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ABSTRACT 

AIm: This work aims to summarize the experience in emergency microsurgery for patients with aneurysmal subarachnoid hemorrhage (SAH) 
that coexisted with brain hernia. 

MaterIal and Methods: A total of 26 patients with aneurysmal SAH complicated by brain hernia were subjected to emergency aneurysm 
clamping + decompressive craniectomy. 10 patients were diagnosed with aneurysmal SAH coexisted with brain hernia before operation.

Results: Four patients had a carotid aneurysm, 15 had a middle artery aneurysm, and 7 had an anterior communicating aneurysm. The 
surgical procedure was performed smoothly for all patients. The patients were followed up for 3 months to 6 months. According to Glasgow 
outcome scaling, five patients recovered well, six suffered from moderate disability, five were subjected to severe disability, five were in plant 
survival, and 5 died.  

ConclusIon: Emergency surgical exploration is an effective treatment method for patients       
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ÖZ 

AMAÇ: Çalışma, beyin herniasyonuna eşlik eden anevrizmal subaraknoid kanama (SAK) hastalarında acil mikrocerrahi deneyimini özetlemeyi 
amaçlamaktadır. 

YÖNTEM ve GEREÇLER: Beyin herniasyonu ile komplike anevrizmal SAK’sı olan 26 hastada acil anevrizma klipleme + dekompresif kraniyektomi 
yapıldı. 10 hastaya ameliyattan önce beyin herniasyonuna eşlik eden anevrizmal SAK tanısı konuldu.

BULGULAR: Dört hastada karotid anevrizma, 15’inde orta serebral arter anevrizması ve 7’sinde anterior komünikan arter anevrizması vardı. 
Cerrahi müdahale bütün hastalarda sorunsuz uygulandı. Hastalar 3 ila 6 ay boyunca takip edildi. Glasgow sonuç ölçekleme yöntemine göre beş 
hasta tam iyileşti, altısı orta derecede, beşi ise ciddi maluliyet yaşadı. Beş hasta bitkisel hayata girdi ve beşi ise öldü. 

SONUÇ: Acil cerrahi hastalar için etkili bir tedavi yöntemidir.       
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INTRODUCTION

Although the techniques of neuroimaging, microsurgery, 
and intravascular intervention have advanced significantly 
in recent years, intracranial aneurysmal subarachnoid 
hemorrhage (SAH) still has high fatality and disability rates, 
especially in patients in adverse grade. For this reason, 
it remains a difficulty in neurosurgery. Aneurysmal SAH 
coexisted with brain hernia is often accompanied by 
intracerebral hematoma; when such a condition occurs, 
patient’s condition will turn more serious and higher disability 
and fatality rates will occur, compared with aneurysmal 
SAH without intracerebral hematoma (5). Therefore, early 
diagnosis and accordingly-decided rational treatment greatly 

influence the prognosis of this condition. However, whether 
surgery is necessary for low-grade aneurysmal SAH and 
what is the appropriate timing of surgical treatment remain 
controversial nowadays. Some scholars prefer conservative 
therapy, and according to them, surgery can only be 
performed after patient’s condition improves and the grade 
of SAH decreases, whereas others favor early surgery, which is 
expected to save as many patients as possible on the premise 
of without aggravating poor prognosis (1, 3, 7, 9, 23). Despite 
the disagreement, more and more studies have reported that 
active surgery, as well as careful post-operative intensive care, 
can increase the survival odds of patients with severe low-
grade aneurysmal SAH (15, 22).
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In the current study, emergency microsurgeries for 26 patients 
suffering from aneurysmal SAH coexisted with brain hernia 
were analyzed retrospectively.

MATERIAL and METHODS

General Data

A total of 26 patients, including 10 males and 16 females, 
were enrolled in this study. Their ages ranged from 22 years 
to 66 years with a mean age of 43.55 ± 13.20 years. Among 
the patients, 16 had had brain hernia before their emergent 
hospitalization, and 10 presented brain hernia when 
rehaemorrhagia occurred during their hospital stay. Cranial 
computed tomography (CT) showed SAH in all patients, 
frontal lobe hematoma in 6 patients, and temporal lobe and 
lateral cleft hematoma in 15. According to Hunt grading, 
16 patients had grade IV and 10 had grade V. Computed 
tomographic arteriography was performed for 3 patients 
and digital subtraction angiography (DSA) for 7, whereas 16 
did not receive contrast examination. 4 patients had carotid 
aneurysm, 15 had middle artery aneurysm, and 7 had anterior 
communicating aneurysm. This study was conducted in 
accordance with the declaration of Helsinki. This study was 
conducted with approval from the Ethics Committee of China 
Medical University. Written informed consent was obtained 
from all participants.

Surgical Methods

An extended pterion approach was adopted for all patients. 
The dura mater was cut open. For patients with hematoma, 
the hematoma was removed first. For those without 
hematoma, the cornu temporale ventriculi lateralis was 

Figure 1: A) CT image before craniotomy for exploration B) CT image of craniotomy for exploration after middle aneurysm clamping 
+ decompressive craniectomy.

dissociated and opened to sufficiently reduce the pressure, 
and then the lateral cleft was isolated. For patients diagnosed 
clearly before operation, routine aneurysmal isolation, 
exposure, and clamping were done. For those who did not 
receive contrast examination, the pre-operative cranial CT 
images were analyzed carefully: Aneurysms are often located 
near arteries in patients with hematoma (e.g. patients with 
temporal lobe and lateral cleft hematoma often suffer from 
middle artery aneurysm, and those with frontal lobe and 
cerebral ventricle hematoma often have carotid or anterior 
communicating aneurysm); for patients without noticeable 
hematoma, carotid, posterior communicating, anterior, 
anterior communicating, and middle arteries as well as their 
branches were carefully observed in sequence. Decompressive 
craniectomy was performed at the end of operation, and the 
dura mater was sutured using the relaxation method. After 
operation, all patients were subjected to lumbar punctures to 
release bloody cerebrospinal fluid until it was tested normal.

Results

Post-Operative Outcomes

Aneurysmal clamping and decompressive craniectomy 
were performed smoothly for all patients. The patients were 
followed up for 3 months to 6 months. According to Glasgow 
outcome scaling, five patients recovered well, six suffered 
from moderate disability, five sustained severe disabilities, 
five were in plant survival, and 5 died.

Typical Case

Pre- and post-operative CT images of a typical case are shown 
in Figure 1(A,B) respectively.

A B
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part of the aneurysm-carrying artery, temporary obstruction 
of the artery is performed, and then the aneurysm is dealt 
with quickly. If aneurysmal rupture occurs during the time of 
aneurysm isolating, the aneurysm-carrying artery should be 
temporarily blocked (or even the aneurysm is left isolated), 
and then conventional handling procedure is performed. For 
patients with a tumor body or top rupture, if the rupture is 
small, hemostasis can be done by cauterizing the rupture 
using weak bipolar electrocautery; however, if the rupture is 
large, it should be clamped by using an artery clamp (or the 
rupture and part of the tumor body are clamped together). 
Then, the isolation of the tumor neck is continued and a tu-
mor clamp is afterwards applied. Ruptures can also occur at 
the time of clamping. Most of these ruptures belong to neck 
ruptures and tears. For the former, the aneurysm-carrying 
artery is blocked temporarily, the tumor detachment is fur-
thered, the tumor clamp is moved deeply in the direction of 
the aneurysm-carrying artery, and then the artery is clamped. 
For the latter, permanent occlusion of the aneurysm-carrying 
artery has to be done in most cases due to a difficulty in he-
mostasis, which often leads to serious consequences. Based 
on clinical practices, the experience of the authors of this 
study is that for aneurysm with a wide and thin neck, the 
aneurysm-carrying artery should be obstructed temporarily 
first, and a tumor clamp is placed after the tension of the neck 
is reduced; meanwhile, the clamp should be placed as close to 
the aneurysm-carrying artery as possible.

Post-operative intracranial hypertension is an important 
prognosis-related factor (10). All brain damages directly 
caused by intracranial hematoma, cerebrospinal fluid 
circulation disorder, cerebral vasospasm, and aneurysm can 
lead to a rapid increase in intracranial pressure. Therefore, if 
intracranial hematoma, blood clots around the associated 
artery, and hematocele in the cistern are cleaned as soon as 
possible shortly after aneurysmal rupture, cerebral vasospasm 
can be eased. Additionally, continuous external ventricular 
drainage and bone flap removal are performed, which can 
reduce intracranial pressure to improve cerebral circulation. 
These treatments can reduce secondary cerebral damages 
caused by intracranial hypertension to the minimum. Thus, 
emergency surgery to remove intracranial hematoma and 
bone flaps serves as an important procedure for reducing 
intracranial pressure and relieving secondary brain damages.

Furthermore, cerebral vasospasm is another serious 
complication which influences the prognosis of intracranial 
aneurysm accompanied by intracerebral hematoma (2, 6, 16, 
17, 20, 21). It often results in abrupt deterioration of patient’s 
condition or even patient’s death during disease course. The 
occurrence of cerebral vasospasm is closely correlated with 
factors such as hematocele in the cistern and aneurysmal 
rupture. Not only can emergency surgery remove intracranial 
hemotocele and occlude aneurysm to eliminate part of 
the factors causing cerebral vasospasm, but it can also be 
performed before the occurrence of cerebral vasospasm to 
avoid the risk of pathogenetic condition aggravation during 
the period of cerebral vasospasm. In addition, combined 

DISCUSSION

Intracranial aneurysmal rupture leads to an incidence of 
intracranial hematoma between 4% and 34%; patients with 
intracranial hematoma have a mortality rate between 21% 
and 58% (4, 8, 13, 18, 19), which is significantly higher than 
that of the patients without such a condition (between 6% 
and 10%) (11, 12). The results in the present study indicate 
that emergency operation can effectively avoid or relieve 
intracranial rehaemorrhagia, cerebral vasospasm, and 
intracranial pressure increase in patients with aneurysmal 
rupture complicated by intracerebral hematoma; meanwhile, 
decompressive craniectomy can further reduce the risk of 
rehaemorrhagia, which improves treatment effectiveness and 
decreases mortality.

For operative approach, the extended pterion approach can 
be adopted as a conventional method. This approach has 
the following merits: It allows the exploration of anterior 
circulation aneurysm as well as of middle artery aneurysm; it 
allows the performance of bone flap decompression as well 
as of temporal lobe decompression.

However, there are two major challenges faced in emergency 
surgery for aneurysm complicated by intracerebral hematoma: 
One is the difficulties in exposing and isolating aneurysm 
due to high brain pressure, and the other is intraoperative 
re-rupture and –hemorrhage. To avoid the risks imposed 
by these challenges, this study observed the principles as 
follows: DSA and CT images are carefully observed to make 
judgment of the configuration of aneurysm and associated 
vessels as well as their correlation with hematoma; controlled 
hypotension is not adopted to prevent and control rupture 
and hemorrhage during operation in case of an aggravated 
cerebral ischemic injury; brain pressure is appropriately 
decreased before dura mater opening; hematoma around 
the aneurysm is appropriately removed and the cistern is 
sufficiently opened to further reduce the pressure, and for 
those patients in whom satisfactory decompressive effect is 
not achieved, temporal and frontal poles may be resected; 
aneurysmal isolation is performed according to the order of 
the proximal and distal ends of the aneurysm-carrying artery 
and then the neck of the aneurysm; for patients with multiple 
aneurysms, the aneurysms close to the Willis cycle are 
removed first; the aneurysm-carrying vessel is timely blocked 
during operation, especially for patients whose aneurysm is 
hard to find in hematoma or with large aneurysm; hematoma 
is completely removed after aneurysm clamping; and for 
patients with unsatisfactorily decreased brain pressure at 
the end of operation, internal and external decompression is 
performed.

Once aneurysmal rupture occurs before aneurysm detach-
ment, the ipsilateral carotid artery should be compressed 
immediately to reduce hemorrhage, and hyperventilation is 
performed to decrease intracranial pressure; meanwhile, a 
brain spatula was inserted from the skull base to absorb the 
hemorrhage (for patients difficult to treat, part of brain lobes 
can be absorbed). When the operation arrived at the proximal 
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lumbar puncture can weaken the stimulation of SAH, which 
greatly reduces the probability of vasospasm (14).

To sum up, patients with aneurysmal SAH coexisted with 
brain hernia should receive surgical treatment actively. For 
patients suspected with such a condition, CT images should 
be carefully analyzed and surgical exploration is then done. 
Decompressive craniectomy can reduce intracranial pressure 
and improve cerebral perfusion to improve the prognosis of 
the disease.
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