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Introduction 
 
Subarachnoid hemorrhage (SAH) patients ac-
count for only a small fraction of total stroke pa-
tients, but nearly half of deaths in strokes are 
SAH patients (1, 2). SAH is estimated to have a 
global incidence of 6.67/100,000, and about 

500,000 people worldwide suffer from subarach-
noid hemorrhage every year, nearly two-thirds of 
the population are from low-income and middle-
income countries (3-5). Nearly 10.2% of patients 
will be admitted to hospital after 30 days, and the 

Abstract 
Background: We aimed to explore the treatment and safety of subarachnoid hemorrhage.  
Methods: A retrospective analysis was applied on 137 patients with subarachnoid hemorrhage treated in Bin-
zhou Central Hospital, Bingzhou, China from March 2015 to October 2018.  Seventy cases with interventional 
embolization of intracranial aneurysms were divided as the observation group, and 67 cases with craniotomy 
for aneurysm clipping were divided as the control group. The changes of immune globulins before and after 
surgery, CD4+, CD8+, NIHSS scores, BI scores, the total effective rate of subarachnoid hemorrhage, the total 
length of postoperative hospital stay and conditions of postoperative complications as well as 30-day survival 
were compared between the two groups.  
Results: The levels of Ig G, Ig M, Ig A, and CD4+ after surgery in the observation group were significantly 
lower than those before surgery (P<0.05), but significantly higher than those in the control group (P<0.05); the 
total time of postoperative hospitalization in the observation group was shorter than that in the control group 
(P<0.05). The incidence of intracranial infection and cerebral vasospasm in the observation group was signifi-
cantly lower than that in the control group (P<0.05). The NIHSS score of the observation group was signifi-
cantly lower than that of the control group (P<0.05), and the BI score was significantly higher than that of the 
control group (P<0.05). 
Conclusion: Patients with subarachnoid hemorrhage undergoing interventional embolization of aneurysms 
can reduce the impact on immune function, decrease the adverse reactions caused by treatments, shorten the 
length of hospital stay and fully improve the efficacy.  
 

   Keywords: Interventional embolization of aneurysms; Subarachnoid hemorrhage; Craniotomy; Clinical efficacy 
 

http://ijph.tums.ac.ir/


Zhao et al.: Immunology, Treatment and Public Health Aspects… 

 

Available at:    http://ijph.tums.ac.ir   674
                                                                                                            

30-day mortality is as high as 40% (6-9). Usually, 
35% of surviving patients have permanent disa-
bility, cognitive deficits, and some psychiatric 
symptoms after one-year suffering from SAH 
(10). 
The surgical treatment methods for SAH patients 
are mainly craniotomy for aneurysm clipping and 
interventional embolization of intracranial aneu-
rysms. Craniotomy for aneurysm clipping is more 
common than interventional embolization of in-
tracranial aneurysms and the recurrence rate is 
also lower. Interventional embolization of intra-
cranial aneurysms is used in treatment failure or 
recurrence of clipping (11-13). Aneurysm clip-
ping has advantages and disadvantages compared 
with interventional embolization of aneurysms, 
effects of repair of clipping are better, and the 
clinical effect of embolization is also better (14). 
The immune function of patients with aneurys-
mal subarachnoid hemorrhage, who have under-
gone craniotomy and clipping, has changed sig-
nificantly (15). Therefore, the recovery of post-
operative immune function can be observed by 
detecting the level of immune globulins of pa-
tients after the surgery. 
Therefore, we aimed to study the clinical efficacy 
and safety of interventional embolization of an-
eurysms and aneurysm clipping in the treatment 
of subarachnoid hemorrhage, to explore a better 
way in the treatment of subarachnoid hemor-
rhage and to provide clinical references. 
 

Materials and Methods 
 
Clinical Materials of Patients 
Overall, 137 patients with subarachnoid hemor-
rhage treated in Binzhou Central Hospital from 
March 2015 to October 2018 were selected. 
Among them, 70 cases of patients treated with 
interventional embolization of intracranial aneu-
rysms were regarded as the observation group, 
and 67 cases of patients treated with craniotomy 
for aneurysm clipping were regarded as the con-
trol group. In the observation group, there were 
47 male patients and 23 female patients, and the 
mean age was (48.8±13.7) years old. There were 

44 males and 23 females in the control group, 
with a mean age of (51.3±14.2) years.  
The study was approved by the Medical Ethics 
Committee and all patients were informed and 
signed an informed consent form. 
 
The Inclusion and Exclusion Criteria 
The inclusion criteria were as follows: According 
to imaging and pathology, SAH was diagnosed as 
the first onset; no relevant surgical treatments 
were performed before the study; clinical data 
were complete and can be followed up by tele-
phones. 
The exclusion criteria were as follows: Severe liv-
er and renal insufficiency, patients with other ma-
lignancies, patients with other severe cardiovas-
cular and cerebrovascular diseases, severely in-
flammatory patients, pregnant or nursing women, 
and patients with immune system defects. 
 
Main Instruments and Reagents 
Ig G protein, Ig M protein, Ig A protein ELISA 
kits (Shanghai Abcam Company, China, 
ab100547, ab137982, ab196263). 
 
Methods of Treatment 
Interventional embolization of aneurysms was 
performed on patients in the observation group. 
Angiography was performed under general anes-
thesia, and the size and position of aneurysms 
were confirmed, then interventional embolization 
was conducted with guglielmi detachable coiling 
(16). Craniotomy for aneurysm clipping was ap-
plied in patients of the control group. Angi-
ography was performed under general anesthesia, 
and the size and position of the aneurysms were 
confirmed. selected the appropriate position ac-
cording to the location of the aneurysms, found 
an aneurysm, temporarily blocked the proximal 
end of the aneurysm, and then aneurysm clipping 
was used to occlude the aneurysm (17). The same 
routine care was used in the two groups after 
surgery. 
 
Methods of Detection 
Five ml of fasting venous blood one day before 
surgery, one day after surgery and five days after 
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surgery of patients were respectively collected 
into blood-collection tube in the two groups, and 
centrifugation with 3000 rp/min was performed 
for 10 minutes. The serum was separated and 
then was collected and stored in a refrigerator at 
80°C. Flow cytometry was used to detect CD4+ 
and CD8+. ELISA was used to detect IgG, IgM 
and IgA concentrations. Set blank holes, standard 
holes, and sample holes to be tested. Standard 
holes were added with 50 μL of standard samples 
with different concentrations, samples to be test-
ed holes were added with 50 μL of samples to be 
tested, then incubated at 37 °C for 60 minutes, 
and washed. 100 μL of the enzyme-labeled anti-
body was added to each blank hole, standard hole 
and sample hole, the reaction hole was sealed 
with a sealing membrane, incubated at 37 °C for 
60 minutes, and washed. 100 μL of streptavidin 
solution was added to each hole and incubated at 
37 °C for 15 minutes, then 100 μL of TMB sub-
strate solution was added to each hole and incu-
bated at 37°C for 15 minutes, and 50 μL of stop-
ping solution was added to each hole. The OD 
value of each hole was measured at a wavelength 
of 450 nm, and a standard curve was drawn to 
get a linear regression equation. The OD value of 
the sample was substituted into the equation to 
calculate the concentration of the sample. 
 
Evaluation of Efficacy 
According to the patient's postoperative digital 
subtraction angiography, the Raymond classifica-
tion was used for evaluation of the effect. Com-
plete occlusion (no contrast agent was observed 
in the aneurysm); neck residual (contrast agent 
was observed in the aneurysm neck); partial oc-
clusion (Contrast agent was observed in the an-
eurysm cavity) (18). 
 
Complication assessment criteria 
After surgery, the patient developed focal neuro-
logical signs or deterioration of consciousness 
level, and the positive results of CSF bacterial 
culture were intracranial infection. Doppler ultra-
sound was performed, the average blood flow 
velocity of the middle cerebral artery >120 cm / 
s was cerebral vasospasm. CT imaging examina-

tion was performed, and any one of the below 
items meant hydrocephalus. IV ventricle width > 
20 mm; III ventricle width > 6 mm; bilateral pos-
terior nucleus spacing > 25 mm; bilateral lateral 
ventricle frontal tip spacing >45 mm. When the 
volume of intracranial hematoma in CT imaging 
examination exceeds the total amount of residual 
hematoma and excretion, it is considered as re-
bleeding. 
 
Follow-up 
Overall, 137 patients were followed up by tele-
phones, visits, etc., and the follow-up time was 30 
days, every five days after the 30-day postopera-
tive period. The follow-up deadline was Novem-
ber 2018. The overall survival is the time from 
the first day after surgery to the last follow-up or 
death. 
 
Observation Indicators 
Main outcome measures: Comparison of levels of 
Ig G, Ig M, Ig A one day before surgery, one day 
after surgery, and five days after surgery in the 
observation group and control group, postopera-
tive Raymond grading, Glasgow Prognosis Score, 
total effective rates of treatment, and the 30-day 
survival of the patients after treatment were 
counted. 
Secondary outcome measures: Clinical data of the 
two groups, total length of postoperative hospital 
stay, incidence of adverse reaction rate, and pre-
operative and postoperative NIHSS scores and 
BI scores. 
 
Statistical Analysis 
This study used SPSS 20.0 (Chicago SPSS co., 
LTD., USA) and GraphPad Prism 7 (San Diego 
Graphpad Software co., LTD., USA); the chi-
square test was used in the usage rate (%) of 
counting data, represented by x2; Fisher’s test was 
used when the number of samples was greater 
than or equal to 40 and the theoretical frequency 
was less than 1; measurement data were ex-
pressed by (Means±SEM); all measurement data 
were in accordance with normal distribution; in-
dependent sample t test was applied in compari-
son between the two groups; repeated variance 

http://ijph.tums.ac.ir/


Zhao et al.: Immunology, Treatment and Public Health Aspects… 

 

Available at:    http://ijph.tums.ac.ir   676
                                                                                                            

analysis was applied in comparison of three or 
more groups, indicated by F; patients' survival for 
30 days was analyzed by K-M survival; log-rank 
test was analyzed and P less than 0.05 was con-
sidered as statistically significant. 
 

Results 
 
Clinical Data of Patients 
There was no statistical difference between the 
observation group and the control group in gen-
der, age, BMI, past medical history (hypertension, 
diabetes, hyperlipidemia), smoking history, alco-
hol history, place of residence, white blood cells, 
red blood cells, urea nitrogen, creatinine, clinical 

symptoms (headache, disturbance of conscious-
ness, nausea and vomiting), Hunt-Hess classifica-
tion (Table 1). 
 
Levels of Ig G, Ig M, Ig A before and after 
Treatment of Patients in the Two Groups 
Levels of Ig G, Ig M, and Ig A 1 day after surgery 
in the observation group were significantly lower 
than those before surgery (P=0.070, P<0.001, 
P<0.001), and significantly higher than those in 
the control group (P=0.030, P<0.001, P<0.001). 
Levels of Ig G, Ig M, and Ig A 5 days after sur-
gery in the observation group were significantly 
higher than those in the control group (P=0.026, 
P<0.001, P<0.001) (Tables 2-4). 

 
Table 1: Clinical data of patients 

 
Variables Observation 

group(n=70) 
Control 

group(n=67) 
t/2 val-

ue 

P value 

Gender   0.033 0.855 
Male 47(67.14) 44(65.67) 
Female 23(32.86) 23(34.33) 
Age(yr) 48.8±13.7 51.3±14.2 1.049 0.296 
BMI(kg/m2) 22.15±1.82 22.04±1.97 0.340 0.735 
Past medical history     
Hypertension 19(27.14) 21(31.34) 0.292 0.589 
Diabetes 13(18.57) 12(17.91) 0.010 0.920 
Hyperlipidemia 8(11.43) 7(10.45) 0.034 0.854 
Smoking history   0.026 0.872 
Yes 26(37.14) 24(35.82) 
No 44(62.86) 43(54.18) 
Alcohol history   0.119 0.731 
Yes 16(22.86) 17(25.37) 
No 54(77.14) 50(74.63) 
Place of residence   0.143 0.705 
City 59(84.29) 58(86.57) 
Country 11(15.71) 9(13.43) 
White blood cells (×1012/L) 12.93±3.41 13.23±3.62 0.499 0.618 
Red blood cells(×1012/L) 4.67±0.93 4.45±0.88 1.421 0.158 

Urea nitrogen(mmol/L） 4.17±0.72 4.21±0.76 0.316 0.752 

Creatinine(μmol/L) 55.86±7.74 56.29±8.31 0.314 0.754 
Clinical symptoms     
Headache 47(67.14) 42(62.69) 0.299 0.585 
Disturbance of consciousness 28(32.86) 30(37.31) 0.320 0.572 
Nausea and vomiting 40(57.14) 35(52.24) 0.332 0.564 
Hunt-Hess classification   0.616 0.432 

≤Ⅲ level 48(68.57) 50(74.63) 

>Ⅲ level 22(31.43) 17(25.37) 

Note: BMI: Body Mass Index 
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Table 2: Ig G levels before and after treatment of patients in the two groups 

 

Groups Ig G(g/L) F P 
Before  
surgery 

One day after 
surgery 

Five days after 
surgery 

Observation 
group(n=70) 

11.36±5.11 9.63±4.37* 10.87±4.86# 3.331 <0.001 

Control group (n=67) 11.32±5.06 8.32±3.79* 9.14±4.07*# 13.946 <0.001 
T value 0.046 2.199 2.254   
P value 0.963 0.030 0.026   

Note: * indicates a difference compared with preoperative values (P < 0.05), and # indicates a difference compared 
with values at one day after surgery (P < 0.05) 

 
Table 3: Ig A levels before and after treatment of patients in the two groups 

 

Groups Ig A(g/L) F P 
Before  
surgery 

One day after 
surgery 

Five days after 
surgery 

Observation 
group(n=70) 

2.74±0.64 2.14±0.53* 2.58±0.57# 31.114 <0.001 

Control group(n=67) 2.68±0.61 1.53±0.32* 1.96±0.43*# 121.009 <0.001 
T value 0.561 8.111 7.163   
P value 0.576 <0.001 <0.001   

Note: * indicates a difference compared with preoperative values (P < 0.05), and # indicates a difference compared 
with values at one day after surgery (P < 0.05) 

 
Table 4: Ig M Levels Before and After Treatment of Patients in the Two Groups 

 

Groups Ig M(g/L) F P 
Before  
surgery 

One day  
after surgery 

Five days after 
surgery 

Observation group(n=70) 1.64±0.52 1.15±0.32* 1.58±0.47# 51.482 <0.001 
Control group(n=67) 1.67±0.56 0.94±0.27* 1.23±0.39*# 92.115 <0.001 
T value 0.046 2.199 2.254   
P value 0.963 0.030 0.026   

Note: * indicates a difference compared with preoperative values (P < 0.05), and # indicates a difference compared 
with values at one day after surgery (P < 0.05) 

 
CD4+, CD8+ levels before and after treat-
ment in both groups 
One day after surgery, the CD4+ level of the ob-
servation group was significantly lower than that 
of the control group (P<0.001), and significantly 
higher than that of the control group (P=0.146); 
the CD8+ level was significantly higher than that 
of the control group (P<0.001) and significantly 

lower than the control group (P=0.002). Five 
days after surgery, the CD4+ and CD8+ levels in 
the observation group were equivalent to those 
before surgery, and the CD4+ level was signifi-
cantly higher than that in the control group 
(P=0.002), but the CD8+ level was significantly 
lower than that in the control group (P=0.043) 
(Table 5 and 6). 
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Table 5: CD4+ levels before and after treatment in both groups 

 

Groups CD4+(%)   

Before  
surgery 

One day after 
surgery 

Five days after 
surgery 

F P 

Observation group(n=70) 42.14±9.52 34.64±7.88* 39.84±8.32# 25.906 <0.001 
Control group(n=67) 39.87±8.58 31.94±7.22* 35.27±8.14*# 21.765 <0.001 
t value 1.464 2.088 3.248   
P value 0.146 0.039 0.002   

Note: * vs Before surgery, P < 0.05; and # vs one day after surgery, P < 0.05 

 
Table 6: CD8+ levels before and after treatment in both groups 

 

Groups CD8+（%）   

Before  
surgery 

One day after 
surgery 

Five days after 
surgery 

F P 

Observation group(n=70) 31.27±8.22 35.75±7.35* 32.58±7.85# 12.562 <0.001 
Control group(n=67) 31.95±7.78 38.22±7.02* 35.23±7.33*# 24.602 <0.001 
t value 0.497 2.010 2.040   
P value 0.620 0.046 0.043   

Note: * vs before surgery, P < 0.05; and # vs one day after surgery, P < 0.05 

 
Comparison of postoperative efficacy evalua-
tion between the two groups 
We compared the postoperative efficacy evalua-
tion between the two groups and found no statis-
tical difference (Table 7). 
 
Comparison of the Total Length of Postoper-
ative Hospital Stay of Patients Between the 
Two Groups  
The total length of postoperative hospital stay in 
the observation group was found to be shorter 
than that of the control group, and there was a 
significant difference (P< 0.001).  
 
Comparison of Postoperative Complications 
of Patients Between the Two Groups  
The incidence rate of intracranial infection and 
cerebral vasospasm in the observation group was 
significantly lower than that in the control group 
(P<0.05). There was no significant difference in 
the incidence rate of hydrocephalus and rebleed-
ing between the observation group and the con-
trol group (Table 8). 
 

NIHSS score and BI score before and after 
treatment 
The observation group NIHSS score (7.24±2.24) 
and the control group NIHSS score (9.64±2.74) 
after treatment were significantly lower than 
those before treatment (P<0.001). The observa-
tion group BI score (68.26±9.37) and the control 
group BI score (61.58±7.49) after treatment was 
significantly lower than those before treatment 
(P<0.001). The NIHSS score of the observation 
group after treatment was significantly lower than 
that of the control group (P<0.001), and the BI 
score was significantly higher than that of the 
control group (P<0.001) (Fig. 1). 
 
The 30-day Survival of Patients after Surgery 
in the Two Groups  
In 30 days, 43 patients died and 94 survived, with 
a survival rate of 68.61%; in the observation 
group, 23 patients died and 47 patients survived, 
with a survival rate of 67.14%; in the control 
group, 19 patients died and 48 patients survived, 
with a survival rate of 71.64%. It was found that 
there was no statistical difference in 30-day sur-
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vival of patients between the two groups by plot- ting the K-M survival curve (Fig. 2).  
 

Table 7: Comparison of efficacy evaluation between the two groups 

 

 Observation group 
(n=70) 

Control group (n=67) Z value P value 

Complete occlusion 54 (77.14) 46 (68.66)  
 
1.006 

 
 
0.315 

Neck residual 12 (17.14) 18 (26.87) 
Partial occlusion 4 (5.72) 3 (4.47) 

 
Table 8: Comparison of postoperative complications of patients between the two groups 

 

Postoperative Complica-
tions 

Observation group 
(n=70) 

Control group 
(n=67) 

x2 value P value 

Intracranial infection 0(0) 8(11.94)  0.003 
Cerebral vasospasm 11(15.71) 20(29.85) 4.671 0.031 
Hydrocephalus 13(18.57) 9(13.43) 0.671 0.413 
Rebleeding 10(14.29) 7(10.45) 0.464 0.496 

 

 
 

Fig. 1: NIHSS score and BI score before and after treatment. A. There was no significant difference in NIHSS score 
between the two groups before treatment (t=0.487, P=0.627), and the observation group after treatment was signifi-
cantly lower after treatment than that before treatment (t=11.945, P < 0.001). The NIHSS score of the control group 

after treatment was significantly lower than that before treatment (t=8.365, P<0.001), and the NIHSS score of the 
observation group after treatment was significantly lower than that of the control group (t=5.624, P<0.001). B. 

There was no significant difference in the BI score between the two groups before treatment (t=0.477, P=0.714). 
The BI score of the observation group after treatment was significantly lower than that before treatment (t=28.635, 

P<0.001). The BI score of the control group after treatment was significantly lower than that before treatment 
(t=26.958, P<0.001). The BI score of observation group was significantly lower than the control group after treat-

ment (t=4.597, P<0.001). ***, P<0.001 
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Fig. 2: The 30-day Survival of Patients in the Two Groups 
A. Patients were followed up for 30 days, and the survival rate was 68.61%. B. The 30-day survival rate was 67.14% 
in the observation group and 71.64% in the control group. There was no statistical difference in the 30-day survival 

of the two groups (P=0.546) 

 

Discussion 
 
At present, some studies suggest that when pa-
tients develop SAH, peripheral immune cells are 
activated in damaged tissues and they enter the 
brain parenchyma to release inflammatory cyto-
kines, which immediately leads to neuroinflam-
mation and thus enlarges damage (19). Therefore, 
for SAH patients, if operative treatments can be 
performed as soon as possible after admission, 
they may obtain better recovery (20, 21). Inter-
ventional embolization is a mainly minimally in-
vasive surgery, with a high risk of arterial coagula-
tion, embolization and dissection (19). Aneurysm 
clipping needs a craniotomy surgery that may 
lead to some postoperative complications. Lai et 

al (22) used single factor and multivariate logistic 
regression analysis to investigate hypothetical risk 
factors to determine independent prognostic fac-
tors, and when the shape of aneurysms is irregu-
lar or more complex, it will also increase the inci-
dence rate of complications after aneurysm clip-
ping (23, 24). We compared the postoperative 
complications of patients in the two groups. The 
results may indicate that patients undergoing in-
terventional embolization are less likely to devel-
op intracranial infections and cerebral vasospasm 
than patients with aneurysm clipping. 
In this study, we also compared the levels of Ig 
G, Ig M, Ig A, CD4+ and CD8+ of patients in 
the two groups. We believe that this result mainly 
involves embolization, which only requires the 
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introduction of embolic agents from the blood 
vessels, but arterial embolization requires crani-
otomy; patients with interventional embolization 
have a greater probability of infection, therefore, 
the recovery time of immune function is longer 
than that of interventional embolization. Zhang 
et al (25) analyzed the difference in total hospital 
stay between unruptured aneurysms involved in 
curly occlusion and aneurysm clipping, and he 
revealed that the total hospital stay of unruptured 
aneurysms involved in curly occlusion was much 
shorter than that of aneurysm clipping, which 
was similar to our conclusion that patients with 
interventional embolization had shorter total 
hospital stay. After that, digital subtraction angi-
ography was performed, and Raymond grading 
was used to evaluate the efficacy of the patients. 
The results suggest that interventional emboliza-
tion has better efficacy on patients and is more 
suitable as the preferred treatment method for 
SAH patients. There was no difference in the 
one-year morbidity and death rate between clip-
ping and curly embolization (26). That research 
was longer than ours, which further supports our 
results that two surgeries have no impact on pa-
tients' survival. 
At present, with the development of medical 
technology, there are some new embolic materi-
als. Fiorella, et al (27) reported a new intracavitary 
implant such as a pinpeline embolization device 
(PED). Compared with the situation that tradi-
tional coil embolization often leads to incomplete 
occlusion or recanalization of aneurysms months 
after treatment, PED plays a role in shunting an-
eurysms and creating an environment conducive 
to thrombosis. Over time, the PED is incorpo-
rated into the vascular wall. At last, aneurysms 
are permanently excluded from the cerebrovascu-
lar systems and eventually rebuilds the diseased 
mother artery. 
In this article, we have not compared long-term 
efficacy and adverse reactions. We did not dis-
cuss the correlation between other corresponding 
clinical indicators and subarachnoid hemorrhage. 
This also needs to be discussed in subsequent 
trials. Finally, we do not know whether there are 
differences in the efficacy between new embolic 

materials such as PED and traditional embolic 
materials, so we hope to study the differences 
between them in future experiments. 
 

Conclusion 
 
Patients with subarachnoid hemorrhage undergo-
ing interventional embolization of aneurysms can 
reduce the impact on immune function, decrease 
the adverse reactions caused by treatments, 
shorten the length of hospitalization stay and ful-
ly improve the efficacy, compared with those un-
dergoing aneurysm clipping. But the impact of 
the two on the 30-day survival is indistinguisha-
ble. 
 

Ethical considerations  
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors.  
 

Acknowledgements  
 
No funding was received in this study.  
 

Conflict of interests 
 
The authors declare that there is no conflict of 
interest. 
 

References 
 

1. Muehlschlegel S (2018). Subarachnoid hemor-
rhage. Continuum (Minneap Minn), 24: 1623-
1657. 

2. Martinez-Perez R, Rayo N, Montivero A, Mura 
JM (2019). The "Brain Stress Timing" phe-
nomenon and other misinterpretations of 
randomized clinical trial on aneurysmal sub-
arachnoid hemorrhage. Neural Regen Res, 14: 
1364-1366. 

3. Hughes JD, Bond KM, Mekary RA, et al (2018). 
Estimating the global incidence of aneurysmal 
subarachnoid hemorrhage: a systematic re-

http://ijph.tums.ac.ir/
http://europepmc.org/search?query=JOURNAL:%22Continuum+%28Minneap+Minn%29%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Martinez-Perez+R%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Rayo+N%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Montivero+A%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Mura+JM%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Mura+JM%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Neural+Regen+Res%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Hughes+JD%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Bond+KM%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Mekary+RA%22&page=1&restrict=All+results


Zhao et al.: Immunology, Treatment and Public Health Aspects… 

 

Available at:    http://ijph.tums.ac.ir   682
                                                                                                            

view for central nervous system vascular le-
sions and meta-analysis of ruptured aneu-
rysms. World Neurosurg, 115: 430-447.e7. 

4. Kanamaru H, Suzuki H (2019). Potential thera-
peutic molecular targets for blood-brain barri-
er disruption after subarachnoid hemorrhage. 
Neural Regen Res, 14: 1138-1143. 

5. Gryn K, Schaffhauser-Linzatti MM, Sherif C 
(2019). Economic Comparison between 
Endovascular Coiling vs Neurosurgical Clip-
ping for Ruptured and Unruptured Intracra-
nial Aneurysms in Austria. Neurosurgery, 84: 
E272-E273. 

6. Fang Y, Chen S, Reis C, Zhang J (2018). The 
Role of Autophagy in Subarachnoid Hemor-
rhage: An Update. Curr Neuropharmacol, 16: 
1255-1266. 

7. Uozumi Y, Mizobe T, Miyamoto H, et al (2017). 
Decreased serum sodium levels predict symp-
tomatic vasospasm in patients with subarach-
noid hemorrhage. J Clin Neurosci, 46: 118-123. 

8. Rose MJ (2011). Aneurysmal subarachnoid 
hemorrhage: an update on the medical com-
plications and treatments strategies seen in 
these patients. Curr Opin Anaesthesiol, 24: 500-
507. 

9. Taufique Z, May T, Meyers E, et al (2016). Pre-
dictors of Poor Quality of Life 1 Year After 
Subarachnoid Hemorrhage. Neurosurgery, 78: 
256-264. 

10. Adeeb N, Griessenauer CJ, Moore J, Stapleton 
CJ, et al (2016). Pipeline embolization device 
for recurrent cerebral aneurysms after micro-
surgical clipping. World Neurosurg, 93: 341-345. 

11. Lindgren A, Turner EB, Sillekens T, et al (2019). 
Outcome after Clipping and Coiling for An-
eurysmal Subarachnoid Hemorrhage in Clini-
cal Practice in Europe, USA, and Australia. 
Neurosurgery, 84: 1019-1027. 

12. Kühn AL, de Macedo Rodrigues K, et al (2016). 
Use of the Pipeline embolization device for 
recurrent and residual cerebral aneurysms: a 
safety and efficacy analysis with short-term 
follow-up. J Neurointerv Surg, 9: 1208-1213. 

13. O'neill AH, Chandra RV, Lai LT (2016). Safety 
and effectiveness of microsurgical clipping, 
endovascular coiling, and stent assisted coiling 
for unruptured anterior communicating artery 
aneurysms: a systematic analysis of observa-
tional studies. J Neurointerv Surg, 9: 761-765. 

14. Zhou Y, Jiang Y, Peng Y, Zhang M (2017). The 

Quantitative and Functional Changes of 
Postoperative Peripheral Blood Immune Cell 
Subsets Relate to Prognosis of Patients with 
Subarachnoid Hemorrhage: A Preliminary 
Study. World Neurosurg, 108: 206-215. 

15. Smith G, Hoh BL, Albayram MS (2019). Anteri-
or spinal artery aneurysm presenting with spi-
nal subarachnoid hemorrhage in a case of 
polyarteritis nodosa. Clin Imaging, 56: 108-113. 

17. de Wilde A, Greebe P, Rinkel GJE, Algra A 
(2019). Stress in Patients With (Un)ruptured 
Intracranial Aneurysms vs. Population-Based 
Controls. Neurosurgery, 84: 1065-1071. 

18. Sanz-Garcia A, Perez-Romero M, Pastor J, et al 
(2019). Is it possible to extract intracranial 
pressure information based on the EEG ac-
tivity? Rev Neurol, 68: 375-383. 

19. Das KK, Singh S, Sharma P, et al (2017). Results 
of Proactive Surgical Clipping in Poor-Grade 
Aneurysmal Subarachnoid Hemorrhage: Pat-
tern of Recovery and Predictors of Outcome. 
World Neurosurg, 102: 561-570. 

20. Ji C, Chen G (2016). Signaling Pathway in Early 
Brain Injury after Subarachnoid Hemorrhage: 
News Update. Acta Neurochir Suppl, 121: 123-
126. 

21. Wu L, Chen G (2016). Signaling Pathway in Cer-
ebral Vasospasm after Subarachnoid Hemor-
rhage: News Update. Acta Neurochir Suppl, 
121: 161-165. 

22. Lai L T, O’Donnell J, Morgan M K (2013). The 
risk of seizures during the in-hospital admis-
sion for surgical or endovascular treatment of 
unruptured intracranial aneurysms. J Clin Neu-
rosci, 20: 1498-1502. 

23. Goertz L, Kasuya H, Hamisch C, et al (2018). 
Impact of aneurysm shape on morbidity after 
clipping of unruptured intracranial aneurysms. 
Acta Neurochir (Wien), 160: 2169-2176. 

24. Goertz L, Hamisch C, Telentschak S, et al 
(2018). Impact of Aneurysm Shape on In-
traoperative Rupture during Clipping of Rup-
tured Intracranial Aneurysms. World Neuro-
surg, 118: e806-e812. 

25. Zhang X, Tang H, Huang Q, Hong B, Xu Y, Liu 
J (2018). Total Hospital Costs and Length of 

16. Beckett JS, Duckwiler GR, Tateshima S, Szeder 
V, Jahan R, Gonzalez N, Vinuela F (2017). 
Coil embolization through the Marathon mi-
crocatheter: Advantages and pitfalls. Interv 
Neuroradiol, 23: 28-33. 

http://ijph.tums.ac.ir/
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Kanamaru+H%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Suzuki+H%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Neural+Regen+Res%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Gryn+K%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Schaffhauser-Linzatti+MM%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Sherif+C%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Neurosurgery%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Fang+Y%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Chen+S%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Reis+C%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Zhang+J%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Curr+Neuropharmacol%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Uozumi+Y%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Mizobe+T%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Miyamoto+H%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Ashida+N%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Clin+Neurosci%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Curr+Opin+Anaesthesiol%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Taufique+Z%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22May+T%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Meyers+E%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Neurosurgery%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Adeeb+N%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Griessenauer+CJ%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Moore+J%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Stapleton+CJ%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Stapleton+CJ%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Patel+AB%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Lindgren+A%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Turner+EB%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Sillekens+T%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Neurosurgery%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22K%C3%BChn+AL%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22de+Macedo+Rodrigues+K%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Neurointerv+Surg%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Neurointerv+Surg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Zhou+Y%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Jiang+Y%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Peng+Y%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Zhang+M%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Smith+G%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Hoh+BL%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Albayram+MS%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Clin+Imaging%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Beckett+JS%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Duckwiler+GR%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Tateshima+S%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Szeder+V%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Szeder+V%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Jahan+R%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Gonzalez+N%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Vinuela+F%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Interv+Neuroradiol%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Interv+Neuroradiol%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22de+Wilde+A%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Greebe+P%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Rinkel+GJE%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Algra+A%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Neurosurgery%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Sanz-Garcia+A%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Perez-Romero+M%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Pastor+J%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Rev+Neurol%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Das+KK%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Singh+S%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Sharma+P%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Ji+C%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Chen+G%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Acta+Neurochir+Suppl%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Wu+L%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Chen+G%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Acta+Neurochir+Suppl%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Clin+Neurosci%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Clin+Neurosci%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Goertz+L%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Kasuya+H%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Hamisch+C%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22Acta+Neurochir+%28Wien%29%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Goertz+L%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Hamisch+C%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Telentschak+S%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Zhang+X%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Tang+H%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Huang+Q%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Hong+B%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Xu+Y%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Liu+J%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Liu+J%22&page=1&restrict=All+results


Iran J Public Health, Vol. 49, No.4, Apr 2020, pp. 673-683  

 

683  Available at:    http://ijph.tums.ac.ir      

Stay of Endovascular Coiling Versus Neuro-
surgical Clipping for Unruptured Intracranial 
Aneurysms: Systematic Review and Meta-
Analysis. World Neurosurg, 115: 393-399. 

26. Darsaut TE, Findlay JM, Magro E, et al (2017). 
Surgical clipping or endovascular coiling for 
unruptured intracranial aneurysms: a pragmat-

ic randomised trial. J Neurol Neurosurg Psychia-
try, 88: 663-668. 

27. Fiorella D, Lylyk P, Szikora I, et al (2018). Cura-
tive cerebrovascular reconstruction with the 
Pipeline embolization device: the emergence 
of definitive endovascular therapy for intra-
cranial aneurysms. J Neurointerv Surg, 10: i9-i18. 

 

 

http://ijph.tums.ac.ir/
http://europepmc.org/search?query=JOURNAL:%22World+Neurosurg%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Darsaut+TE%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Findlay+JM%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Magro+E%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Neurol+Neurosurg+Psychiatry%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Neurol+Neurosurg+Psychiatry%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Fiorella+D%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Lylyk+P%22&page=1&restrict=All+results
http://europepmc.org/search?query=AUTH:%22Szikora+I%22&page=1&restrict=All+results
http://europepmc.org/search?query=JOURNAL:%22J+Neurointerv+Surg%22&page=1&restrict=All+results

