, typically performed
under local anesthesia, offer advantages over traditional
surgical methods, including shorter hospital stays, faster
recovery times, and reduced complications. Interventional
treatment is often considered as a first-line approach for
stroke patients who are ineligible for thrombolytic therapy
or have failed other treatment modalities (Higashida 2005;
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Marto et al. 2022).

Among the different routes for interventional proce-
dures, femoral artery puncture is commonly the preferred
due to its high success rate, thick and straight structure, and
relative stability, compared to the radial artery puncture
which is less invasive but more prone to spasm and rupture
(Chen et al. 2021). The percutancous puncture of the com-
mon femoral artery is widely used across various medical
fields, including vascular surgery, cardiology, interventional
radiology, and neuroradiology (Uhl et al. 2022). To mini-
mize access site complications during femoral artery punc-
ture, the recommended puncture site is typically located
between the common femoral artery bifurcation and 1-2 cm
below the inguinal ligament (Kim et al. 2018). Minimally
invasive interventional treatments for CVD often involve
catheter insertion through the groin into the femoral artery,
providing access to the brain without the need for open sur-
gery (Uno et al. 2023), which is particularly advantageous
in the treatment of acute ischemic stroke where time is criti-
cal for the removal of blood clots obstructing cerebral blood
flow (Kobayashi et al. 2022).

Nevertheless, femoral artery puncture carries the risk
of bleeding at the puncture site (Chisci et al. 2011).
Puncture site bleeding, as one of the femoral access site
complications, can have severe consequences such as pro-
longed hospitalization, increased medical costs, and higher
mortality rates (Ozono et al. 2020; Akioka et al. 2022).
Therefore, the prevention of puncture site bleeding is crucial
to enhance the safety and effectiveness of interventional
CVD treatment. The purpose of this study is to identify risk
factors associated with puncture site bleeding after femoral
artery puncture during interventional treatment of CVD and
evaluate the effectiveness of a preventive strategy based on
these risk factors. The findings of this study have the poten-
tial to improve early diagnosis and treatment, prevent fur-
ther brain damage, and enhance outcomes for CVD patients.

Methods

Ethical statement

Research involving human participants, human mate-
rial, or human data, were performed in accordance with the
Declaration of Helsinki. This study was conducted with
approval from the ethics committees of Hunan Provincial
People’s Hospital (The First-Affiliated Hospital of Hunan
Normal University). Informed consent was waived due to
the study’s retrospective nature.

Participants

This retrospective study included a total of 710 CVD
patients who underwent interventional treatment via femo-
ral artery puncture consecutively at our hospital between
January 2018 and December 2022. The inclusion criteria
were as follows: 1) patients with CVD (such as stroke,
intracerebral hemorrhage, subarachnoid hemorrhage,
carotid artery stenosis/occlusion, cerebral arteriovenous
malformation, etc.) who underwent interventional surgery

via femoral artery puncture; 2) adult patients aged 18 years
or older; and 3) patients with complete clinical data. The
exclusion criteria were: 1) patients who did not meet the
age requirements of the study; and 2) patients with severe
renal insufficiency, cancer, severe infectious diseases, or
other conditions that could not tolerate surgery. All opera-
tors who performed the femoral artery punctures were sur-
geons from the same group within the Department of
Interventional Vascular Surgery. It is important to note that
these operators were equally experienced in interventions
involving femoral access. Out of the 710 patients, 26
(3.66%) experienced puncture site bleeding and were clas-
sified into the bleeding group, while 684 patients (96.34%)
did not experience bleeding and were classified into the
non-bleeding group. Puncture site bleeding was defined as
the occurrence of bleeding at the site of femoral artery
puncture, with a bleeding volume greater than 10 mL or the
presence of a subcutaneous hematoma. After the puncture
sheath removal, the doctor should manually press the punc-
ture point for 10-20 minutes according to the size of the
vascular sheath, and then change the elastic bandage to
press the puncture point.

Data collection

Data collection involved gathering general informa-
tion, including sex and age (in year), use of closure device,
time of limb immobilization (in hours), repeated puncture
(number of times), and sheath size (in French), and bleed-
ing risk score were collected for each patient. Body mass
index (BMI, calculated as weight in kilograms divided by
height in meters squared, kg/m?) was also recorded.
Vascular conditions were assessed using digital subtraction
angiography (DSA). Repeated puncture referred to the act
of performing multiple punctures into the femoral artery
during interventional treatment of cerebrovascular disease.
It indicated that the operators had to make more than one
attempt to access the femoral artery.

Risk score and factors for femoral artery puncture site
bleeding

A risk assessment tool designated by our hospital was
utilized for femoral artery puncture bleeding to evaluate the
possibility of bleeding after the procedure (Table 1). This
assessment involves evaluating two main factors: physio-
logical and coagulation factors. Physiological factors take
into account various aspects such as consciousness level,
age, systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) on the day of the procedure (mmHg), body
mass index (BMI), and local vascular condition.
Coagulation factors encompass parameters including
thromboelastography, prothrombin time (PT) in seconds,
activated partial thromboplastin time (APTT) in seconds,
international normalized ratio (INR), platelet count, and the
duration of anticoagulant or antiplatelet therapy in days.
Each factor is also assigned a score ranging from 0 to 3.
The total score obtained from adding up the individual
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Table 1. Risk score and factors for femoral artery puncture site bleeding.

Risk factors Evaluation Criteria 3 points 2 points 1 point 0 points
Altered mental status Altergd co psc1ousness/ag1ta- Alert Alert Alert
tion, inability to cooperate
Age (year) >70 65-69 60-64 <60
Preoperative BP SBP > 180 or SBP: 160-179 or SBP: 140-159 or SBP: < 140 or
Physical (mmHg) DBP>110 DBP: 100-109 DBP: 90-99 DBP: <90
factors BMI (kg/m?) >28 24-27.9 <18.5 18.6-23.9
History of lower limb arte- S -
Local Vascular rial disease; or intraoperative Deldr?sl nélssgeo(i sl(jiirssi)lri ) )
Conditions imaging showing femoral P P
. temperature changes
artery sclerosis/anomaly
Thromboelastography
(Comprehensive parame- <3.0 - - -
ter: =3.0 to 3.0)
PT (s) >30 23-29 18-22 <17
Soetigulatlon APTT (s) >70 56-69 47-55 <46
r
actons INR >25 2.0-2.49 1.60-1.99 <159
Platelets <50 51-75 76-99 >100
ﬁ?:ﬁggﬁ;lammmlp late- > 7 days 3-7 days <3 days None

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; PT, prothrombin time; APTT, activated partial

thromboplastin time; INR, international normalized ratio.

scores determines the risk level of post-puncture bleeding.
A total score of < 4 indicates a low risk, a score of 5-9 indi-
cates a moderate risk, and a score > 10 indicates a high risk
of bleeding.

Statistical analysis

Statistical analysis was conducted using SPSS version
20.0. Descriptive statistics were employed to analyze the
clinical characteristics of patients. Categorical variables
were compared using the * test and Fisher’s exact test (two-
sided). The distribution of continuous variables was
assessed using the 1-sample Kolmogorov-Smirnov and
Shapiro-Wilk tests. The Mann-Whitney U test was utilized
to compare two independent samples (presented as median
+ interquartile range, IQR) when the data did not follow a
normal distribution, while the t-test was used for normally
distributed data (presented as mean + standard deviation,
SD). Receiver operating characteristic (ROC) analysis was
performed to determine the diagnostic accuracy of the
bleeding risk score in identifying cases of bleeding at the
femoral artery puncture site. A binary logistic regression
model was constructed to account for potential confounding
factors related to postoperative puncture site bleeding. Odds
ratios (ORs) with 95% confidence intervals (Cls) were cal-
culated, and statistical significance was defined as P < 0.05.

Results

A comparison between the non-bleeding group and the
bleeding group in terms of various factors related to femoral
artery puncture site bleeding

As shown in Table 2, there was no significant differ-
ence in sex distribution (Fisher’s exact test, P = 0.359) or

average age (Independent #-test, P = 0.662). However, the
bleeding group had higher blood pressure, lower platelet
counts, and longer PT and APTT, all of which were statisti-
cally significant (Independent #-test, all P < 0.05), indicat-
ing that these factors were associated with a higher likeli-
hood of bleeding at the femoral artery puncture site. The
bleeding group also had a higher prevalence of larger sheath
sizes and a different timing of anticoagulant and antiplatelet
therapy administration, both of which were statistically sig-
nificant (* test, both P < 0.05). There were no significant
differences in the use of closure devices, duration of sheath
insertion, or post-procedural bed rest time between the two
groups (all P> 0.05).

Comparison of bleeding risk score between the bleeding
and non-bleeding groups

We conducted a comparison of bleeding risk scores
between the bleeding and non-bleeding groups. Our find-
ings revealed that the bleeding group exhibited higher
scores in various factors including preoperative blood pres-
sure, vascular conditions, PT, platelet count, as well as the
administration of anticoagulant and antiplatelet therapy (all
P < 0.05, Mann-Whitney U test, Fig. 1A). Notably, the
total score of the bleeding group (median: 10, IQR: 8-11)
was significantly higher than that of the non-bleeding group
(median: 4, IQR: 2-6, P < 0.001, Mann-Whitney U test).
Moreover, ROC analysis revealed that the total score exhib-
ited a diagnostic sensitivity of 84.62% and a specificity of
86.55% in accurately identifying cases of bleeding at the
femoral artery puncture site. To categorize patients into
bleeding or non-bleeding groups, a specified cut-off value
of 7.5 was employed as a threshold (Fig. 1B).
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Table 2. A comparison between the non-bleeding group and the bleeding group in terms of various factors related

to femoral artery puncture site bleeding.

Non-Bleeding Group (n =684)  Bleeding Group (n = 26) P
Sex

Male 332 (48.5%) 15 (57.7%)

Female 352 (51.5%) 11 (42.3%) 0.359
Age (years) 56.30 £ 13.94 54.58 £19.74 0.662
SBP (mmHg) 141.83 +20.65 176.85 +18.26 9.84E-17
DBP (mmHg) 81.19+11.39 90.04 £ 11.16 1.08E-04
BMI (kg/m?) 22.59 +£4.75 24.52+7.14 0.047
PT (s) 13.28 £4.21 15.9+3.38 0.002
APTT (s) 30.07 +£7.43 33.12+8.78 0.042
INR 1.12+0.55 1.16 £0.20 0.69
Platelets 258.65 +120.07 145.31 £ 81.02 1.49E-07
Sheath size

SF 506 (74.0%) 17 (65.4%)

6F 165 (24.1%) 5(19.2%)

7F 5(0.7%) 3 (11.5%)

8F 8 (1.2%) 1(3.8%) 4.00E-06
Anticoagulant and antiplatelet therapy

0 day 380 (55.6%) 8(30.8%)

1-2 days 160 (23.4%) 3 (11.5%)

3-7 days 59 (8.6%) 7 (26.9%)

> 7 days 85 (12.4%) 8(30.8%) 1.86E-04
Sheath time (h) 1.56 +0.66 1.75+0.85 0.167
Bed rest time (h) 12.07 £ 3.06 12.00 +2.94 0.909
Closure device used

Yes 140 (20.5%) 4 (15.4%)

No 544 (79.5%) 22 (84.6%) 0.628

Data are shown as n (%) or mean + SD. SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalized ratio.

Binary logistic regression analysis

The results of a univariate binary regression analysis
demonstrated that several factors were identified as risk fac-
tors for bleeding at the puncture site after cerebral vascular
intervention via femoral artery puncture. These factors
include the bleeding risk total score (OR = 1.773; 95% CI:
1.51-2.08, P =2.59E-12), SBP (OR = 1.094; 95% CI: 1.07-
1.12, P=3.46E-11), DBP (OR = 1.077; 95% CI: 1.04-1.12,
P = 2.04E-04), PT (OR = 1.057; 95% CI: 1.01-1.11, P =
0.015), and anticoagulant/antiplatelet therapy (3-7 days vs.
0 day: OR = 5.636; 95% CI: 1.97-16.12, P = 0.001; > 7
days vs. 0 day: OR = 4.471; 95% CI: 1.63-12.25, P =
0.004). Additionally, factors such as repeated puncture,
larger sheath sizes, and serious vascular conditions were
also identified as risk factors. These findings emphasize the
importance of considering these variables in a multivariable
binary regression analysis, which revealed that the bleeding
risk total score, SBP, repeated puncture, and vascular condi-
tions remained as significant risk factors for bleeding at the
puncture site after cerebral vascular intervention via femo-
ral artery puncture (Table 3).

Effect of salt bag compression on postoperative puncture
site bleeding in patients with intermediate to high bleeding
risk scores

We conducted an analysis to evaluate the impact of
salt bag compression on postoperative puncture site bleed-
ing in patients (n = 79) with intermediate to high bleeding
risk scores. Immediately after catheterization, a total of 75
patients with intermediate to high bleeding risk scores
underwent a 2-hour salt bag compression application. The
patient demographics included sex (male/female: 44/31),
sheath size (SF/6F/7F/8F: 70/4/0/1), duration of anticoagu-
lant and antiplatelet therapy (0 day/1-2 days/3-7 days/> 7
days: 14/30/17/14), closure device used (yes/no: 21/54),
age (60.60 + 13.39 years), SBP (149.21 + 20.25 mmHg),
DBP (83.80 = 10.97 mmHg), BMI (22.71 + 7.18 kg/m?), PT
(17.20 £ 7.37 seconds), APTT (30.89 + 7.05 seconds), INR
(1.13 £ 0.21), platelets (204.75 £+ 151.06) and sheath time
(1.17 £ 0.42 hours). The incidence of bleeding was 4.00%
in the salt bag compression group and 50.00% in the no salt
bag compression group, showing a significant difference (P
=0.019, Fig. 2). Importantly, no adverse effects or compli-
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Fig. 1. Risk score and factors for femoral artery puncture site bleeding.
A. The bleeding group demonstrated higher scores for preoperative blood pressure, vascular conditions, prothrombin time
(PT), platelet count, as well as the administration of anticoagulant and antiplatelet therapy compared to the non-bleeding
group. *P < 0.05. The data were presented as median =+ interquartile range (IQR) and calculated by Mann-Whitney U
test. B. Receiver operating characteristic (ROC) analysis demonstrated that the total score exhibited a diagnostic sensitivity
of 84.62% and a specificity of 86.55% in accurately identifying cases of bleeding at the femoral artery puncture site.

cations were observed in the patients who received salt bag
compression for postoperative puncture site bleeding.

Discussion

In this study, we aimed to investigate the risk factors
for puncture site bleeding after interventional treatment of
CVD via femoral artery puncture and explore potential pre-
ventive measures to reduce the incidence of bleeding com-
plications. As reported, the incidence of puncture site
bleeding varies widely among different studies, for exam-
ple, puncture site hemorrhage occurred in 15 patients
(5.9%) after neuroendovascular treatment (Tamari et al.
2021). Being consistently, our retrospective analysis of 710
patients who underwent interventional treatment for CVD
via CFA revealed that 26 patients (3.66%) experienced
femoral artery puncture site bleeding.

Advancements in stent technology have introduced
smaller sheath sizes, offering alternative approaches for
access and closure of the common femoral arteries (Lonn et
al. 2010). It is worth mentioning that the bleeding group in
our study had a higher prevalence of larger sheath sizes.
Larger sheath sizes have consistently been identified as a
risk factor for access site complications, including bleeding.
Prior studies have reported associations between sheath size
and access site complications, including bleeding. For
instance, Cantor et al. (2007) conducted a study in patients
with acute coronary syndrome undergoing early invasive
management and found that larger sheath sizes were signifi-
cantly associated with higher rates of access site bleeding,
non-coronary artery bypass graft-related thrombolysis in
myocardial infarction (TIMI) major bleeding, and transfu-
sion. Another randomized trial by Metz et al. (1997) dem-
onstrated fewer femoral access site complications with 6 F
sheaths compared to 7/8 F sheaths in percutaneous coronary
intervention (PCI) procedures. Additionally, Madden et al.
(2019) reported that percutaneous brachial artery access

was associated with a 10% complication rate, with an
increased risk of complications associated with increasing
sheath size. Collectively, these studies suggest that larger
sheath sizes pose a higher risk of access site complications,
including bleeding. The mechanisms underlying this asso-
ciation may involve increased vascular trauma, impaired
hemostasis, and the potential for more extensive tissue
damage during sheath removal.

Combined anticoagulant and antiplatelet therapy use
has been associated with increased bleeding risk (Tinkham
et al. 2020). In our study, the bleeding group had a different
timing of anticoagulant and antiplatelet therapy administra-
tion as compared to the non-bleeding group. In our study,
the bleeding group exhibited a different timing of anticoag-
ulant and antiplatelet therapy administration compared to
the non-bleeding group. Interestingly, our binary logistic
regression analysis did not identify anticoagulant and anti-
platelet therapy administration as a significant risk factor,
which contrasts some prior studies. For instance, a study of
31,836 patients who underwent neuroendovascular therapy
found that the use of antiplatelet drugs was associated with
a higher incidence of puncture site vascular complications,
including hemorrhagic complications (Sato et al. 2014b).
Conversely, Hwang et al. (2014, 2015) reported that triple
antiplatelet therapy in patients with high on-treatment plate-
let reactivity could lead to oozing at the femoral puncture
site or a local groin hematoma without any serious bleeding
complications. Another retrospective review conducted by
Tamari et al. (2021) involving 255 patients who underwent
endovascular treatment identified patients with an activated
clotting time of > 300 seconds before postoperative sheath
removal, those receiving triple antiplatelet therapy, or those
administered postoperative heparin as being at an increased
risk of puncture site hemorrhage. Furthermore, Sato et al.
(2014a) reported that postprocedural puncture site hemor-
rhage was common with carotid artery stenting and percu-
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Table 3. Univariate and multivariable binary regression analysis.
Univariate binary regression analysis ~ Multivariable binary regression analysis
P OR 95% CI P OR 95% CI
Sex 0.362 1.446 0.65-3.19
Age 0.542 0.992 0.97-1.02
Bleeding risk total score 2.59E-12 1.773 1.51-2.08 3.46E-11 1.094 1.07-1.12
Altered mental status 0.927 1.100 0.14-8.46
SBP 3.46E-11 1.094 1.07-1.12  4.76E-04 1.082 1.04-1.13
DBP 2.04E-04  1.077 1.04-1.12 0.109 1.060 0.99-1.14
BMI 0.587 1.100 0.78-1.55 0.128 1.103 0.97-1.25
PT 0.015 1.057 1.01-1.11 0.126 1.087 0.98-1.21
APTT 0.362 1.022 0.98-1.07
INR 0.697 1.104 0.67-1.82
Anticoagulant/Antiplatelet therapy
<3 days vs. 0 day 0.865 0.891 0.23-3.4 0.217 258 0.03-2.22
3-7 days vs. 0 day 0.001 5.636 1.97-16.12 0.954 1.067 0.12-9.55
> 7 days vs. 0 day 0.004 4.471 1.63-12.25 0.600 1.821 0.19-17.12
Repeated puncture (times)
1vs.0 4.57E-05 8.431 3.02-23.5 0.005 14.437 2.28-91.32
3vs.0 2.03E-06 24.525 6.55-91.82 0.002 32.105 3.4-302.92
4 vs.0 1.69E-07  44.963 10.8-187.16 0.030 32917 1.41-767.5
5vs.0 1.52E-04 33.722  5.46-208.23 0.017 225481  2.6-19,531.5
Sheath sizes
6F vs. 5F 0.842 0.902 0.33-2.48 0.229 317 0.05-2.06
7F vs. 5F 1.84E-04 17.859 3.94-80.9 0.259 9.267 0.19-442.71
8F vs. 5F 0.228 3.721 0.44-31.44 0.367 3.444 0.23-50.59
Duration of sheath insertion 0.169 1.437
Vascular Conditions
Bli;‘:é‘gzhvef If}glffs;‘ls pedis pulse or skin colortemperature 4o o5 9156 3412456 132E-04 83039  8.61-800.86
ggi‘;fr{goge lowet ;T;;IstfgiS;Zﬁifn%ylnv??:ﬁge MAgNE | S4E-04  6.612  249-1759 0007 19.691  2.22-174.49
Time of limb immobilization 0.908 0.992 0.86-1.14
Use of closure devices 0.529 0.706 0.24-2.08

OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; PT,
prothrombin time; APTT, activated partial thromboplastin time; INR, international normalized ratio.

taneous transluminal angioplasty, which was attributed to
intraoperative heparinization, preoperative administration
of multiple antiplatelet agents, and large sheath size. These
findings highlight both discrepancies and agreements with
prior studies, indicating the need for further investigation
into the relationship between anticoagulant and antiplatelet
therapy administration, and bleeding risk.

Our findings also suggested that the bleeding risk total
score, SBP, repeated puncture, and vascular conditions
remained significant risk factors for bleeding at the punc-
ture site. These findings highlight the importance of con-
sidering these variables when assessing the risk of bleeding
in patients undergoing cerebral vascular intervention via
femoral artery puncture. Similarly, Hackl et al. (2015)
revealed that age, procedure duration > 45 minutes, proce-
dures performed below the knee intervention, uncontrolled

hypertension, and impaired coagulation were risk factors
for puncture site complications (including bleeding) after
endovascular procedures in patients with peripheral arterial
disease. Increased vascular fragility and vascular lesions
caused by chronic hypertension exerted by elevated blood
pressure (Coutard and Osborne-Pellegrin 1991), and it
might be an explanation that arterial hypertension was inde-
pendently associated with the risk of access-site bleeding
(bleeds or hematomas arising from the site of vascular
access and those spreading from the access site to the adja-
cent tissues, i.e., from femoral artery puncture site to retro-
peritoneal space) occurring over 30 days following PCI
procedure (Ndrepepa et al. 2016).

Salt bag compression refers to the application of exter-
nal pressure using a salt bag or similar device at the site
where a medical procedure, such as a femoral artery punc-



Puncture Site Bleeding in Cerebral Vascular Intervention 115

P=0.019

=]
o
]

[2]
o
1

Number of patients
N S
T g

0-

T
Salt bag compression No salt bag compression

Ea Bleeding Ea Non bleeding

Fig. 2. Effect of salt bag compression on postoperative puncture
site bleeding in patients with intermediate to high bleeding
risk scores.

The data was compared using the Fisher’s exact test
(two-sided).

ture, was performed (King et al. 2008; Kordestani et al.
2012; Bakhshi et al. 2014). In this study, the application of
salt bag compression for a duration of 2 hours significantly
reduced the occurrence of postoperative puncture site
bleeding in patients with intermediate to high bleeding risk
scores. This finding is consistent with the study by
Christensen et al. (1998) where the use of a salt bag weigh-
ing between 2.3 to 4.5 kg on the femoral access site helped
decrease bleeding at the arteriotomy site. Additionally,
patients who were verbally instructed to keep their leg
straight and still had a significantly higher incidence of
bleeding compared to those who had a salt bag applied to
the femoral site (Hogan-Miller et al. 1995). These findings
collectively highlight that salt bag compression provides
external pressure, promoting hemostasis and minimizing
bleeding complications at the puncture site.

This study has several strengths that enhance its valid-
ity and contribute to the understanding of risk factors for
puncture site bleeding after cerebral vascular intervention
via femoral artery puncture. Firstly, the relatively large
sample size of 710 patients provides robust statistical power
and increases the generalizability of the findings to a
broader population. Additionally, the study employed a
comprehensive analysis approach, combining descriptive
statistics and binary logistic regression analysis, which
allows for a thorough exploration of the risk factors associ-
ated with bleeding. Moreover, the investigation of the
effect of salt bag compression on postoperative bleeding
provides valuable insights into practical management strate-
gies for patients with intermediate to high bleeding risk
scores. However, it is important to consider the limitations
of the study. The retrospective design introduces inherent
biases and potential limitations in data collection and analy-
sis, and the findings may be influenced by confounding fac-
tors and the accuracy of recorded information.
Furthermore, the evaluation of the effect of salt bag com-
pression was limited to a specific subgroup of patients,
which restricts the generalizability of the findings to the

entire population undergoing cerebral vascular intervention.

In conclusion, our study found that blood pressure,
platelet counts, PT, APTT, sheath sizes, and different timing
of anticoagulant and antiplatelet therapy administration
were associated with bleeding at the femoral artery punc-
ture site. The bleeding risk score was effective in predict-
ing bleeding risk, with higher scores observed in the bleed-
ing group. Salt bag compression for 2 hours significantly
reduced postoperative puncture site bleeding in patients
with intermediate to high bleeding risk scores. These find-
ings suggest the importance of considering these factors
and implementing preventive measures to reduce bleeding
complications.
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