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Abstract: Objective: To identify the risk factors for vascular complications after total cerebral angiography by trans-
radial access (TRA) in elderly cerebrovascular accident (CVA) patients and develop a predictive model. Methods: 
Data from 248 elderly CVA patients at Lianyungang Affiliated Hospital from December 2021 to March 2024 were 
retrospectively analyzed. The patients were divided into two groups: complicated (those with vascular complica-
tions) and non-complicated (those without vascular complications). Clinical data were collected and analyzed. Risk 
factors were identified using multifactorial logistic regression. Results: A total of 62 patients experienced vascular 
complications. Independent risk factors included intraoperative heparin dosage, number of radial artery punctures, 
timing of surgery, surgical time, mode of pressure hemostasis, duration of pressure hemostasis, and postoperative 
HAS-BLED (hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile interna-
tional normalized ratio, elderly, drugs/alcohol concomitantly) score (P<0.05). The nomogram model for predicting 
complications showed a good Hosmer-Lemeshow fit (χ2=2.099, P=0.978). Receiver operating characteristic analy-
sis revealed an area under the curve of 0.868 [95% confidence interval (CI) (0.800, 0.936)] for the training set and 
0.822 [95% CI (0.723, 0.921)] for the validation set. Decision curve analysis showed a net benefit >0 in both sets 
within certain risk thresholds. Conclusions: Vascular complications following total cerebral angiography by TRA in 
elderly CVA patients are associated with multiple factors. The nomogram model developed from these risk factors 
has significant predictive value. 
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Introduction

Acute cerebrovascular accident (CVA), com-
monly referred to as “stroke”, is a highly debili-
tating neurological disorder that represents a 
major public health threat [1]. It can be broadly 
categorized into ischemic and hemorrhagic 
types. Ischemic stroke occurs due to vascular 
embolism, obstructing blood supply to the 
brain, while hemorrhagic stroke results from 
blood vessel rupture, causing bleeding within 
brain tissue. The high morbidity, disability, and 
mortality rates associated with stroke are sig-
nificant global concerns [1].

Acute stroke is the second leading cause of 
death worldwide, affecting more than 15 million 
individuals annually. In the United States, it 
causes long-term disabilities in over 800,000 
people, imposing an economic burden of app- 
roximately $46 billion annually [2]. In China, the 
2019 Global Burden of Disease Study reported 
3.94 million new stroke cases, 28.76 million 
prevalent cases, and 2.19 million stroke-relat-
ed deaths [3]. These alarming statistics under-
score the urgent need for effective prevention, 
diagnosis, and treatment strategies.

In cerebrovascular interventions, the choice  
of access route is critical. Initially, trans-radial 
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access (TRA) was less commonly used com-
pared to trans-femoral access (TFA) due to an- 
atomic and technical challenges, such as the 
smaller diameter of the radial artery, its tortu-
ous path, the complexity of selective intuba-
tion, and limited catheter flexibility. However, 
with advancements in medical technology, par-
ticularly the development of more durable and 
flexible catheters, TRA has become more wide-
ly adopted in neurological interventions. TRA 
has demonstrated advantages, such as re- 
duced mortality, morbidity, and access site 
complications [4-7]. Additionally, it is associat-
ed with lower hospitalization costs and shor- 
ter stays, while significantly improving patient 
satisfaction.

Several studies have compared the therapeutic 
efficacy of TFA and TRA in mechanical resec-
tion for acute ischemic stroke, consistently 
showing that TRA effectively reduces the inci-
dence of vascular complications at the access 
site without compromising clinical outcomes or 
surgical results [8-13]. As a result, TRA has 
become an increasingly preferred approach in 
cerebrovascular interventions.

Total cerebral angiography using TRA is a  
valuable diagnostic procedure in elderly CVA 
patients, offering detailed insight into the cere-
bral arterial vasculature and the severity of 
injury [14, 15]. However, as an invasive proce-
dure, it carries inherent risks of complications 
related to the access site. These complications 
may include radial artery spasm, radial ar- 
tery occlusion, hematoma, pseudoaneurysm, 
or even neurological injury. Such complications 
can cause bleeding, significant pain, and dis-
comfort, which may adversely affect the pa- 
tient’s prognosis and quality of life.

Despite the growing use of TRA in cerebrovas-
cular interventions, there remains a lack of 
comprehensive understanding regarding the 
specific risk factors for vascular complications 
in elderly CVA patients undergoing total cere-
bral angiography. Furthermore, there is a need 
for reliable risk prediction models that can help 
clinicians identify high-risk patients in advance. 
These models would enable the implementa-
tion of preventive measures and personalized 
treatment plans, ultimately reducing vascular 
complications and improving patient outcome. 
This knowledge gap and the clinical need for 
better risk assessment tools motivated this 
study.

Our study aims to systematically investigate the 
risk factors for vascular complications in elder-
ly CVA patients following total cerebral angiog-
raphy by TRA. Additionally, we aim to construct 
a risk prediction model to identify key fac- 
tors contributing to vascular complications. By 
doing so, we hope to reduce the incidence of 
such complications in elderly CVA patients 
undergoing TRA angiography, providing a refer-
ence for more standardized and reasonable 
clinical treatment plans, and ultimately improv-
ing patient management.

Materials and methods

Research design

The flowchart of this study outlines the process 
used to analyze the risk factors associated with 
elderly patients who have experienced a CVA 
after total cerebral angiography by TRA. It also 
details the development of a risk prediction 
model, its subsequent validation, and the as- 
sessment of the results in elderly CVA patients. 
This is presented in Figure 1.

Case selection

A total of 248 elderly CVA patients who were 
admitted to Lianyungang Affiliated Hospital of 
Nanjing University of Chinese Medicine from 
December 2021 to March 2024 were retro-
spectively selected for this study.

Inclusion Criteria [16]: All patients met the diag-
nostic criteria for CVA. Patients were aged ≥60 
years.

Exclusion criteria: (1) Patients with impaired 
consciousness. (2) Patients with vasculitis, ce- 
rebral embolism, or other non-atherosclerotic 
diseases. (3) Patients with liver or kidney dys-
function, or malignant tumors. (4) Patients with 
incomplete follow-up data or unavailable clini-
cal information. (5) Patients who withdrew from 
the study or had poor adherence. (6) Patients 
who had craniocerebral trauma within the last 
three months.

This study was approved by the Ethics Com- 
mittee of Lianyungang Affiliated Hospital of 
Nanjing University of Chinese Medicine.

Diagnostic Criteria for Vascular Complications 
[15]: (1) The appearance of a dark red or red 
bloody mass under the skin at the puncture 
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Figure 1. Flow chart of risk factor analysis. CVA: cerebrovascular accident; 
TRA: trans-radial access; ROC: receiver operating characteristic; AUC: area 
under the curve.

site, which does not fade when pressed, ac- 
companied by pain, tenderness, or other local 
hematoma signs. (2) If the circumference of the 
operated limb is more than 5 mm larger than 
the preoperative limb, it indicates the occur-
rence of limb swelling. (3) Patients may experi-
ence concurrent vascular complications such 
as radial artery occlusion, radial artery spasm, 
or bleeding at the puncture site.

Within three days after total cerebral angiogra-
phy by TRA, patients were categorized into two 
groups based on the occurrence of vascular 
complications: the complicated group and the 
non-complicated group.

Intervening methods

During the TRA procedure, the patient was 
placed in a horizontal position, and local anes-
thesia was administered.

Puncture method: The punc-
ture site was selected appro- 
ximately two cm above the 
transverse carpal tunnel, and 
the radial artery was punc-
tured using Seldinger’s meth-
od [17]. After successful punc-
ture, a soft-tipped straight gui- 
dewire was inserted, the nee-
dle core was withdrawn, and a 
6F radial artery sheath was 
placed [18]. Heparin was then 
injected into the sheath at a 
dosage ranging from 50 IU/kg 
to 80 IU/kg. To prevent vaso-
spasm, 100 μg of nitroglycerin 
was injected into the sheath 
[15].

Cerebral angiography: A guide-
wire was used for aortic arch 
imaging. Then, a 5F Simon III 
contrast catheter was insert- 
ed under the guidance of a 
0.035-in guidewire. The cathe-
ter crossed the aortic arch and 
entered the descending aorta. 
After withdrawing the guide-
wire, the ultra-smooth guide-
wire catheter was pulled back, 
rotated, and shaped in the 
ascending aorta. The catheter 
was then rotated and retracted 

to identify the openings of arteries in the upper 
arch. Subsequently, the catheter was advanced 
into the right and left common carotid arteries 
for angiography of the internal carotid arteries. 
The catheter was further advanced into the left 
subclavian artery for left vertebral basilar artery 
angiography. Finally, the catheter was retracted 
from the right vertebral artery, where angiogra-
phy was performed. The vessel alignment and 
radiation source placement were determined, 
and based on vessel alignment and arterial 
lesions, the appropriate balloon and stent were 
selected. Stent placement was determined,  
the catheter was removed, and pressure was 
applied to stop bleeding after completing the 
TRA procedure.

Data collection and outcome measurement 

(1) The primary indicators included gender,  
age, intraoperative heparin dosage, number of 
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implanted stents, number of radial artery punc-
tures, timing of surgery, surgical time, mode  
of pressure hemostasis, duration of pressure 
hemostasis, and the postoperative hyperten-
sion, abnormal renal/liver function, stroke, 
bleeding history or predisposition, labile inter-
national normalized ratio, elderly, drugs/alco-
hol concomitantly (HAS-BLED) score.

Postoperative HAS-BLED score: This scoring 
system is used to assess the bleeding risk af- 
ter surgery. It incorporates factors such as 
hypertension, abnormal renal and liver func-
tion, stroke history, bleeding history or predis-
position, labile international normalized ratio, 
age over 65 years, and concomitant use of 
drugs or alcohol. A higher score indicates a 
greater bleeding risk and may be associated 
with vascular complications.

(2) The secondary indicators included body 
mass index (BMI), white blood cell count, hemo-
globin, platelet count, creatinine, total choles-
terol, and a history of smoking, alcohol con-
sumption, diabetes mellitus, hypertension, hy- 
perlipidemia, atrial fibrillation, or acute coro-
nary syndrome (ACS) type.

Statistical methods

The data were analyzed using SPSS 27.0 statis-
tical software. For counted data, the results 
were presented as relative frequencies, and for 
continuous data that followed a normal distri-
bution, the results were expressed as mean  
(
_
x±s, standard deviation). The chi-square test 

(χ2-test) was used for intergroup comparisons 
of counted data, while the independent sam-
ples t-test was used for comparisons between 
two groups of measured data. Multifactorial 
logistic regression analysis was conducted to 
identify the risk factors for vascular complica-
tions in elderly CVA patients after total cerebral 
angiography by TRA. Based on the results of 
multifactorial analysis, statistically significant 
data were split into a training set and a valida-
tion set in a 7:3 ratio, with sample sizes of 173 
and 75 cases, respectively. A nomogram model 
for predicting the risk of vascular complications 
in elderly CVA patients undergoing total cere-
bral angiography by TRA was constructed using 
R 4.2.2 software. The calibration curve was 
used to assess the goodness-of-fit of the nomo-
gram model. The receiver operating character-

istic (ROC) curve was employed to analyze the 
predictive value of the nomogram model for 
vascular complications in elderly CVA patients. 
A decision curve was plotted to evaluate the 
clinical validity of the nomogram model. A 
P-value of less than 0.05 was considered 
significant.

Results

Vascular complication profile

A total of 248 elderly patients who had suffered 
a CVA were enrolled in the study, with 62 
patients (25%) experiencing vascular complica-
tions. These complications included 11 cases 
of puncture-site bleeding, 9 cases of puncture-
site hematoma, 14 cases of upper extremity 
swelling, 16 cases of subcutaneous petechiae, 
and 12 cases of radial artery occlusion.

Comparison of general data

There were no statistically significant differenc-
es between the two groups in terms of gender, 
age, BMI, number of stents implanted, smoking 
history, alcohol consumption history, diabetes 
history, hypertension history, hyperlipidemia 
history, atrial fibrillation history, or ACS type  
history (all P>0.05). However, the intraopera-
tive heparin dosage in the complicated group 
was higher than in the non-complicated group. 
The proportion of patients with ≥3 radial artery 
punctures, emergency surgery, surgical dura-
tion ≥2 hours, use of an elastic compression 
bandage for hemostasis, duration of pressure 
hemostasis ≥4 hours, and postoperative HAS-
BLED score ≥3 were significantly higher in the 
complicated group compared to the non-com-
plicated group (all P<0.05), as shown in Table 
1.

Multifactorial logistic regression analysis of 
risk factors for vascular complications

The occurrence of vascular complications after 
total cerebral angiography by TRA in elderly CVA 
patients was treated as the dependent varia- 
ble (0= no complication, 1= complication). The 
items from Table 1 that showed statistically  
significant differences, including intraoperative 
heparin dosage, number of radial artery punc-
tures, timing of surgery, surgical time, mode of 
pressure hemostasis, duration of pressure he- 
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Table 1. Comparison of general data, univariate analysis

Variable Complicated 
group (n=62)

Non-complicated 
group (n=186) χ2 (t) P

Gender (male/female) 42/20 145/41 2.616 0.106
Age (

_
x±s) 71.34±8.21 72.30±8.26 0.801 0.424

BMI (Kg/m2) (
_
x±s) 21.68±2.46 21.73±2.59 0.125 0.901

Intraoperative heparin dosage (
_
x±s, IU) 4766±654 4086±897 5.496 <0.001

Number of implanted stents (
_
x±s) 1.82±0.67 1.80±0.69 0.213 0.832

History of smoking [n (%)] 25 (40.32) 78 (41.94) 0.050 0.823
Alcohol consumption [n (%)] 22 (32.48) 76 (40.86) 0.562 0.453
Diabetes mellitus [n (%)] 10 (16.13) 36 (19.35) 0.320 0.571
Hypertension [n (%)] 20 (32.26) 55 (29.56) 0.159 0.690
Hyperlipidaemia [n (%)] 14 (22.58) 35 (18.82) 0.415 0.519
Atrial fibrillation [n (%)] 26 (41.94) 77 (41.40) 0.006 0.941
White blood cell count (×10^9/L) 8.69±1.18 8.50±1.01 1.249 0.231
Hemoglobin (g/L) 153.93±6.47 154.24±5.33 0.373 0.709
Platelet count (×10^9/L) 125.04±12.71 122.21±11.63 1.616 0.107
Creatinine (μmol/L) 70.75±11.65 70.41±10.00 0.219 0.827
Total Cholesterol (mmol/L) 5.93±1.16 5.71±0.88 1.539 0.125
Type of ACS [n (%)] 5.523 0.063
    Unstable angina 15 (24.19) 74 (39.78)
    ST-segment elevation myocardial infarction 40 (64.52) 100 (53.76)
    Non-ST-segment elevation myocardial infarction 7 (11.29) 12 (6.45)
Timing of surgery [n (%)] 25.828 <0.001
    Emergency 42 (67.74) 58 (31.18)
    Schedule 20 (32.26) 128 (68.82)
Surgical time [n (%)] 10.240 0.006
    <1 h 7 (11.29) 26 (13.98)
    1-2 h 28 (45.16) 118 (63.44)
    ≥2 h 27 (43.55) 42 (22.58)
Mode of pressure hemostasis [n (%)] 18.727 <0.001
    Elastic compression bandage 24 (38.71) 25 (13.44)
    Pressure device 38 (61.29) 161 (86.56)
Duration of pressure hemostasis [n (%)] 6.549 0.010
    <4 h 41 (66.13) 152 (81.72)
    ≥4 h 21 (33.87) 34 (18.28)
Postoperative HAS-BLED bleeding score [n (%)] 6.930 0.008
    <3 47 (75.80) 166 (89.24)
    ≥3 15 (24.19) 20 (10.75)
Number of radial artery punctures 4.333 0.037
    <3 48 (77.42) 164 (88.17)
    ≥3 14 (22.58) 22 (11.83)
CVA: cerebrovascular accident; TRA: trans-radial access; BMI: body mass index; IU: international units; ACS: acute coronary syn-
drome; HAS-BLED: Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international 
normalized ratio, Elderly, Drugs/alcohol concomitantly.

mostasis, and postoperative HAS-BLED score, 
were selected as independent variables for the 
logistic regression analysis. The assignment 

details of each indicator are provided in Table 
2. The results showed that intraoperative hepa-
rin dosage (P<0.001), number of radial artery 
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Table 2. Assignment method
Variable Assignment
Intraoperative heparin dosage measured value
Number of radial artery punctures <3=0, ≥3=1
Timing of surgery 0= Schedule, 1= emergency
Surgical time <1 h= 0, 1 h-2 h=1, >2 h=2
Mode of pressure hemostasis 0= pressure device, 1= elastic compression bandage
Duration of pressure hemostasis <4 h=0, ≥4 h=1
Postoperative HAS-BLED bleeding score <3 scores =0, ≥3 scores =1
HAS-BLED: Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normal-
ized ratio, Elderly, Drugs/alcohol concomitantly.

Table 3. Multifactorial logistic regression analysis
Variable β SE Wald χ2 P OR 95% CI
Intraoperative heparin dosage 0.001 0.000 20.038 <0.001 1.001 (1.001, 1.002)
Number of radial artery punctures 1.239 0.512 5.861 0.015 3.452 (1.266, 9.414)
Timing of surgery 1.318 0.378 12.174 0.015 3.738 (1.782, 7.838)
Surgical time 0.971 0.306 10.054 0.002 2.641 (1.449, 4.814)
Mode of pressure hemostasis 1.400 0.425 10.849 <0.001 4.056 (1.763, 9.332)
Duration of pressure hemostasis 1.274 0.414 9.468 0.002 3.574 (1.588, 8.045)
Postoperative HAS-BLED bleeding score 1.418 0.492 8.326 0.004 4.130 (1.576, 10.824)
HAS-BLED: Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normal-
ized ratio, Elderly, Drugs/alcohol concomitantly; SE: standard error; OR: odds ratio; CI: confidence interval.

punctures (P=0.015), timing of surgery (P= 
0.015), surgical time (P=0.002), mode of pres-
sure hemostasis (P<0.001), duration of pres-
sure hemostasis (P=0.002), and postoperative 
HAS-BLED score (P=0.004) were independent 
risk factors for vascular complications after 
total cerebral angiography via TRA in elderly 
CVA patients (P<0.05). See Table 3.

Risk prediction nomogram model

Based on multifactorial logistic regression an- 
alysis, a nomogram model was constructed to 
predict the risk of vascular complications after 
total cerebral angiography by TRA in elderly  
CVA patients, as shown in Figure 2.

The results of the Hosmer-Lemeshow good-
ness-of-fit test indicated that the nomogram 
model exhibited a good fit (χ2=2.099, P=0.978), 
as shown in Figure 3A and 3B.

ROC curve analysis demonstrated that the area 
under the curve (AUC) for the nomogram model 
predicting vascular complications in elderly 
CVA patients undergoing cerebral angiography 
by TRA in the training set was 0.868 [95% con-

fidence interval (CI) (0.800, 0.936)], as shown 
in Figure 4A. For the validation set, the nomo-
gram model predicted an AUC of 0.822 [95% CI 
(0.723, 0.921)] for vascular complications after 
TRA in elderly CVA patients, as shown in Figure 
4B. Additionally, the study compared the pre-
dictive efficiency of the single index and the 
prediction model. The results showed that the 
AUC of the prediction model was higher than 
that of the single index, as shown in Figure 5.

The results of decision curve analysis showed 
that when the risk threshold for vascular com-
plications after total cerebral angiography by 
TRA in elderly CVA patients was predicted in  
the range of 8% to 87% for the training set, the 
net benefit rate was >0. Similarly, for the valida-
tion set, when the risk threshold was predicted 
in the range of 5% to 88%, the net benefit rate 
was >0, as shown in Figure 6.

Based on the established prediction model for 
vascular complications after cerebral angiogra-
phy by TRA in elderly CVA patients, both the 
training set and the validation set were validat-
ed and evaluated. As shown in Figure 7, for  
the training set’s confusion matrix, among the 
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Figure 2. Risk-predictive columnar graphical model of the risk of vascular complications in elderly patients with 
cerebrovascular accident (CVA) after total cerebral angiography by trans-radial access (TRA). HAS-BLED: Hyperten-
sion, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normalized ratio, 
Elderly, Drugs/alcohol concomitantly.

Figure 3. Training set and validation set calibration curves of elderly cerebrovascular accident (CVA) patients to 
vascular complications after whole brain angiography by trans-radial access (TRA). A: Training set; B: Validation set.

cases where vascular complications actually 
occurred (observed as 1), the model correctly 
predicted 25 cases as having complications 
and wrongly predicted 20 cases as not having 
complications. Among the cases where vascu-

lar complications did not occur (observed as 0), 
the model wrongly predicted 8 cases as having 
complications and correctly predicted 120 
cases as not having complications. For the vali-
dation set’s confusion matrix, among the cases 
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Figure 4. Training set and validation set receiver operating characteristic of elderly cerebrovascular accident (CVA) 
patients to vascular complications after whole brain angiography by trans-radial access (TRA). A: Training set; B: 
Validation set.

Figure 5. Receiver operating characteristic of predictive models versus risk factors alone for predicting vascular 
complications in elderly patients with cerebrovascular accident (CVA) after total cerebral angiography by trans-radial 
access (TRA). AUC: area under the curve.

Figure 6. Training set and validation set decision curves of elderly cerebrovascular accident (CVA) patients for vas-
cular complications after whole brain angiography by trans-radial access (TRA). A: Training set; B: Validation set.
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where vascular complications actually occurred 
(observed as 1), the model correctly predicted 
12 cases as having complications and wrongly 
predicted 5 cases as not having complications. 
Among the cases where vascular complications 
did not occur (observed as 0), the model wrong-
ly predicted 4 cases as having complications 
and correctly predicted 54 cases as not having 
complications.

Discussion

In this study, we found that the prevalence of 
vascular complications following total cerebral 
angiography by TRA in elderly CVA patients was 
25%. These complications typically manifested 
as hematomas, subcutaneous bruising, local-
ized limb pain, and radial artery occlusion. 
Several factors contributed to the occurrence 
of these complications.

Intraoperative heparin dosage was identified 
as a key factor [19]. Insufficient intraoperative 
anticoagulation may lead to radial artery occlu-
sion, which is the most common complication 
of radial artery access, with a reported preva-
lence ranging from 1% to 30% [20-24]. In our 
study, the heparin dosage in the complicated 
group was approximately 4,700 IU, compared 
to 4,000 IU in the non-complicated group. The 
Society of Cardiovascular Angiography and In- 
terventions recommends a minimum of 50 IU/
kg or 5,000 IU of heparin during radial artery 

access [25]. Multifactorial analysis indicated 
that intraoperative heparin dosage was an in- 
dependent risk factor. Thus, adjusting the hep-
arin dosage to 5,000 IU based on the patient’s 
condition during radial artery total cerebral 
angiography is essential for minimizing the risk 
of vascular complications [26].

In addition to heparin dosage, the number of 
radial artery punctures was also an indepen-
dent risk factor. Each additional puncture in- 
creased the risk of vascular complications by 
2.452-fold. Multiple punctures are associated 
with higher risks of complications, such as radi-
al artery occlusion, spasm, and loss of pulsa-
tion [27]. To improve access success, methods 
like subcutaneous injection of nitrates to dilate 
the radial artery can be used [28]. In our study, 
an intrathecal injection of 100 μg nitroglycerin 
was employed to mitigate puncture failure and 
reduce complication incidence.

The timing of surgery and surgical time also sig-
nificantly influenced the risk of vascular compli-
cations. The risk of complications was 3.738 
times higher in patients undergoing emergency 
total cerebral angiography by TRA compared to 
those undergoing elective procedures. Elective 
surgery in CVA patients was associated with 
lower perioperative mortality and fewer major 
cardiovascular events during the first nine 
months post-stroke, while emergency surgery 
increased the risk of these events [29]. Ade- 
quate preoperative observation and prepara-
tion are crucial for determining the optimal sur-
gical time and minimizing vascular complica-
tion risks [30].

Inexperience of the interventionalist and im- 
proper technique can result in longer surgical 
times, increased contrast use, and higher radi-
ation exposure. Our analysis showed that pro-
longed surgical time was an independent risk 
factor, with longer surgical times increasing the 
risk of vascular complications. Extended proce-
dures not only increase patient discomfort but 
also pose higher risks of adverse events due to 
prolonged exposure to invasive procedures and 
potential damage to the vascular endothelium.

The mode and duration of pressure hemosta-
sis, as well as the postoperative HAS-BLED 
bleeding score, were significant factors in the 
occurrence of vascular complications after to- 
tal cerebral angiography by TRA. A four-hour 

Figure 7. Confusion matrix for elderly cerebrovas-
cular accident (CVA) patients for vascular complica-
tions after total cerebral angiography by trans-radial 
access (TRA).
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cycle of intermittent deflation after radial artery 
puncture has been shown to reduce the inci-
dence of vascular complications at the punc-
ture site [31]. However, smaller radial arteries 
and longer hemostasis times in TRA compres-
sion occlusion can lead to a higher incidence of 
radial artery occlusion. This is likely due to com-
promised blood flow and increased pressure on 
the arterial wall during prolonged compression 
[32].

The HAS-BLED score, which assesses bleeding 
risk in atrial fibrillation patients on anticoagu-
lants [33], was also identified as an indepen-
dent risk factor in our study. A score of ≥3 indi-
cates a higher bleeding risk, and this score can 
help predict the likelihood of vascular complica-
tions following total cerebral angiography by 
TRA [34]. Clinicians can use this score to strati-
fy patients based on their bleeding risk and 
implement personalized preventive strategies, 
such as adjusting anticoagulation intensity or 
closely monitoring for bleeding signs.

A nomogram is a visualized clinical prediction 
model that provides a scientific basis for clini-
cal decision-making [35]. In this study, a nomo-
gram model was developed to predict the risk 
of vascular complications following total cere-
bral angiography by TRA in elderly CVA patients. 
Each risk factor was assigned a score on a 
scale of 0-100, and the total score was used to 
calculate the corresponding risk probability. 
The Hosmer-Lemeshow goodness-of-fit test 
showed a high degree of fit. ROC analysis 
revealed that the AUCs for the training set,  
validation set, and the prediction model were 
0.868, 0.822, and 0.856, respectively, indicat-
ing good predictive value. Decision curve analy-
sis suggested that the model was of practical 
value, with positive net benefits within certain 
risk thresholds. High accuracy, precision, recall, 
and F1-scores in both the training and valida-
tion sets further supported the model’s favor-
able predictive efficacy.

A major limitation of this study was the relative-
ly small sample size, which may have affected 
the accuracy and stability of the constructed 
predictive model. A small sample size may not 
fully represent the entire population of elderly 
CVA patients undergoing total cerebral angiog-
raphy by TRA, possibly introducing biases in the 
identification of risk factors and the perfor-

mance of the predictive model. Additionally, the 
single-center nature of the study could have led 
to selection biases, as the patient population in 
one center may not be fully representative of 
the broader population.

In the future, multi-center joint clinical studies 
should be conducted to significantly expand  
the sample size and include a more diverse 
patient population. By integrating diverse data 
from multiple centers, the generalizability of 
the results can be improved, enabling construc-
tion of a more accurate, stable, and clinically 
relevant prediction model. This model could 
better guide clinical decision-making, such as 
optimizing surgical procedures, adjusting anti-
coagulant dosages, and improving hemostasis 
methods, ultimately reducing the incidence of 
vascular complications in elderly CVA patients 
undergoing total cerebral angiography by TRA. 
Furthermore, future studies could explore the 
potential interactions between different risk 
factors and their combined effect on vascular 
complications, providing deeper insight into the 
underlying mechanisms and leading to more 
effective preventive strategies.

In conclusion, vascular complications after to- 
tal cerebral angiography by TRA in elderly CVA 
patients are associated with factors such as 
intraoperative heparin dosage, number of radi-
al artery punctures, timing of surgery, surgical 
time, the mode of pressure hemostasis, and 
postoperative HAS-BLED bleeding score. The 
nomogram model developed based on these 
risk factors demonstrated excellent predictive 
ability for vascular complications after TRA 
cerebral angiography in elderly CVA patients. 
This model exhibits a high degree of goodness-
of-fit, strong predictive value, practical signifi-
cance, and high-precision metrics, making it  
a valuable tool for guiding clinical decision- 
making.
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