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Background and Aim: Most good grade (WFNS I and II) patients who undergo microsurgical 
clipping achieve a favorable outcome. However, some independent patients before surgery 
face unfavorable outcomes after the operation, signifying the impact of microsurgical clipping. 
This study aimed to identify the risk of developing dependency in patients without previous 
neurological deficits.

Methods and Materials/Patients: We reviewed 50 consecutive good grade patients with ruptured 
anterior circulation aneurysms who underwent microsurgical clipping between May 2017 and May 
2020 in the Department of Neurosurgery, Punjab Institute of Neurosciences, Lahore, Pakistan. 
The clinical outcome at discharge and three months follow-up was assessed using the Glasgow 
Outcome Scale (GOS).

Results: In this study, seven patients (14%) became dependent (GOS II and III) following clipping. 
Of whom, five patients (10%) suffered surgical insult in the form of intraoperative rupture (4%), 
post-op infarct (4%), and direct brain damage (2%). 

Conclusion: Patients without neurologic deficit pre-operatively still suffer unfavorable outcomes 
mainly due to operative complications. Vascular injuries remain the main cause of morbidity-
producing dependency. Therefore, all surgical techniques must minimize the risk to vessels, both 
during dissection and at clip placement.
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1. Introduction

erebral aneurysms are the most frequent 
cause of spontaneous Subarachnoid Hem-
orrhage (SAH), ranging from 1.1 to 92.3 
per 100000 people per year [1, 2]. The in-
cidence increases with age, and approxi-
mately 80% of cases occur in people aged 

40-65 years, with a preference for women (32׃) [3]. Risk 
factors for rupture of an aneurysm are age, female gender, 
hypertension, substance abuse (cigarette, cocaine), preg-
nancy, and oral contraceptive pills [1-3]. Approximately 85% 
of intracranial aneurysms occur in the anterior circulation 
[1, 4, 5]. More than a third arises from the Anterior commu-
nicating Artery (AcoA) complex, while Internal Carotid-Post 
Communicating junction (IC-PC) is the next most common 
site. The Middle Cerebral Artery (MCA) accounts for about 
20% and usually occur at a bifurcation or trifurcation [1, 4].

SAH has high mortality and morbidity, with 10%-15% dy-
ing before reaching the hospital, while overall mortality is 

45% in the first 30 days [1]. Among patients surviving initial 
hemorrhage, re-bleeding is a significant risk in 15%-20% 
in the first two weeks if not treated surgically. Vasospasm 
kills 7% and leaves another 7% dependant [1, 6]. The clini-
cal status of patients, which is graded by the WFNS (World 
Federation of Neurological Surgeons) scale, directly corre-
lates with patient outcome. The higher age of the patient 
is another nasty prognostic factor in addition to preexisting 
comorbidities [7].

Computerized Tomography (CT) is the first line of investi-
gation. Digital Subtraction Angiography (DSA) has remained 
the gold standard giving anatomical details of an aneurysm 
besides assessing primary feeding arteries and collaterals. 
CT Angiogram (CTA) is as safe and effective as DSA in 97% 
of the cases as a sole imaging study [1]. Among treatment 
strategies, microsurgical clipping, and endovascular coiling, 
are considered equivalent [8], with microsurgical clipping 
more widely practiced in developing countries being cost-
effective [9].

C

Highlights 

• Microsurgical clipping of ruptured anterior circulation aneurysms in good grade patients is generally safe, but 
almost 10% of them were rendered dependent due to surgical insult alone. 

• A direct vascular injury like intraoperative rupture resulting from faulty clip placement was the culprit in 4%, while 
another 4% suffered from inadvertent parent vessel inclusion in the clip.

• The use of rigid retractors was faced with direct brain damage leading to brain contusion in 2% of cases emphasiz-
ing dynamic retraction as a safer option.

Plain Language Summary 

Bulging or ballooning of the artery due to weakness in the vessel wall that supplies blood to the brain is termed 
“cerebral aneurysm”. The weakness of the vessel wall is prone to rupture, leading to blood spreading in subarachnoid 
space, which may extend to adjacent parenchyma and/or ventricles and can be life-threatening. The carotid artery 
and vertebral artery on each side are the chief vessels supplying blood to the brain. The carotid system is referred 
to as anterior circulation, while the vertebral system makes posterior circulation. The affected patients are usually 
in their fourth to sixth decade of life with a female preponderance. Acute rupture calls for intensive care admission, 
stabilization, and assessment regarding the severity of the bleeding. This assessment involves clinical examination as 
well as imaging like brain scan and angiography of brain vessels. Patients are then graded according to their clinical 
well-being as good, bad, or worse. Cerebral angiography helps define that whether the affected vessel belongs to an-
terior or posterior circulation. It also provides a roadmap to select the treatment modality best suited for an individual 
case. Both open surgery and endovascular treatment options exist for most cases. Although open surgery is invasive, 
clipping the neck of an aneurysm is the definitive treatment. Good-grade patients of anterior circulation ruptured 
aneurysms, who have no pre-operative focal neurological deficits (WFNS I & II), are expected to stay independent 
following clipping, but oftentimes they do not. Here, we aim to look at the surgical risk factors leading to developing 
dependency in previously independent patients, thereby focusing only on the impact of surgical expertise available in 
a resource-limited setup. Vascular injuries in the form of parent vessel occlusion leading to early infarct, intraopera-
tive rupture, and direct brain damage due to rigid retractor were the culprits.
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The impact of clipping on the outcome of patients with 
no pre-operative neurological deficit is yet to be deter-
mined. Butlers et al. studied 200 good-grade patients 
who underwent microsurgical clipping, and reported 
9.6% as dependant at three months follow-up [10].

There is no local study available showing the impact 
of clipping on the neurological functions of those who 
survived after the treatment. Thus, the present study is 
designed to evaluate the clinical outcome of microsurgi-
cal clipping regarding morbidity in terms of dependency. 
This study will add to existing knowledge by providing 
statistics in our society and comparing them with inter-
national data. This study will also set a ground to devise 
a proper neurovascular training protocol for junior doc-
tors in developing countries to improve their surgical 
skills by developing low-cost animal labs at the minimum 
[11]. We aim to identify the risk factors leading to de-
pendency following microsurgical clipping in good-grade 
patients with ruptured anterior circulation aneurysms.

2. Methods and Materials/Patients

This study was conducted at the Department of Neuro-
surgery, Punjab institute of Neurosciences, Lahore, Paki-
stan, from May 2017 to May 2020. In this descriptive case 
series, 50 patients were selected by the non-probability, 
purposive sampling method. All good-grade patients 
(WFNS grade 1 and 2) of 18-65 years old, irrespective of 
sex, presented with spontaneous SAH due to ruptured 
anterior circulation aneurysms (confirmed by 4-vessel an-
giography) were included. Patients who were not fit for 
surgery due to comorbidities like uncontrolled hyperten-
sion, diabetes, or ischemic heart disease were excluded.

After taking informed consent, all patients underwent 
microsurgical clipping under general anesthesia through 
pterional craniotomy by the same surgical team. All pa-
tients were operated on after day 14 taking the day of 
hemorrhage as day 0. Operative notes, post-op neurolog-
ical status, and imaging were reviewed. Post-op deficits 
were divided into surgical and non-surgical. Any deficit 
occurring immediately following surgery that is not attrib-
utable to vasospasm, hydrocephalus, or other medical 
deterioration was labeled as surgical, while the presence 
of any of these was labeled as non-surgical. At discharge, 
the neurological status of the patients in terms of the 
Glasgow Outcome Scale (GOS) was prepared. The pa-
tients were followed in the outpatient clinic at one month 
and three months intervals in terms of GOS. Patients with 
GOS II and III were labeled as dependent. Assessment at 
the end of 3 months was taken as the final score. 

Data analysis

Statistical analysis of data was done using SPSS v. 22. All 
the variables were identified. Demographic variables of the 
patients were analyzed using simple descriptive statistics. 
The Mean±SD were calculated for age. Frequency and per-
centages were determined for qualitative variables, i.e., 
gender, clinical grade, and dependency. Data were strati-
fied for age to address the effect of the modifiers.

3. Results

In this study, the minimum and maximum age of pre-
sentation were 18 and 65 years, respectively. The mean 
age of the patients was 48.32 years. The majority pre-
sented during the fourth decade, i.e., 36% (18/50), fol-
lowed by the fifth decade 28% (14/50). Presentation of 
MCA aneurysms was relatively earlier compared to IC-
PC and AcoA aneurysms. About 33% of MCA aneurysms 
presented in the second decade.

We had a female preponderance of 56% (28/50), es-
pecially females during the fifth decade were affected 
more than males in a ratio of 3:1. Regarding the dis-
tribution of aneurysms, AcoA aneurysms were found 
more frequently (16/50) in males than females (14/50), 
while in MCA aneurysms, the ratio was equal (1:1). All 
IC-PC aneurysms (8/50) were found in female patients 
only. The distribution of aneurysms according to age 
and gender is depicted in Figure 1.

Figure 2 shows the outcome in terms of GOS after 
surgery, at one month and three months. We had gross 
mortality of 8% (4/50) while seven patients (14%) were 
rendered dependent (GOS II and III) following clipping. 
Out of this, five patients (10%) suffered surgical insult in 
the form of intraoperative rupture (4%), post-op infarct 
(4%), and direct brain damage manifesting as a contu-
sion (2%) (Figure 3).

4. Discussion

This study was conducted to identify the frequency and 
causes of dependency in patients with good-grade an-
eurysmal SAH undergoing surgical repair, which, by defi-
nition, had no pre-operative focal neurological deficits 
complicating the assessment of outcome. We included 
50 consecutive good-grade patients with ruptured an-
eurysms of anterior circulation over three years. All 
patients underwent microsurgical clipping at Punjab In-
stitute of Neurosciences, Lahore, Pakistan, which is con-
sidered a relatively high volume center for such cases. 
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Regarding the surgical outcome of ruptured aneurysms, 
many large series are available addressing the effect of 
grade, the timing of surgery, and the effect of intraoperative 
hypothermia [12-15]. But fewer reports are explicitly direct-
ed to the complications occurring during surgery, which are 
too complicated by including poor-grade patients [16, 17]. 
However, some comparisons can be drawn by the break-
down of patients into subgroups. To the best of our knowl-
edge, Butlers et a. were the only researchers documenting 
the surgical outcome of good-grade patients [10]. However, 
a minority of their cases were of posterior circulation aneu-
rysms. So for practical purposes, we compared our results 
to the relevant subgroups of the significant studies docu-
menting the outcomes of clipping, as depicted in Table 1.

At three months follow-up, we had 78% (39/50) pa-
tients labeled as independent; this is comparable to the 
International Cooperative Study on Timing of Aneurysm 
Surgery reported a 79% rate of independence among 
good-grade patients [12]. Butlers et al. reported 88.9% 
good outcome in patients with grade 1 and 2 at three 
months follow-up [10]. Four patients died in our study 
(8%). In three out of four patients, death occurred due to 
operative complications. One case of operative mortality 
is illustrated in Figure 1. Pulmonary embolism was found 
to be the non-surgical cause of mortality in one patient.

Seven patients (14%) became dependant following 
surgical intervention at our place. Butlers et al. reported 

 
 

 

Figure 1: Graphical depiction of age, gender, and location of the aneurysm 

 

     

Figure 2: The outcome based on the Glasgow outcome scale (GOS), graded from I to V, 

II and III are termed as dependent, IV and V as independent. A score at three months is taken as final in this 
study. 
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Figure 1. Graphical depiction of age, gender, and location of the aneurysm
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study. 
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Figure 2. The outcome based on the Glasgow Outcome Scale (GOS), graded from I to V

II and III are termed as dependent, IV and V as independent. A score at three months is taken as final in this study.
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an 11.1% poor outcome among 200 patients who un-
derwent microsurgical clipping. Out of them, 9.6% were 
dependant at three months follow-up [10] (as depicted 
in Figure 4 and Figure 5). 

Out of seven, five patients (10%) were rendered de-
pendant due to operative insult. Two patients suffered 
intraoperative aneurysm rupture, and two patients had 
post-op infarct while one patient had direct brain dam-
age due to retractor.

Intraoperative Rupture (IAR) is defined as rupture 
which occurs before securing the parent arteries or the 
neck of the aneurysm and is out of control, at least tem-
porarily. It can occur anytime between the induction of 
anesthesia and the final clipping. IAR is the most dra-
matic and potentially devastating complication of an-
eurysm surgery. In our series, 4% (2/50) ruptured intra-
operatively while Butlers et al. reported 3.5%, a result 
comparable to ours [10]. Lawton reported a 6.6% rup-
ture rate when reviewed the effect of neurosurgeon’s 
experience on the outcome of IAR [18]. Overall, the 
rupture rates during surgery vary from 6% to 11.7% in 

 

Figure 3:  Breakdown of surgical and non-surgical causes of dependency  
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Figure 3. Breakdown of surgical and non-surgical causes of dependency

Table 1. Comparing with relevant subgroups in other studies

Variables ISAT 
[13]

IHAST 
[14]

Wester 
[16]

Mclaughlin 
[17]

Butlers 
[10] Current

Group characteristics
Anterior circulation (%) 97.3 95 96.6 95.7 96.5 100

Good grade (%) 87.9 95 48.7 52.2 100 100

Outcome

IAR (%) UNKa 12.5 3.6 5.9 3.5 4

Infarct (%) UNKa 11.1 1.6 UNKd UNKd 6

Dependant (%) 18.5b 16.8 17.9 18.0 9.6 14

Operative mortality (%) UNKc 12 UNKc 0.7 1.5 6

ISAT: International Subarachnoid Aneurysm Trial; IHAST: Intraoperative Hypothermia for Aneurysm Surgery Trial; IAR: Intraopera-
tive Rupture; UNK: Unknown; aBreakdown of surgical complications is not available; bAdjusted for good grade patients; IAR: Intra-
operative Rupture; UNK: Unknown; cNumber of deaths due to surgical complications has not been mentioned; dAmong vascular 
complications, no specific mention of the infarct is found.
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the literature [19-21]. It is clear that although IAR is an 
unavoidable danger during aneurysm surgery, adequate 
exposure, sharp dissection, proximal control, and use 
of temporary clips are the primary means of avoiding 
intraoperative rupture [12, 20, 21]. Both cases in our 
series were MCA aneurysms, and rupture occurred in 
the predissection phase. We employed a double suction 
technique and temporary clips to rescue.

The other cause of the vascular complications of sur-
gery is cerebral infarction. The post-op infarct rate was 
6% (3/50) in our series. One such case is illustrated in 
Figure 2. Krayenbuhl et al. reported a post-operative in-
farct rate of 27% in ruptured aneurysms [22]. Causes of 
early post-op infarct have been reported due to opera-
tive insult, whether permanent clipping of the parent or 
perforating artery or prolonged (>10 minutes) tempo-
rary clipping [23]. Infarcts on the first post-operative day 
had a worse prognosis than those caused by delayed 
ischemia [24].

Two patients (4%) in the earlier part of the study suf-
fered direct brain damage due to the use of rigid re-
tractors. Following this, we focused on surgical adjuncts 
like skull base bony removal, dynamic retraction, and 
CSF drainage before or after opening dura and found it 
helpful to minimize or, in some cases, eliminate brain 
retraction. Butlers et al. reported 1% incidence in their 
series [10]. 

Two patients (4%) had dependency due to non-oper-
ative insult. One had post-op acute hydrocephalus and 
multiple subcortical infarcts, while the other suffered 
an accidental fall from bed resulting in acute subdural 
hematoma.

The overall incidence of hydrocephalus in our series 
was 8% (4/50). All patients had to communicate hydro-
cephalus. Ventriculo-Peritoneal (VP) shunt was done 
in three cases, while one required External Ventricu-
lar Drain (EVD). Two patients proceeded with a favor-
able outcome while one became dependant, and one 
died. Lin et al. showed that less than 10% of patients 
required shunting post-operatively [25]. The incidence 
of hydrocephalus was higher for patients with anterior 
communicating artery aneurysm than for patients with 
aneurysms at other locations [26].

5. Conclusion

Patients without neurological deficit pre-operatively 
still suffer unfavorable outcomes mainly due to opera-
tive insults. Vascular injuries remain the main cause of 
morbidity-producing dependency. Therefore, all surgi-
cal techniques must minimize the risk to vessels, both 
during dissection and at clip placement.
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tion clipping but rendered dependent due to MCA infarct 

Figure 4. Post-op CT of a 50-year-old female following MCA bifurcation aneurysm clipping, depicting early infarct progressing to hemor-
rhagic one leading to the dismal outcome
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