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Abstract
Introduction: Patients with aneurysmal subarachnoid hemorrhage (aSAH) frequently require monitoring, however 
planned ventilatory support may not be necessary in the post-operative period. In resource constraints scenarios, 
reserving an intensive care unit (ICU) bed and ventilator may lead to problems like delay in surgery and definite care. 
With this study, we aim to identify the factors that influence the need for post-operative ventilation in patients with 
aSAH.
Methods and Materials: A retrospective study over a period of six years of patients who underwent surgical clipping 
of aneurysm and were not intubated pre-operatively was conducted. Aneurysm was confirmed by Digital Subtraction 
Angiography (DSA) or Computerized Tomographic Angiography (CTA). Demographic data and clinico-radiological 
factors like Hunt and Hess grade, Modified Fischers Grade and aneurysm location were collected. 
Results: Of the 62 patients identified in the study period, 17 patients were excluded as they were intubated in the 
preoperative period. Of the 45 patients included, there were 15 male patients. Of these only 23 (51.11%) patients 
failed to be successfully extubated. Clinical factors such as Hunt and Hess score ≥ 3 (p value<0.001), WFNS grade 
≥3 (p value<0.001) and intraoperative blood loss ≥ 425 ml (p value=0.001) were associated with higher chances of 
failure to extubate. Presenting GCS score of ≥14 (p value<0.001) had higher chances of extubation postoperatively. 
However, radiological factors like Modified Fischers Grade and aneurysm location had no significant association.
Conclusion: The demand for post-operative ICU and ventilatory support in aneurysmal SAH is over estimated. 
Simple clinical factors can better predict the need for post-operative ventilation and reduce the burden of reserving 
ICU bed.
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Introduction

Patients with aneurysmal subarachnoid haemorrhage 
(aSAH) frequently require monitoring and ventilatory 

support. This is more often required in the post-operative 
period in patients with poorer grades. The numbers of 
specialized ICUs such as neurosurgery ICU are limited in 
most developing countries.1,2 Most of the hospitals in the 
developing countries like ours rely on a central ICU that 
caters to all surgical and medical sub-specialties.3,4 Patients 
with aSAH are often admitted to ICU and are cared for 
by a multidisciplinary team consisting of intensivists 
and neurosurgeons. Typically, an ICU bed with standby 
ventilator is reserved for those patients who have been 
planned for craniotomy and clipping of aneurysm and 
this happens even for those patients who did not require 
ventilator in the pre-operative period.5 Waiting for an ICU 
bed or standby ventilator may lead to delay in surgery and 
definitive care for these patients. Also, reserving beds for 
the duration of surgery prevent any subsequent patient who 
is in similar need from availing the ICU bed. In developing 
country like ours, this places an additional financial burden 
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on the patient.6 Through this study, we wanted to evaluate 
the frequency of post-operative ventilatory requirement in 
patients with aSAH and to identify predictive factors that 
might influence the need of post-operative ventilation in 
similar patients undergoing surgery.

Methods and Materials

We conducted a retrospective cohort study in our 
hospital over time period 2016-2021 AD. All patients 
who underwent microsurgical clipping of aneurysm 
were included in the study. Patients who were intubated 
in the pre-operative period due to low Glasgow Coma 
Scale (GCS), presence of other neurosurgical condition 
apart from intracranial aneurysm, presence of similar 
episode earlier or coiling of any intracranial aneurysm 
done earlier and patients who did not have required 
details were excluded from the study. All patients with 
diagnosis of intracranial aneurysm were admitted in the 
high care in Department of Neurosurgery. The diagnosis 
of SAH was based on positive findings on admission 
Computed Tomography (CT) scan head. Aneurysm was 
confirmed by Digital Subtraction Angiography (DSA) 
or Computerized Tomographic Angiography (CTA). The 
plan of management was decided by attending consultant 
as per department protocol. The patients who underwent 
surgical management with clipping of aneurysm were 
included in the study. Post-operatively the patients were 
managed as per the institutional protocol independent of 
the study. Demographic data in terms of age, sex, post-
ictal day to surgery, comorbid conditions, duration of 
post-operative ventilation, duration of hospital stay and 
mode of admission were collected. Similarly, clinico-
radiological factors such as pre-operative GCS, Hunt 
and Hess grade, World Federation of Neurosurgical 
Societies (WFNS) grade, Modified Fischer’s grade and 
the location of aneurysm were collected. In surgical 
factors, information on type of surgery and intraoperative 
blood loss were collected. The patients were also followed 
up clinically with the help of modified Rankins Scale 
(mRS) and Glasgow Outcome Scale (GOS) at the time 
of discharge, one month, six months and one-year post-
operative period. The data was analyzed with the help 
of SPSS version 21. Association between the various 
demographic, clinical-radiological and operative factors 
and the need for postoperative ventilation was determined 
using Spearman’s correlation test. ROC curve was used to 
determine the cut off score of clinic-radiological factors 
with area under curve to determine its significance. p 
value< 0.05 was considered as significant. Ethical approval 
was taken from the institutional ethical committee.

Results

There was a total of 62 patients over a period of six 
years, of which 17 patients were excluded from the study as 
they were already intubated in the pre-operative period. 45 
patients were included in the study comprising of 15 (33%) 
male patients and 30 (67%) female patients. The majority 
of the patients were in the age group of 51-60 years with 
15 (33%) patients. The mean age of the population was 
52.95 +/- 11.17 years with a maximum age of 80 years and 
minimum age of 29 years. The mean pre-operative GCS 
was 13 with a maximum GCS of 15 and a minimum GCS 
of nine. The mean duration of post-operative ventilation 
was 2.66 +/- 3.53 days and mean duration of overall 
hospital stay was 16.48 +/- 7.18 days. 22 (49%) patients 
were successfully extubated in the post-operative period. 
However, 23 (51%) patients could not be extubated in the 
immediate post-operative period. Of the 23 patients who 
required post-operative ventilation, eight (35%) patients 
were ventilated due to long duration of surgery, five (22%) 
patients on the advice of anaesthesia team, three (13%) 
patients had excessive intra-operative bleeding (>500 ml), 
three (13%) patients had intra-operative brain swelling 
and four (17%) patients had intra-operative blood pressure 
fluctuation (Figure 1).

While analysing the demographic factors, none of the 
factors were found to have significant association with 
need for post-operative ventilation. Using ROC curve, 
pre-operative GCS <14 (p=0.001), Hunt and Hess >=3 
(p=0.001) and WFNS grade >=2 (p=0.001) were found 
to have significant association with the need for post-
operative ventilation. With respect to surgical factors, 
intra-operative blood loss >=425 ml (p=0.001) was found 
to have significant association with the need for post-
operative ventilation (Table 1).

There were six mortalities in our study of which four 
patients had required postoperative ventilation. Of these, 
one patient had anterior cerebral artery (ACA) territory 
infarction with septic shock. Apart from these no other 
neurological related death was seen.

We also tried to define the association between 
post-operative ventilatory requirement and outcome of 
patient as measured with mRS and GOS score. Nominal 
by interval with Eta value statistical tool was used. 
Moderately significant association between the post-
operative ventilatory requirement and functional outcome 
of the patient at discharge, one month, six months and one 
year post-operative period was seen using the mRS score. 
Similar association was seen when functional outcome of 
the patient was evaluated using GOS score in the same 
time period. There was strong significant association 
between post-operative ventilatory requirement and the 
total duration of ICU stay with the patients who required 
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Figure 1: Reasons for need for post-operative ventilation 
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immediate post-operative ventilation required more 
duration of ICU stay (Eta value=0.947).

In the multivariate analysis of the patients intubated 
in the post-operative period on the anaesthesia advice for 
association between the pre-operative factors and the need 
for post-operative ventilation (Table 2), none of the pre-
operative factors had significant association with need 
for postoperative ventilation implying that the subgroup 
of patients ventilated on anaesthesia advice could have 
actually been extubated. 

However, in the subgroup of patients who were kept 
intubated in the post-operative period due to long duration 
of surgery, factors like the pre-operative GCS, Hunt and 
Hess score and intra-operative blood loss had significant 
association with the need for post-operative ventilation 
(Table 3). Thus, implying that patients ventilated due to 

Variable Patients included Patients who failed extubation postoperatively p value

Age >=49 27 14 (51.85%) 0.903<49 18 9 (50%)

Sex Male 15 8 (53.33%) 0.833Female 30 15 (50%)

Admission type Emergency 39 22 (56.41%) 0.07Elective 6 1 (16.66%)

Comorbidity Yes 17 10 (58.82%) 0.420No 28 13 (46.42%)

Preop GCS >=14 25 3 (12%) 0.001<14 20 20 (100%)

Hunt and Hess Score
>=3 20 16 (80%)

0.001
<3 25 7 (28%)

WFNS Grade >=2 28 22 (78.57%) 0.001<2 17 1 (5.88%)
Intraoperative blood 
loss

>=425 ml 24 18 (75%)
0.001

<425 ml 21 5 (23.8%)
Table 1: Demographic, clinical and intraoperative factors and its association with the need for postoperative ventilation

S. No. Variable No of patients Chi square coefficient p value
1 Preop GCS 5 0.958 0.328
2 Hunt and Hess Score 5 2.795 0.095
3 WFNS Score 5 0.29 0.590
4 Intraoperative blood loss 3 1.252 0.263

Table 2: Multivariate analysis: Association between the factors and reason for postoperative ventilation (Anaesthesia 
advice)

S. No. Variable No of patients Chi square coefficient p value
1 Preop GCS 5 6.46 0.011
2 Hunt and Hess Score 1 18.86 0.0001
3 WFNS Score 7 1.96 0.161
4 Intraoperative blood loss 6 16.66 0.002

Table 3: Multivariate analysis: Association between the factors and reason for postoperative ventilation (Long duration 
of surgery)

Figure 1: Reasons for need for post-operative ventilation

Reasons for postoperative ventilation

long duration of surgery had significant association with 
the preoperative factors. 
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Discussion

Hospitals in developing countries like ours have 
limited number of ICU beds and ventilator primarily due 
to lack of funds.7-9 Most of these institutions do not have 
dedicated intensive care unit for neurosurgery. Many 
surgeries are delayed due to non-availability of ICU bed 
or ventilator. In these settings, acquiring or reserving a 
bed in the ICU for a patient requiring surgical clipping 
can at times take days leading to delay in definitive care. 
In addition, there is risk of re-bleed, morbidity and/
or mortality. Alternatively, these patients may need to 
be transferred to another hospital which carries its own 
risks in addition to the loss of valuable time.10–12 Forty 
nine percent of the patients in our study did not require 
ventilator in the postoperative period, but all patients 
had ventilator reserved prior to surgery which shows the 
overuse of this process. In these settings, preoperative 
factors that predict the need for ventilator in post operative 
period may help to reduce the overestimate of ICU bed 
and ventilator, thus avoiding the delay in surgery.

Level of consciousness is a good prognostic factor in 
determining the outcome of patient.13–15 Our study showed 
that the clinical factors like preop GCS, Hunt and Hess 
score and WFNS score were good predictors for the need 
of ventilator postoperatively. Siddiqui U et al also showed 
similar result with Hunt and Hess grade ≥ 4 and WFNS 
score ≥ 4 predicting the need for ventilator.5 Rosengart et 
al have shown the association of high Fisher grade with a 
statistically compelling risk for extubation failure, whereas 
aneurysmal size and location did not have any significant 
effect in their study.16 Whereas, Siddiqui U et al have found 
the risk of extubation failure high in patients with Acom/
ACA aneurysm. However, in our study, the factors like 
state of rupture of aneurysm, modified Fischer’s grade and 
location of aneurysm did not show significant association 
with need for postoperative ventilation. 

In regards to surgical factors, our study found the 
risk of extubation failure in patients with high blood loss 
(>=425 ml) (p value=0.001). Post ictal day of surgery and 
type of surgery had no significant association with need 
for postoperative ventilation in our study. Various studies 
in literature have shown surgical factors like the volume 
of blood loss, brain retraction and the duration of surgery 
to negatively affect outcome in aSAH patients.17–20 These 
patients may need postoperative ventilation. 

In our study, five patients were not extubated in 
the postoperative period on advice of anesthesia. In the 
multivariate analysis for association between factors 
and reason for ventilation (anesthesia advice), none of 
the factors had significant association with the need 
for postoperative ventilation. So, we can conclude 
that this subgroup of patients ventilated on advice of 
anesthesia could actually have been extubated based 

on the factors mentioned above. Similarly, in another 
multivariate analysis for association between the factors 
and postoperative ventilation due to long duration of 
surgery (> 5 hours), factors such as preoperative GCS, 
Hunt and Hess score and intraoperative blood loss had 
significant association. We can thus say that the reason for 
postoperative ventilation was justified in this subgroup of 
patients.

We also followed the patients with mRS and GOS 
score at discharge, one month, six months and one year 
postoperative period. Moderately significant association 
was found between the postoperative ventilatory 
requirement and functional outcome of patients at all time 
periods as evaluated by mRS and GOS score. 

This study has some limitations. Firstly, it is a 
retrospective study from a single institution. Thus, 
important confounders relevant to the results may have 
been missed. Therefore, future studies involving larger 
population are needed to validate the generalizability of 
our results. Secondly, angiographic vasospasm was not 
taken into account which would have an impact in the 
postoperative course of the patient. However, this study is 
the first of its kind in Nepal. This study helps to avoid the 
overestimate of requirement of ICU bed and ventilators 
for aneurysm clipping patients in developing countries 
like ours. It sets the precedence for more studies pertaining 
to this and for further prospective multicenter study.

Conclusion

The demand for post-operative ICU and ventilatory 
support in aneurysmal SAH is over estimated. Simple 
clinical and surgical factors can better predict the need 
for post-operative ventilation and reduce the burden of 
reserving ICU bed and ventilator.
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