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Abstract Background Intraoperative aneurysmal rupture (IAR) is a catastrophic complication;
however, its impact on neurological outcome is debatable. We studied the effects of
IAR on intraoperative and postoperative complications and neurological outcome.
Methods In this retrospective study, adult patients who underwent aneurysmal
clipping over a period of 2 years were divided as follows: group R (with IAR) and group
N (without IAR). Various perioperative parameters, intraoperative and postoperative
complications were noted. Glasgow outcome scale (GOS) was noted at discharge
from hospital and categorized as favorable (GOS IV and V) and unfavorable (GOS I,
[I'and Ill). Collected data was statistically analyzed. Univariate and multiple logistic
regression analyses were performed to identify predictors of IAR. A p value < 0.05 was
considered significant.

Results Thirty-two out of 195 (16.41%) patients suffered IAR, with majority involving
anterior communicating artery aneurysm (46.88%). Duration of temporary clipping
(p < 0.001), volume of blood loss, and fluid and blood transfusion were significantly
more in group R. Postoperatively, significantly more patients in group R developed

Keywords intracranial hematoma, cerebral infarct, and required prolonged ventilatory sup-
= aneurysm clipping port (=5 days). Unfavorable neurological outcome was observed more in group R
= complications (p=0.013). In univariate analysis, blood loss > 500 mL, use of colloids, and duration of
= intracranial aneurysm  surgery > 5 hours were found to be associated with IAR. After multiple logistic regres-
= intraoperative sion analysis, only use of colloids and duration of surgery > 5 hours were the most
aneurysm rupture predictive variables for IAR.
= Glasgow outcome Conclusions |AR is associated with serious intraoperative and postoperative compli-
scale cations and unfavorable neurological outcome.
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Introduction

Intracranial aneurysmal rupture (IAR) during its obliteration
is a well-known and potentially lethal complication with
aneurysmal subarachnoid hemorrhage (aSAH).! Incidence
of IAR ranges from 2% to 4.5% for endovascular techniques
and 6.0% to 61% for surgical clipping."® However, the
impact of IAR on neurological outcome of patients under-
going aneurysm clipping is controversial and understudied.
Furthermore, there is hardly any data on this important sub-
ject among the Indian population.

We conducted this retrospective study to evaluate the
effects of IAR on intraoperative and postoperative complica-
tions and neurological outcome.

Methods

After obtaining approval from the Institutional Ethics
Committee, data of all patients aged > 18 years, who under-
went aneurysm clipping for aSAH over a span of 2 years were
collected. Patients’ demographic parameters, clinical and
aneurysmal characteristics along with perioperative details
were noted. The patients were then divided into two groups
based on occurrence of IAR as group R (with IAR) and group N
(without IAR). Other surgical procedures/interventions per-
formed postoperatively, mechanical ventilation (MV) days,
and duration of hospital stay were also noted. Glasgow out-
come scale (GOS) grades were noted at the time of discharge
from hospital.* GOS grades IV and V were considered “favor-
able neurological outcome,” whereas “unfavorable neurolog-
ical outcome” included GOS grades I, I and III.
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Statistical Analysis

Statistical analysis was performed using STATA 12.1 (College
Stations, Texas, USA). Data are presented as number (%),
mean + standard deviation (SD), or median (quartile devia-
tion [QD]) as appropriate. Chi-square and Fischer's exact test
(when one or more expected frequencies were less than 5)
were used to compare categorical variables and students’ “t”
test for continuous variables. Univariate analysis followed by
multiple logistic regression analysis was performed to iden-
tify risk factors and independent predictors for occurrence of
IAR. A p value < 0.05 was considered significant.

Results

During the study period, 195 adult patients underwent cere-
bral aneurysm clipping. IAR occurred in 32 (16.41%) patients.
Demographic parameters and preoperative clinical charac-
teristics (except preoperative ventilation) were comparable
between the groups (=Table 1). Hunt and Hess' grade II,
World Federation of Neurological Surgeons (WFNS) grade I,
and Fischer’s grade 2 were the most common grades on pre-
sentation (=Table 2). Overall, mean interval between ictus to
admission and surgery were 10 £ 15.3 and 11.92 + 16.12 days.

Overall, 228 aneurysms were detected on digital sub-
traction angiography (DSA) of study patients. Location-
wise, anterior communicating (ACOM) artery aneurysms
were the most common (47.17%). Both the groups were
statistically comparable regarding location of aneurysms
(=Table 3). Overall, 28 patients (14.3%) had multiple aneu-
rysms. Eleven patients (6.7%) in group N had giant aneu-
rysms (>2.5 cm) compared with 1 patient (3.1%) in group

Table 1 Demographic and preoperative parameters along with clinical characteristics of the study patients

Variable Group N Group R Total p-Value
(n=163) (n=32) (n=195)
Age (years) 47.8+12 52.2+12.8 48.5+12.1 0.06
Gender (male/female) 79/84 14/18 93 /102 0.62
Admission GCS, median (QD) 13.4(2.7) 13.1(3) 13.3(2.7) 0.55
Pre-operative ventilation, n (%) 29 (17.7) 25(78) 54 (95) <0.05
Comorbidities, n(%) Essential Hypertension 55 (33.7) 14(43.7) 69(35.4) 0.24
Diabetes mellitus 7 (4.3) 00 7 (3.6) 0.23
Coronary artery disease 01 00 01
(CAD)
Chronic obstructive pul- | 00 01 01
monary disease (COPD)
Hemoglobin (g/dL) Mean 11.9+1.7 11.7£1.5 11.8£1.7 0.61
<10g/dL 18(11) 5 (15.6) 23(11.8) 0.61
Admission serum Mean 141.1+£5.38 140.8 £3.9 141.10 £ 5.51 0.74
sodium (mEq/L) 135-145 112 (68.7) 28 (87.5) 140 (84.8)
<135 19(11.6) 2(6.2) 21(10.7)
> 145 32(19.6) 2(6.2) 34(17.4)
Time interval Ictus to admission 10.5£16 7.5+11.4 10£15.3 0.72
(days) Ictus to surgery 12.4+16.7 9.5+12.5 11.9+16.1 0.62
Admission to surgery 1.9+1.6 1.9+1.7 1.9+1.6 0.63

Abbreviations: CAD, coronary artery disease; COPD, chronic obstructive pulmonary disorder; GCS, Glasgow Coma Scale; QD, quartile deviation.
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Table 2 Distribution of the study patients in various subarachnoid hemorrhage grades

Grading system Grades Group N Group R Total p-Value
(n =163) (n=32) (n=195)
Hunt and Hess’ classification | 29(17.8) 6(18.7) 5(17.9) 0.64
[ 73 (44.8) 11 (34.4) 84 (43.1)
Il 30(18.4) 6(18.7) 6(18.4)
\Y% 20(12.3) 7(21.9) 7(13.8)
v 1(6.7) 2(6.2) 13 (6.6)
World Federation of Neurological Surgeons Scale I 90 (55.2) 17 (53.1) 107 (54.8) 0.92
[ 28(17.2) 5(15.6) 33(16.9)
Il 9(5.5) 3(9.4) 12 (6.1)
\Y% 28(17.2) 6(18.7) 34 (17.4)
Y 8 (4.9) 1(3.1) 9(4.2)
Fischer’s Grading Scale [ 11(6.7) 1(3.1) 12 (6.5) 0.69
[ 89 (54.6) 16 (50) 105 (53.8)
Il 2(7.3) 2(6.2) 14(7.2)
\Y% 51(31.3) 13 (40.6) 64 (32.8)
Note: All parameters are expressed in n (%)
Table 3 Aneurysmal Characteristic and timing of surgery after ictus in the study
Characteristics of aneurysm Group N Group R Total p-Value
n=163 n=32 n=195
Location ACOM 77(47.2) 15(46.9) 92(47.2) 0.97
ACA 11 (6.7) 3(9.4) 14(7.2) 0.59
MCA 43 (26.4) 11(34.4) 54(27.7) 0.35
PCOM artery 28(17.2) 6(18.7) 34(17.4) 0.83
ICA 27 (16.5) 6(18.7) 33(16.9) 0.76
Multiple aneurysms 22 (13.5) 6(18.7) 28 (14.3) 0.62
Giant aneurysm (size > 2.5 cm) 11(6.7) 1(3.1) 2(6.1) 0.43
Timing of surgery Early (within 72 hours) | 49 (30) 10(31.2) 59 (30.2)
Intermediate 62 (38) 13 (40.6) 75 (38.5)
(4 to 10 days)
Late (> 10 days) 52(31.9) 9(28.1) 61(31.3)

Abbreviations: ACA, anterior cerebral artery; ACOM, anterior communicating artery; ICA, internal carotid artery; MCA, middle cerebral artery; PCOM,

posterior communicating.
Note: All parameters are expressed in n (%)

R. Aneurysms in 59, 75 and 61 patients were clipped within
3 days (early surgery), 4 to 10 days (intermediate surgery)
and > 10 days (late surgery), respectively, after the ictus.
Distribution of patients in the two groups was comparable
across these categories.

All patients underwent craniotomy and aneurysm clip-
ping under standard general anesthetic technique in supine
position using either nitrous oxide/air and volatile anes-
thetic agent (sevoflurane/desflurane) or total intravenous
anesthesia (TIVA) with propofol, supplemented with fen-
tanyl and muscle relaxant. Although, all patients received
0.5 to 1.0 g/kg mannitol, starting at skin incision, brain
bulge was found after craniotomy in 20 and 84 patients
in group R and N, respectively, requiring additional mea-
sures to achieve slack brain. In group N, temporary clip was
applied in 145 (88.9%) patients compared with 31 (96.8%)
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patients in group R. Total duration of temporary clip appli-
cation was significantly longer in group R against group N
patients (p < 0.001).

Blood loss was significantly more in group R (992.18 +
505.79 vs. 405.82 + 232.03 mL), requiring more crystalloid
solution (4506.25 + 1025.78 vs. 3733.13 £ 976.08 mL) admin-
istration and more patients to receive blood transfusion
(78.12% vs. 15.33%) in this group (=Table 4). Additionally,
group R patients also had significantly more colloids admin-
istration. Majority of the IAR occurred in patients with
ACOM aneurysm (46.88%), followed by middle cerebral
artery aneurysms, and posterior communicating (PCOM)
artery aneurysms. As per stage of surgery, 9 (28.25%) IARs
occurred during dissection phase of surgery and remain-
ing 23 (71.87%) 1ARs occurred during clip application on
aneurysm.

© 2021. Association for Helping Neurosurgical Sick People.




Intraoperative Aneurysm Rupture in Adult Patients

Table 4 Intraoperative parameters in the study patients
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Parameter Group N Group R Total p-Value
(n=163) (n=32) (n=195)
Tense brain, n (%) 84 (51.5) 20 (62.5) 104 (53.3) 0.33
Intravenous fluid—-administered Crystalloid (mL) 3733+976 4506 + 1025.7 3860 +1022.8 <0.001
(mean £ SD) Colloid (mL) 588 + 196.4 750 + 474.3 680 + 320.2 <0.001
Urine output (mL) 1219 £ 690.4 1240 £ 690.4 1240 £ 690.4 0.32
(mean £ SD)
Blood loss (mL) 405+ 232 992 + 505.7 502+ 365 <0.001
(mean + SD)
Blood loss > 500 mL, n (%) 44 (26.9) 28 (87.0) 72 (36.2) <0.001
Patients receiving blood transfusion, n (%) 25(15.3) 25 (78.1) 50 (25.6) <0.001
Temporary clip time (min) 74+6.8 14479 8.63+7.4 <0.001
(mean £ SD)
Duration of surgery (Hours) 5.1+1.01 56+1.15 5.2+ 1.05 <0.05
(mean = SD)
Tracheal extubation in operation theater, n (%) 66 (40.4) 4(12.5) 70(35.9) <0.05
Table 5 Various postoperative variables and complications in the study group
Variable Group N Group R Total p-Value
(n=163) (n=32) (n=195)
Hematoma 9 (5.5) 7(21.8) 16 (8.2) 0.002
Hydrocephalus 16 (9.8) 2(6.2) 18(9.2) 0.12
Cerebral vasospasm 36 (22.0) 8(25) 44 (22.5) 0.71
Cerebral infarct 33(20.2) 16 (50) 49 (25.1) 0.002
Decompressive craniectomy 10 (6.1) 10(31.3) 20(10.3) <0.001
Hemiparesis 51(31.2) 16 (50) 67 (34.3) 0.04
Meningitis 10 (6.1) 0 (0) 10 (5.1) 0.15
Sepsis 32(19.6) 8(25) 40 (20.5) 0.49
Pneumonia 25 (15.3) 7(21.8) 32(16.4) 0.36
Renal failure 7(4.2) 2(6.2) 9 (4.6) 0.6
Hyponatremia 20(12.2) 6(18.7) 26 (13.3) 0.32
Hypernatremia 9(5.5) 3(9.3) 12(6.1) 0.40
Postoperative ventilation 97 (59.5) 27 (84.4) 124 (63.6) <0.05
Prolonged Ventilation (> 5 days) 45 (27.6) 16 (50) 61(31.3) 0.01
Tracheostomy 33(20.2) 14 (43.7) 47 (24.1) 0.00

Note: All parameters are expressed in n (%)

Duration of surgery was longer in group R (p < 0.05).
Significantly, more patients (40.49% vs. 12.50%) were extu-
bated at the end of the procedure in group N. Postoperatively,
significantly, more patients in group R developed intracranial
hematoma and required surgical evacuation (=Table 5). Half
of the total patients (50%), who suffered IAR, developed cere-
bral infarct compared with 33 (20.24%) patients in group N (p
=0.002). Significantly, more patients (31.3% vs. 6.1%) in group
R required decompressive craniectomy. Other important
postoperative complications included cerebral vasospasm
(diagnosed by transcranial Doppler and/or angiography),
hydrocephalus, meningitis, pneumonia, sepsis, dysnatre-
mia and renal failure, which were statistically comparable
between the study groups. Duration of MV was significantly
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more in group R patients. Overall, median postoperative hos-
pital stay was 10 (range 01-142) days, and total hospital stay
was comparable between the two groups.

At discharge from hospital, 87 patients (53.37%) of group
N and 11 (34.37%) patients in group R had outcome of GOS
V (=Table 6). Overall, there were 35 (17.94%) fatalities (GOS
1), of which 10 (31.2%) were in group R and 25 (15.3%) in
group N. Across various GOS grades, distribution of patients
in the two groups was statistically comparable. Majority
of patients (60.74%) in group N had favorable neurological
outcome (GOS V and 1V) compared with 37.50% patients
in group R. Unfavorable neurological outcome occurred
in 64 (39.26%) and 20 (62.5%) patients in group N and R,
respectively (p = 0.013). On univariate analysis, none of
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Table 6 Distribution of patients in various GOS grades and neurological outcome

Neurological outcome Group N Group R Total p-Value
(n=163) (n=32) (n=195)
GOS Y 87 (53.3) 11(34.3) 98 (50.2) 0.12
\Y% 12(7.3) 13.1) 13 (6.7)
Il 30(18.4) 8 (25) 38(19.4)
[ 9(5.5) 2(6.2) 11 (5.6)
| 25(15.3) 10 (31.2) 35(17.9)
Favorable outcome (GOS IV, V) 99 (60.7) 12 (37.5) 111 (56.9) 0.01
Unfavorable outcome (GOS I, 11, 1lI) 64 (39.2) 20 (62.5) 84 (43)

Abbreviation: GOS, Glasgow Outcome Scale.
Note: All parameters are expressed in n (%)

the demographic or preoperative variables were related to
occurrence of IAR, but intraoperative blood loss > 500 mL,
use of colloids and duration of surgery > 5 hours had signif-
icant association with IAR. However, after multiple logistic
regression analysis, only intraoperative use of colloids and
duration of surgery > 5 hours were found to be the most pre-
dictive variables for IAR.

Discussion

Despite IAR being a relatively frequent and potentially cat-
astrophic complication in patients undergoing surgical
clipping following aSAH, unfortunately, there is not much
substantive evidence on factors leading to IAR and its influ-
ence on neurological outcome of these patients. In this study,
patients in group R had more intraoperative and postoper-
ative complications and unfavorable neurological outcome.
Although earlier studies reported higher IAR rates in
patients undergoing aneurysm clipping following aSAH, we
found IAR rate of 16.41%, which is comparable to recent repo
rts.>67-9 Geographical variations, inclusion/exclusion of minor
bleeds during clip application, improvement in microsurgical
techniques, neurosurgeons’ experience, and anesthetic tech-
nique might be causal to this wide variation in IAR incidence.
Lakicevic and colleagues reported higher incidence of
IAR in male patients (20.38% vs. 10.14), but no other study
found such results.!® In our study, IAR rates were comparable
between male and female patients (15.05% vs. 17.64%).
Amongst the various risk factors, hypertension is the most
important for formation and rupture of cerebral aneurysm.
Hypertension leads to increase in the transmural pressure
gradient across the cerebral aneurysm, increasing risk of rup-
ture in poorly controlled hypertensive patients,!'" however,
IAR may also occur in patients with well-controlled hyper-
tension. In our study, both hypertensive and normoten-
sive patients had comparable IAR rates (20.28% vs. 14.28%).
Diabetes mellitus is also suggested to increase risk of aneu-
rysm rupture.'?!* Although all patients in our study cohort
suffered aSAH, it is interesting that all seven diabetic patients
were in group N. Elijovich and coworkers suggested that
comorbidities like coronary artery disease (CAD) and chronic
obstructive pulmonary disease (COPD) are linked with
increased risk of IAR, probably due to altered vessel wall

strength, caused by associated risk factors such as smoking
and hypertension.! However, a very small number of patients
in our study (we had only one patient each with CAD and
COPD) precludes us to make any observation on it.

Although Le Roux et al described similar incidence of IAR
in good and poor grade SAH patients,' in our study, majority
of patients suffering IAR belonged to good grades (Hunt and
Hess'—71.87% and WFNS—78.12%), probably due to larger
proportion of good grade patients in the study cohort (Hunt
and Hess'—79.4% and WFNS—77.8%). However, Fischer's
grading had almost similar distribution of good and poor
grades (53.12% vs. 46.87%) in group R.

Relationship between location of aneurysm and IAR is also
not clear. Anterior cerebral artery, ACOM artery, posterior
inferior cerebellar artery, and PCOM artery aneurysms have
been reported to have higher IAR rates in different studies.!>'®
However, Sundt et al did not find relation between location of
aneurysm and IAR,'” and our study also found similar results.

Size of aneurysm seems to substantially affect rate of
IAR, with smaller aneurysms being less vulnerable.'® In our
study, 12 patients (6.15%) had giant aneurysm, out of which
only one patient suffered IAR. However, our data lacked in
differentiation between small/large size; therefore, based on
available data, we cannot make any substantial statement on
this issue.

Recently, Hsu and coworkers reported experience of the
surgeon and preoperative Glasgow coma scale (GCS) score
of the patients as independent predictors of major intra-
operative rupture.’ In our study, we could not analyze role
of surgeons’ experience in IAR because of inadequate data;
however, preoperative GCS scores were comparable between
the study groups.

Early surgical intervention is preferred to minimize risk of
rebleeding which is very high in initial few days after aSAH
and is considered a neurosurgical emergency. However, less
than half (42.56%) of our study patients got admitted to the
hospital within 3 days of ictus (early surgery). Although con-
troversial, early surgery after SAH is reported to be associated
with higher IAR rates. Schramm and Cedzich reported 40.2%
incidence of IAR in early surgery group against 20.7% in sur-
gery after 72 hours of SAH.™ Lakicevic et al found 58.23% IAR if
surgery was undertaken within 10 days after SAH.!° However,
Kassell and associates did not find a difference in IAR in early
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versus late surgery.’ Similarly, we also found comparable IAR
rates in the early and late surgery group. However, if early and
intermediate surgery groups are combined, then 71.87% IAR
falls into this group against late surgery group. This higher
risk is due to higher fragility of blood clot sealing the original
rupture site, which is further increased by technical difficul-
ties in surgical dissection in early surgery group because of
a tight brain. Kassell et al noted a tight brain in nearly half of
the patients undergoing surgery on day zero or one after SAH
compared with 20% patients undergoing surgery >10 days
after aSAH.® Frequency of finding a tense brain decreased
progressively (67.79%, 56% and 36.6%) for early, intermediate
and late surgery groups in our study. Heuer and colleagues
noted elevated intracranial pressure (> 20 mm Hg) in 48.7%
of good (I, II, II) and 63.6% poor (IV, V) Hunt and Hess’ grade
patients during their hospital course and found intraopera-
tive cerebral swelling, which is significantly associated with
raised intracranial pressure.” We found a tense brain in
70 patients (45.16%) in good and 35 patients (87.50%) in poor
Hunt and Hess’ grades, however, intracranial pressure was
not measured in our study. About one-fifth (20%) of these
patients suffered IAR.

IAR has been classically described by way of three stages
during the surgery.?'?? In our study, while 9 IARs (28.25%)
occurred during dissection phase of surgery, the remaining
23 (71.87%) 1ARs occurred during clip application on the
aneurysm. Rupture during dissection of aneurysm can occur
because of “tugging” on tissues adherent to the aneurysm or
by direct tearing or puncture of the aneurysm by dissecting
instruments.

Fridriksson and colleagues reported longer temporary
clipping time in cases of IAR compared with when temporary
clip is applied to facilitate dissection of aneurysm.? There is
difference between “voluntary” versus almost “compulsory”
indication of temporary clipping in these two surgical situa-
tions. In our study, too, temporary clipping time was signifi-
cantly more in group R patients. Temporary clip application
on the feeding vessels substantially decreases perfusion to
the dependent areas, imposing ischemic risk; however, its
threshold limits are controversial.*#?> Various physiologi-
cal and pharmacological cerebral protective measures have
been studied for decreasing this risk; however, they were
not found to be beneficial.?¢*® The key to successful man-
agement during major rupture are surgeons’ experience and
skill in controlling torrential bleeding and aneurysm clipping
in addition to a vigilant neuroanesthesiologist maintaining
adequate cerebral perfusion with rapid infusion of intra-
venous fluids, blood transfusion and use of vasopressors, if
needed. Recently, adenosine-induced cardiac arrest has been
reported with good results in face of IAR, but it needs to be
planned in advance and have certain contraindications.?® In
our study, adenosine was not used in any case of IAR.

Postoperatively, more patients in group R developed
intracranial hematoma requiring surgical evacuation, and
cerebral infarct requiring decompressive craniectomy and
hemiparesis. All these complications led to prolonged dura-
tion of MV. Although Ramaiah and colleagues reported
higher incidence of cerebral vasospasm in patients afflicted
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with IAR (33.8% vs. 19.7%),° Sheth and coworkers did not find
such influence of IAR.*® We also found similar incidence of
cerebral vasospasm between the study groups.

Whether occurrence of IAR affects neurological out-
come of patients undergoing aneurysm clipping follow-
ing aSAH is controversial. Although Schramm and Cedzich
suggested that, in experienced hands, IAR is not necessar-
ily associated with increased risk of unfavorable outcome,'
Lin et al reported poor outcome in major intraoperative
rupture.® Ramaiah and colleagues also did not find signifi-
cant impact of IAR on neurological outcome.® However, in
our study, unfavorable outcome (GOS I, Il and II) occurred in
significantly more patients in group R (62.50% vs. 39.26%).
In other words, more patients who did not suffer IAR had
favorable neurological outcome.

Our study does have some limitations, for example, retro-
spective study design, no differentiation of major and minor
aneurysm ruptures, no data about surgical experience, and
no posterior circulation aneurysm. Further large studies
across major centers, analyzing all important factors as dis-
cussed, are required to elucidate risk factors for IAR and its
effect on neurological outcome of these patients precisely.

Conclusions

Our study focused on evaluating impact of IAR during aneu-
rysmal clipping on various intraoperative and postoperative
complications and neurological outcome of these patients.
We found significantly more blood loss, intravenous fluid
administration, blood transfusion, and longer temporary clip-
ping due to this serious complication. Our data demonstrates
that patients afflicted with IAR develop several serious com-
plications and have worse neurological outcome. However,
more large studies are needed to validate these results.
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