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Abstract: Objective: This study is to investigate risk factors of intracranial hemorrhage and their effects on prognosis 
in patients with brain intracranial arteriovenous malformation (AVM) after interventional therapy. Methods: A total 
of 80 cases of brain AVM patients were admitted to our hospital and received interventional embolism treatment 
from December 2011 to July 2014. The patients all were confirmed by digital subtraction angiography. Risk fac-
tors of intracranial hemorrhage after interventional therapy were analyzed by multivariate analysis. The factors 
included age, sex, AVM diameter, vein drainage types, embolism area, etc. Meanwhile, the patients were followed 
up for 60 months after interventional embolism therapy, so as to assess the impact of related risk factors on prog-
nosis. Results: By logistic regression analysis, it was found that age, AVM diameter, AVM combined with aneurysm, 
embolism area and venous drainage types were related risk factors those could lead to intracranial hemorrhage. 
Meanwhile, it was identified by receiver operating characteristic curve that embolism area, AVM diameter and AVM 
combined with aneurysm were risk factors had considerable influence on prognosis while the diagnosis significance 
of age and venous drainage types was poor (P > 0.05). The survival curves of embolism area and AVM diameter on 
prognosis had been identified by Kaplan-Meier analysis and it showed that embolism area < 50% and AVM diam-
eter ≥ 3 cm had a better prognosis than embolism area ≥ 50% and AVM diameter < 3 cm (P < 0.05). Conclusions: 
A series of risk factors were related to intracranial hemorrhage and some of them had considerable influence on 
prognosis, which, could help to reduce the risk of intracranial hemorrhage and improve long-term survival rate.
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Introduction

Intracranial arteriovenous malformation (AVM) 
is a congenital disease caused by abnormal 
cerebral vascular growth, which, accounts for 
about 50% in brain vascular malformations [1]. 
The reported incidence of AVM intracranial 
hemorrhage is up to more than 70% [2]. Short 
circuit between arteriovenous due to the lack of 
the capillary network between brain arteriove-
nous, can cause cerebral hemodynamic disor-
der, thus inducing a variety of clinical symp-
toms. With the development of interventional 
devices and improvement of operation technol-
ogy, endovascular therapy has become an 
important part of clinical treatment for cerebral 
vascular malformation. 

These days, micro catheter technique and 
embolic material have improved rapidly, and 
the importance of interventional embolization 

for cerebral AVM has increased gradually. 
However, the defect that could not be ignored is 
the high risk complication of hemorrhage that 
occurs at early stage after interventional embo-
lization [3]. It is reported that the risk factors of 
cerebral AVM hemorrhage include combined 
aneurysm, deep venous drainage or individual 
venous drainage, the size of the AVM, ect [4, 5]. 
Therefore, a clear understanding of the risk fac-
tors of intracranial hemorrhage after cerebral 
AVM embolization can effectively help to per-
form preoperative evaluation and postopera-
tive nursing, prevent intracranial hemorrhage 
occurring and reduce complications.

In the present study, 80 cases of cerebral AVM 
patients were enrolled. The general clinical 
characteristics of patients such as brain arte-
riovenous malformations, imaging and treat-
ment were observed and the risk factors these 
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lead to intracranial hemorrhage after cerebral 
AVM endovascular embolization were analyzed, 
so as to provide theory basis and experience 
support for preventing cerebral AVM bleeding 
and reducing complications.

Materials and methods

Patients’ data

A total of 80 cases of patients who were diag-
nosed as cerebral AVM by cerebral angiography 
and admitted to our hospital from December 
2011 to July 2014 were enrolled in this study. 
They all were treated with interventional embo-
lism treatment. Among them, 47 cases were 
male and 33 cases were female. They aged 
from 30-70 years old, with an average of 50.72 
± 11.51 years old. 

Prior written and informed consent were 
obtained from every patient and the study was 
approved by the ethics review board of The 
Affiliated Hospital of Qingdao University.

Surgical method

Digital subtraction angiography (DSA) scan by 
femoral artery intubation was performed before 
operation in all the patients. Cerebral angiogra-
phy was carried out to make sure of the illness 
followed by selectively catheterization of micro 
catheter before embolization. Corresponding 
embolism agent was given for embolotherapy 
after angiography showed no obvious blood 
supply to normal brain tissue. Heparin with a 
dosage of 100 U/Kg was given after the intra-
operative catheter reached the lesion position. 
Postoperative neurologic examinations were 
carried after the recovery of the patients. And 
patients these were suspected with neurologi-
cal damage had taken MRI inspection in time.

Analyzed factors

Related indexes such as general data of the 
patients, characteristics of AVM and interven-
tional embolism process were taken as sus-
pected risk factors of hemorrhage after embo-
lism therapy. The specific factors included gen-
der, age, S-M grade, AVM diameter, embolism 
area (≥ 50% or < 50%), draining vein types and 
complicated aneurysms.

Prognosis evaluation

According to the results of imaging examination 
and the follow-up status, classification and sta-
tistics of related clinical data were performed. 
Meanwhile, the risk factors influencing progno-
sis and leading to intracranial hemorrhage after 
embolization were analyzed so as to make sure 
of the postoperative survival time.

Statistical analysis

All the statistical analyses were performed 
using SPSS version 18.0 (SPSS Inc, Chicago, IL, 
USA) for Windows. Independent samples t test 
was used and the measurement data were 
expressed as mean standard deviation (

_
X ± S). 

The chi-square test was used for categorical 
data and multivariate analysis was carried 
while there was statistical difference firstly ana-
lyzed with one-way ANOVA. Non conditional 
logistic regression analysis was performed to 
identify the effects of multi factors on progno-
sis. Receiver operating characteristic (ROC) 
curve was used to analyze the area under the 
curve so as to identify which factor had the 
greatest impact on intracranial hemorrhage. 

Table 1. Basic clinical characteristics of brain 
AVM patients
General information Clinical data
Sex
    Male 47
    Female 33
Age (years) 50.72 ± 11.51
AVM diameter
    < 3 cm 34
    ≥ 3 cm 46
AVM combined with aneurysm 26
S-M grading (cases)*
    I 11
    II 39
    III 19
    IV 9
    V 2
Embolism area
    ≥ 50% 15
    < 50% 65
Venous drainage types
    Superficial vein type 57
    Deep vein type 16
    Mixed type 7
Note: *S-M grading represents an abbreviation of 
Spetzler-Martin grading.
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Then Kaplan-Meier analysis was performed to 
analyze the effect of risk factors on survival 
curve after embolization. A P value less than 
0.05 was considered as statistically signi- 
ficant.

Results

Clinical characteristics of the patients

To carry symptomatic treatment, the general 
clinical characteristics of the patients were 
analyzed. The detailed information was shown 
in Table 1. Among the patients, 47 cases were 

lyzed. As shown in Figure 1, changes in brain 
AVM of preoperative, intraoperative and post-
operative were obvious. After interventional 
embolization, the malformation disappeared 
and there was no obvious drainage vein around. 
The result showed that curative effect of inter-
ventional embolization was very good.

Influence of related risk factors on hemor-
rhage after AVM embolization 

In order to identify the influence of related risk 
factors on bleeding after AVM embolization, 
logistic regression analysis was performed. 

Figure 1. MRI and DSA images of brain AVM patients before and after AVM embolization. A. Brain AVM lesion showed 
by MRI. B. AVM malformation in MRI image. C. Performance of AVM in DSA image preoperative. D. Intraoperative 
performance of brain AVM in DSA image in patient termed case 1. E. Intraoperative performance of brain AVM in 
DSA image in patient termed case 2. F. AVM malformation could not be found in DSA image after AVM embolization. 

Table 2. Multivariate logistic regression analysis of 
brain AVM hemorrhage risk factors

Variables Exp 
(B)

95% Exp (B)
P 

valueLower 
limit

Upper 
limit

Age 0.91 0.75 0.98 0.08
Sex 0.97 0.92 0.98 0.97
AVM diameter 0.09 0.07 1.25 0.05
AVM combined with aneurysm 12.7 8.4 21.9 0.01
Embolism area (≥ 26.4%) 0.26 0.07 6.98 0.04
Venous drainage types 1.36 3.65 32.5 0.26
S-M grading 6.34 3.65 34.8 0.63

male and 33 cases were female. The clinical 
manifestations were sudden intracranial 
hemorrhage, epilepsy, headache and so on. 
According to the S-M classification [6], 11 
cases were I grade, 39 cases were II grade, 
19 cases were III grade, 9 cases were IV 
grade and 2 cases were V grade. These 
results indicated that embolization therapy 
was suitable to the patients enrolled here.

Evaluation of curative effect

In order to evaluate the efficacy of surgery, 
preoperative, intra-operative and postoper-
ative imaging examination results were ana-
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Detailed information of the analyzing results 
was shown in Table 2. It was found that age, 
AVM diameter size, AVM combined with aneu-
rysm, embolism area and venous drainage 
types all had striking effect on intracranial 
hemorrhage after operation with statistical sig-
nificant difference (P < 0.05). However, sex and 
S-M classification had no explicit effect on 
intracranial hemorrhage (P > 0.05). We could 
argue that age, AVM diameter size, AVM with 
aneurysm, embolism area and venous drainage 
types were risk factors on bleeding after AVM 
embolization while sex and S-M classification 
were not.

ROC curve of related risk factors of hemor-
rhage after AVM embolization 

To analyze risk factors of intracranial hemor-
rhage caused by embolization, ROC curve was 
drawn using SPSS18.0 software and area 
under ROC curve (AUC) of related factors were 
calculated. The AUCs of embolism area, age, 
AVM diameter, AVM associated with aneurysms 
and draining vein types were 75.8%, 29.8%, 
72.8%, 76.5% and 32.6%. As shown in Figure 
2, according to the ratio of the measured area 
under the curve to AUC was 0.5. In conclusion, 
the result indicated the related risk factors of 
embolism area, AVM diameter and AVM associ-
ated with aneurysms had better diagnostic 
value for intracranial hemorrhage after emboli-

zation (P < 0.05), while age and venous drain-
age types had no diagnostic significance (P > 
0.05).

Effects of the risk factors of embolism area 
and AVM diameter on the prognosis

To identify which risk factor could affect prog-
nosis, the patients were followed up for a total 
time of 60 months. It showed that, among the 
intracranial hemorrhage related risk factors, 
embolism area and AVM diameter had consid-
erable influence. Related data was analyzed by 
Kaplan-Meier grade and survival curves of 
embolism area coupled with AVM diameter on 
prognosis were tested. Based on the results, 
we argued that embolism area < 50% and AVM 
diameter ≥ 3 cm had a better prognosis (P < 
0.05, Figure 3) than embolism area ≥ 50% and 
AVM diameter < 3 cm.

Discussion

It is reported that AVM classification and intra-
cranial hemorrhage associated risk factors 
have no significant relationship with thrombo-
embolic complications [7]. However, Debrun et 
al. [8] reported that the risk of post emboliza-
tion increased with the increase of AVM level in 
AVM patients after treatment. It is also found by 
multivariate analysis that intracranial hemor-
rhage after embolization is related with lesion 
size, complicated aneurysms and combined 
venous drainage. In this study, in cerebral AVM 
patients those underwent embolization, we 
found that age, AVM diameter, AVM combined 
with aneurysm, embolism area and venous 
drainage types were related risk factors those 
could leading to intracranial hemorrhage while 
sex and S-M classification had no clear effect. 
We consider that the reasons for this result 
might be as follows. Intracranial hemorrhage is 
apt to occur in old patients after embolization 
because vascular sclerosis is more serious in 
them, which, often resulting in luminal stenosis 
and increased perfusion pressure. Brain AVM 
diameter usually is small and without much 
venous drainage, however, the relative perfu-
sion pressure is rather high, which, is prone to 
induce haemorrhage. Different drainage loca-
tion, pattern and amount have different drain-
age resistance and perfusion pressure, which, 
have different bleeding risk probability. AVM 
combined with aneurysm as one of the risk fac-
tors that leading to intracranial hemorrhage 

Figure 2. ROC curve of related risk factors of hemor-
rhage after AVM embolization. The AUCs of embolism 
area, age, AVM diameter, AVM associated with aneu-
rysms and draining vein types were 75.8%, 29.8%, 
72.8%, 76.5% and 32.6%. Embolism area, AVM di-
ameter and AVM associated with aneurysms had 
better diagnostic value for intracranial hemorrhage 
after embolization, while age and venous drainage 
type had no diagnostic significance (P > 0.05).
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has already been reported [9]. Embolism area 
change can lead to blood flow redistribution, 
residual malformation and normal vessels 
around it would accept a large amount of blood 
filling, which, might lead to increased perfusion 
pressure after surgery [10].

It has been documented that AVM diameter, 
AVM combined with aneurysm and embolism 
area are not risk factors of intracranial hemor-
rhage after embolization [11-14]. However, in 
the present study, by drawing the ROC curves of 
age, AVM diameter, AVM combined with aneu-
rysm, embolism area and venous drainage 
types and further detailed analysis, it was 
found that AVM diameter, AVM combined with 
aneurysm and embolism area had better diag-
nostic significance. Among the intracranial 
hemorrhage related risk factors, after a 60 
months’ follow-up, it was found that embolism 
area and AVM diameter had considerable influ-
ence. After analyzing related data by Kaplan-
Meier and observing the survival curves of 
embolism area and AVM diameter on progno-
sis, it was shown that embolism area < 50% 
and AVM diameter ≥ 3 cm had a better progno-
sis than embolism area ≥ 50% and AVM diam-
eter < 3 cm. This indicated that an explicit 
understanding of the lesion size preoperative 
and accurate intraoperative embolization could 
effectively reduce operation complications and 
improve long-term survival rate.

To sum up, in this study, we found that age, 
AVM diameter, AVM combined with aneurysm, 

embolism area and venous drainage types 
were related risk factors those could lead to 
intracranial hemorrhage. Meanwhile, we found 
that AVM diameter and embolism area were 
risk factors those had considerable influence 
on prognosis. Therefore, an explicit under-
standing of the high risk group who are easy to 
occur intracranial hemorrhage after emboliza-
tion, and timely treatment to patients those 
with the aforementioned risk factors could 
greatly reduce morbidity and mortality rate. 
There were some shortcomings in this study. 
Firstly, the sample size was not big enough. 
Secondly, the reasons those could induce 
bleeding were too much and the relationships 
among them were too complicated, as a result, 
we did not analyze whether there was mutual 
correlation. 
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