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Introduction

Intraoperative rupture (IOR) is the most anticipated yet dreaded
complication during intracranial aneurysmal surgery, leading to
severe adverse outcomes. This study aims to analyze various risk
factors contributing to IOR.

Methods

It was an analytical study of 46 cases of intracranial aneurysms
treated at Department of Neurosurgery, Bir Hospital including
both ruptured (n=43) and unruptured (n=3) aneurysms. Incidence
of I0R, demographic data, preoperative grading scales, aneurysm
morphology, phases and severity of IOR along with postoperative
complications and outcomes were assessed.
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Results

IOR occurredin28.26% (13/46) cases of intracranialaneurysms. Most
common aneurysm was anterior communicating artery aneurysm
(43.5%, 20/46) with majority of I0R (65.1%).Younger patients and
males had higher rates of IOR, and early surgical intervention (within
72 hours) was associated with increased incidence (69.2%,9/13).
Although preoperative factors showed no direct correlation with IOR,
aneurysm size and morphology - dome height and width ratio (H/W)
and irregular shapes of aneurysm emerged as critical risk factors
(p<0.05). Temporary clipping during surgery appeared to reduce IOR,
mostly mild (13.04%, 6/13) and occurred in second phase (17.39%;
8/13, during microdissection and neck preparation). However, IOR
did not have adverse effects on postoperative complications and
Glasgow Outcome Scale Extended (GOSE) at discharge.

Conclusion
Incidence of IOR was 28.65%. Younger age, males, higher Fisher
score, early timing of surgery of aneurysms and larger size increased

DOl the risk, while use of temporary clip reduced the risk. Dome H/W ratio

10.59779/jiomnepal. 1331 and irregular shapes of aneurysm were important factors predicting
IOR in this study.
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INTRODUCTION

ntracranial cerebral aneurysms are the most

challenging pathology even in era of modern

neurosurgery. Many patients with ruptured
cerebral aneurysm die before reaching hospital,
while half live with severe disability. International
Study of Unruptured Intracranial Aneurysms (ISUIA)
trial states risk of rupture from <0.5% -2-5% per
year. This demands need for timely management
of both ruptured and unrptured aneurysms which
involves microsurgical clipping or endovascular
methods.

Intraoperative rupture (IOR) and the risk factors are
scarce in literature. Incidence of IOR is estimated to
be5-50%.'Kasselreportedincidence of IOR 0of 26 %2,
whereas, Graf has IOR of 18%.2 It is much lower
during endovascular procedures(2.4% and 2.9%).4
Schramm and Cedzich reported more frequent IOR
in aneurysms of anterior communicating artery.®
The size of aneurysm affects IOR with smaller
diameter having lower rate.® Delayed surgery
reduces risk of IOR.” Majority of IOR (58.23%)
happened in early surgeries (first 72 hours after
SAH)." Expertise of operating neurosurgeon has
shown to find prompt solution for disastrous
bleeding, reduces time of temporary clipping,
surgical mortality and improves outcome.®

Microsurgical clipping is commonly performed
procedure at National Neurosurgical Referral
Centre, Bir Hospital. However, there is only one
retrospective study from our centre in 2011 done
in 127 patients over byears, stating the incidence of
IOR to be 13.2%.° Our study performed after more
than a decade where case volume has markedly
increased aims to identify incidence along with
demographic and clinical profile, morphology
of aneurysm and various perioperative factors
influencing 10R. Hence, this study will contribute
to new surgical protocol refining the existing one.

METHODS

This was an analytical study done in Department of
Neurosurgery, Bir Hospital, Kathmandu, Nepal in 46
patients from November 2023 to June 2024; after
approval from Institutional Review Board, National
Academy of Medical Sciences (Reference Number
— 574/2080/81). The study utilized nonprobability
(convenience) sampling, excluding individuals
under 18 years of age and those unable or unwilling
to provide informed consent.

Evaluations were performed by residents or
consultant neurosurgeons. After evidence of
aneurysmal subarachnoid hemorrhage (aSAH) or
clinical suspicion, CT angiography was conducted,
with  digital subtraction angiography (DSA)
performed if CT angiography results were negative.
Aneurysm morphology was assessed using 3D

reconstructions from both CT angiography and DSA.
Aneurysm clipping procedures were carried out
by consultant neurosurgeons, with perioperative
variables recorded on semi-structured proforma.
At our hospital, there is a standard operating
procedure that recommends maintenance of the
blood pressure at a mean arterial pressure at 90-110
mm Hg during clipping surgery. On IOR, the patients
were ventilated with pure oxygen, while maintaining
the mean arterial pressure. Temporary parent artery
occlusion and suctioning were allowed for managing
IOR followed by definitive clip placement. Adequate
aneurysm occlusion and parent artery patency were
confirmed by indocyanine green video angiography
in all cases. Postoperative CT scans were performed
as required.

Postoperative length of hospital stay (LOS) was
taken from day of surgery to discharge. IOR
defined as any bleeding from aneurysm neck or
dome requiring surgical measures to stop.’® Size
of aneurysm' categorised as: Small : <12mm,
Big: 12mm-25mm and Giant : >25mm. Aneurysm
morphology " were defined as size: maximum
distance of dome from neck plane, aspect ratio
(AR): calculated from maximum perpendicular
height divided by average neck diameter, Size
ratio (SR): maximum height divided by mean
vessel diameter of all branches associated, Height:
maximum perpendicular distance of dome from
neck plane, width: maximum width parallel to neck,
height-width (H/W) ratio: ratio of height to width,
aneurysm width—parent artery diameter (W/L) ratio:
between aneurysm diameter and associated vessel
diameter, flow angle (FA): angle between maximum
height and parent vessel. Aneurysms were divided
into single-sac aneurysm with regular margin (SSR),
single-sac aneurysm with unregular margin (SSUR)
or lobulated aneurysm. SSRs were considered
regular aneurysms (RAs), and other morphologic
subtypes were classified as irregular aneurysms
(IRAs).

Timing to clipping' was categorized as: early:
<72 hours, intermediate: 4-10 days, late: >11
days and phases of aneurysm rupture'? as first
phase: initial exposure or predissection, second
phase: actual dissection or microdissection and
third phase: clipping of aneurysm. Severity of IOR
was defined according to Thomas and Jennifer
as minor , moderate, and major'? (minor: small
and easily controlled by 3-French microsuction,
moderate:requiring temporary occlusion of proximal
arterial segment or tamponade of the aneurysm and
major: significant hemorrhage with hemodynamic
changes. Delayed ischemic neurological deficit
(DIND)™ has been defined to differentiate from
VS identified on imaging examinations, as focal
(hemiparesis, aphasia, hemianopia, or neglect) or
global (two points decrease on Glasgow Coma
Scale) new onset neurological impairment lasting
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for at least 1 h and/or cerebral infarction, when all
other potential causes of clinical deterioration were
excluded (hydrocephalus, seizure, rebleeding, and
hyponatremia).

All data were analyzed using SPSS (version 22.0).
The results were expressed as the meanzSD/
median (range) for the quantitative data. The
categorical data were compared using x? test or
Fisher's exact test. Univariate and multivariate

analysis were done to correlate various variables.
p-value < 0.05 was taken as statistically significant.

RESULTS

Total of 46 patients were studied prospectively
out of which majority 93.47%(43/46) was of aSAH
and only 6.5 % (3/46)was of unruptured aneurysm.
Majority were females 73.9% (34/46) and most
patients (78.3%;36/46) had KPS of 100.

Table 1. Demographics, clinical characteristics and postoperative outcomes of
patients with IOR

Characteristics Values
Age (Mean+SD) 53.5+11.6
Sex Male 12 (26.1)
Female 34 (73.9)
KPS 100 36 (78.3)
90 9(19.6)
80 1(2.2)
Ictal day(Mean+SD)/Median(IQR) 5.3+£5.9, 3(2,5)
Smoking and alcohol None 21(45.7)
Alcohol only 2(4.3)
Smoking only 18(39.1)
Both 5(10.9)
Past history of SAH 0
Family history 0
Preoperative hydrocephalus 4(8.6)
Preoperative hematoma 4(8.6)
Location of aneurysm Acom 20(43.5)
MCA 9(19.6)
ICA 8(17.4)
Pcom 6(13)
DACA 3(6.5)
Postoperaptive Qutcomes
Postoperaptive None 21(45.7)
complications Vasospasm 18(39.1)
DIND 5(10.9)
Hemiparesis 4(8.7)
Infarction 2(4.3)
Seizure 1(2.2)
HCP 1(2.2)
Ventriculitis 1(2.2)
Mechanical ventilator days (Mean+SD) 1.4+1.7
GOSE at discharge Dead (1/8) 5(10.9)
Lower severe disability (3/8) 3(6.5)
Upper severe disability (4/8) 1(2.2)
Lower good recovery (7/8) 5(10.9)
Upper good recovery (8/8) 30(65.2)
Length of ICU stay median(IQR) 4(3,5)
LOS Median(IQR) 14(11,147)
Mean duration of surgery (min) Mean+SD 202.5+75.2
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Table 2. Preoperative grading of patients with
ruptured aneurysm

Grading System

Number (%)

Modified Fisher Grade
1
2
3
4

5 (11.6)
2(4.7)
25 (68.1)
11 (25.6)

Hunt and Hess Grade
1
2
3
4

3 (7.0)
33 (76.7)
5 (11.6)
2(4.7)

WEFENS Grade
1

2
3
4

32 (74.4)
3 (7.0)
4(9.3)
4(9.3)

Mean age of patients was 53.5 years (SD = 11.6).
Hypertension was present in 54.3% and 39.1% of
the patients were smokers. Mean number of ictal
days was 5.3 (SD = 5.9), with range of 26 days .
Acom aneurysm (43.5%) was most common.
(Table1).

Majority of the ruptured aneurysm had Modified
Fisher grade 3 (58.13%,25/43), Hunt and Hess
grade 2 (76.76%,33/43) and WEFNS grade 1
(74.41% ,32/43). (Table 2) VS and DIND occurred
in 39.1%(18/46) and 10.9%(5/46) respectively.
Most patients (65.2%) had GOSE 8/8. Median
length of ICU and hospital stay was 4 and 14 days
respectively. (Table 1).

Majority (47.8%,22/46) had early surgery, dome
being mostly anterior and 87.0% (40/46) were small
aneurysms with 93.47%(43/46) single aneurysm.
Mean neck size was 4.4 mm (SD + 1.8), aspect ratio
1.7 (SD = 0.9), size ratio 1.6 (SD = 0.9), H/W ratio
1.2 (SD = 0.3) , W/L ratio1.4 (SD + 0.9) and mean
flow angle 69.7 degrees (SD + 30.5).65.21%(30/46)
SSUR, 21.73%(10/46) SS and 13.03%(6/46) were
lobulated, hence 78.26% were IRA. IOR occurred
in 28.26%(13/46). Nearly17.39%(8/13) IOR occurred
during second phase and was mild in 13.04%(6/13).
(Table 3).

On univariate and multivariate logistic regression
analysis mean age for patients with rupture was
lower at 52.3+11.1 years (p=0.54), higher in males
(30.8% vs. 24.2%,p=0.54 and p=0.46),shorter ictal
days (3.3 vs. 6.2 minutes, p=0.08) and increased
smoking/alcohol use (23.1% vs. 6.1%, p=0.32)
with MFS-3 (69.2% vs. 53.3%) and higher Hunt and
Hess grades (p=0.62 and p=0.47).(Table 4).

Acom aneurysms and early surgeries had frequent

ruptures (69.2% vs. 39.4%, p=0.18, 65.1% vs.
36.4%,p=0.23). Temporary clipping time was
shorter in ruptures (3.3+£3.0 minutes vs 6.2+6.6
minutes, p=0.08, p=0.63),but in 76.9% of IOR
temporary clip was not used (Table 5).

Ruptured cases had slightly larger dome height,
width (11.4+14.9 mm, p=0.340,12.3+16.2,p=0.96),
neck (4.8+2.2 mm, p=0.40) but lower flow angles
(59.6+£274, p=0.19). H/W ratio was lower in ruptures
(1.0£0.3vs. 1.3+0.3, p=0.002 ,a0OR=0.044, 95%
Cl=0.002-1.155, p=0.06).Shape and margin were
significant (p=0.001;p=0.04), with SSUR and IRA
being more frequent in ruptures(aOR=1.075, 95%
Cl=0.000-NA, p=1.00;a0R=0.000, 95%CI=0.000-
NA,p=1.00) (Table 6).

DISCUSSION

IORisthe mostanticipated,yetdreaded complication
of aneurysm clipping. Among 46 cases in our
study, 43 cases were ruptured aneurysms with
three unruptured aneurysm without aSAH. There
was no IOR in all three unruptured aneurysms.
Importantly, all 1OR in our study occurred in aSAH
during clipping,highlighting ruptured status as the
significant risk factor. We had 28.26%(13/46) 10R,
similarto Kasseletal. (26%)?I0OR has preponderance
to ruptured aneurysms than unruptured (6-40% vs
1-20%)making ruptured status itself risk factor™
supporting our study as 93.47%(43/46) of cases
included in our study were ruptured aneurysms
with aSAH. IOR has substantially increased in our
centre in contrast to retrospective study done in
127 patients in 2011 (13.2%),underscoring learning
curve in aneurysm clipping.®

IOR was more common in younger patients and
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Table 3. Morphology of aneurysm and procedure characteristics

Characteristics Values
No of aneurysm Single 43(93.47)
Multiple 3(6.52)
Aneurysm morphology Dome height(Mean+SD) 9.7+10.2
Dome Width (Mean+SD) 9.3+11.0
Size of neck(mm) (Mean+SD) 4.4+1.8
Size Small <12mm 40(87)
Big (12-25mm) 5(10.9)
Giant >25mm 1(2.2)
Aspect ratio Aspect ratio 1.7+0.9
Size ratio Size Ratio 1.6+0.9
W/L ratio W/L ratio 1.4+0.9
Flow angle Flow Angle 69.7+30.5
H/W ratio H/W ratio 1.2+0.3
Shape SSR 10(21.73)
SSUR 30(65.21)
Lobulated 6(13.03)
Margin RA 10(21.73)
IRA 36(78.26)
Use of temporary clip No 35(76.1)
Median blood loss (ml) Median (IQR): 300(200,425)
Timing of surgery Early 22(4782)
Intermediate 14(30.43)
Late 10(21.73)
Dome projection Anteroinferiorly 5(10.9)
Anterolateral 5(10.9)
Anterosuperiorly 5(10.9)
Laterally 5(10.9)
Posterinferiorly 4(8.7)
Inferiorly 3(6.5)
Posterolaterally 3(6.5)
Superiorly 3(6.5)
Anteriorly 2(4.3)
Anteromedially 2(4.3)
Posteriorly 2(4.3)
Superolaterally 2(4.3)
Inferolaterally 1(2.2)
Posterolateral 1(2.2)
Posteromedially 1(2.2)
Posterosuperiorly 1(2.2)
Superiomedially 1(2.2)
Superoposterolateral 1(2.2)
Intraoperative rupture (IOR)  Absent 33(71.73)
Present 13(28.26)
Severity of IOR Mild 6(13.04)
Moderate 5(10.86)
Major 2(4.3)
Phases of IOR Second phase 8(17.39)
Third phase 5(10.86)
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Table 4. Comparison of demographics and clinical characteristics between patients with IOR and

without IOR
IOR
Characteristics p-value
No Yes
Number
Ruptured aneurysm 30 13
Unruptured 3 0
Age (Mean+SD) 54.0£11.9 52.3+11.1 0.54*
Sex 0.46%*
Female 25(75.8%) 9(69.2%)
Male 8(24.2%) 4(30.8%)
KPS 0.41
100 1(3.0%) 0(0.0%)
90 5(15.2%) 4(30.8%)
80 27(81.8%) 9(69.2%)
Comorbidity 0.93
None 11(33.3%) 5(38.5%)
Hypertension 18(54.5%) 7(53.8%)
Diabetes Mellitus 1(3.4%) 0(0.0%)
Both 1(3.0%) 0(0.0%)
Thyroid Disorder 2(6.1%) (7.7 %)
Ictal (Mean+SD) 6.2+6.6 3.3+3.0 0.08*
Smoking and Alcohol 0.32
None 16(48.5%) 5(38.3%)
Alcohol only 1(3.0%) W77 %)
Smoking only 14(42.4%) 4(30.8%)
Both 2(6.1%) 3(23.1%)
Modified Fisher Grade 0.62
1 4(13.3%) 7.7 %)
2 1(3.3%) 7.7 %)
3 16(53.3%) 9(69.2%)
4 9(30.0%) 2(15.4%)
Hunt and Hess Grade 0.47
1 3(10.0%) 0(0.0%)
2 22(73.3%) 11(84.6%)
3 3(10.0%) 2(15.4%)
4 2(6.7%) 0(0.0%)
WEFNS Grade 0.09
1 19(63.3%) 13(100.0%)
2 3(10.0%) 0(0.0%)
3 4(13.3%) 0(0.0%)
4 4(13.3%) 0(0.0%)
Location of Aneurysm 0.23
Acom 12(36.4%) 8(61.5%)
MCA 9(27.3%) 0(0.0%)
ICA 5(15.2%) 3(23.1%)
Pcom 5(15.2%) 7.7 %)
DACA 2(6.1%) 7.7 %)

* Mann-Whitney U test, Chi-Square test,** Fisher Exact test
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Table 5. Comparison of procedure characteristics and postoperative outcomes between patients with IOR

and without IOR
IOR
Characteristics p-value
No Yes
Duration of Surgery 212.2+775 179.2+66.3 0.20
Timing of surgery 0.18
Early 13(39.4%) 9(69.2%)
Intermediate 12(36.4%) 2(15.4%)
Late 8(24.2%) 2(15.4%)
Use of Temporary Clip 0.63**
No 25(75.8%) 10(76.9%)
Yes 8(24.2%) 3(23.1%)
Postoperative Complications
DIND 5(15.2%) 7.7 %) 0.45
Vasopasm 13(39.4%) 5(38.5%) 0.95
Seizure 1(3.0%) 0(0.0%) 0.53
Infarct 3(9.1%) 0(0.0%) 0.36
HCP 2(6.1%) 0(0.0%) 0.51
Ventriculitis 1(3.0%) 0(0.0%) 072
Hemiparesis 3(9.1%) 0(0.0%) 0.36
Mechanical Ventilator Days (Mean+SD) 1.5+1.9 1.3%£1.2 0.88*
GOSE 0.66
Dead 4(12.1%) U7.7%)
Lower Severe Disability 3(9.1%) 0(0.0%)
Upper Severe Disability 1(3.0%) 0(0.0%)
Upper Moderate Disability 2(6.1%) 0(0.0%)
Lower Good Recovery 3(9.1%) 2(15.4%)
Upper Good Recovery 20(60.6%) 10(76.9%)
Length of ICU Stay Median (IQR) 4(3.5) 5(3,5) 0.68*
LOS Median (IQR) 13.5(11.0,16.2) 14(11.0,17.5) 0.99*

* Mann-Whitney U test, Chi-Square test,** Fisher Exact test

males (4/12,33.33%),similar to study by Novak et.al.’
We found lower IOR with higher KPS scores, a factor
not yet explored in other studies. Comorbidities,
smoking and alcohol did not show direct correlation,
contrary to Sharma et. al.’®, although our study did
observe higher IOR in alcohol users and smokers.
Preoperative MFS, Hunt and Hess and WFNS grade
had no correlation, although most IOR occurred in
MF-3 and higher Hunt and Hess grades.

Early surgery accounted majority of IOR (9/13,
69.3%) aligning with most literatures (58.23% in
early surgeries, 27.54% in intermediary period and
24.27% in delayed surgeries)." Delayed surgery
reduces IOR.2'® Schramm and Cedzich® noticed
more |[ORin Acomaneurysms', also MCA aneurysm
in some series are associated with lower IOR,
similar to our study with no IOR in MCA aneurysm.
Ruptured Acom aneurysms were more (43.47%,
20/46) in our study, with higher IOR (61.5%,8/13).

Aneurysm size affects IOR, with larger diameters
showing IOR . In our study, most aneurysms were
small; and one giant aneurysm, that had IOR,
supporting previous studies. While not statistically
significant, IOR was observed more frequently with
larger dome width and height. Dome projection
was not significant, but our study reflected less
IOR in posterior projection, consistent with Acom
aneurysm studies.” Our findings suggest that larger
neck and W/L ratio increase IOR, with significant
lesser HAWWV ratio (p<0.05). Study by Jirjees et.al®
mentioned that larger neck and size are risk factors
contributing to IOR. Additionally, irregular single-sac
aneurysms (SSUR/IRA) emerged as independent
risk factors (p<0.05), similar to study by Lukas et
al., 2018 (IOR greater in IRAs than RAs ,31.1% vs.
9.4% ,p =0.02). ©

Temporary clipping reduced IOR incidence (76.9%
vs. 23.1%) in our study, aligning with findings that
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Table 6. Comparison of aneurysm morphology between patients with IOR and without IOR

IOR
Characteristics p-value
No Yes

No of aneurysm 0.33**

Single 27(90.0%) 13(100.0%)

Multiple 3(10.1%) 0(0.0%)
Size of dome 0.26

Small 12mm 29(87.9%) 11(84.6%)

Big (12-25mm) 4(12.1%) 177%)

Giant 25mm 0(0.0%) 7.7%)
Dome height (Mean+SD) 9.0+76 11.4+£14.9 0.34
Dome width (Mean+SD) 8.1+8.2 12.3+16.1 0.96
Dome projection 0.44

Anteriorly 2(6.1%) 0(0.0%)

Anteroinferiorly 2(6.1%) 2(15.4%)

Anterolateral 4(12.1%) 7.7 %)

Anteromedially 0(0.0%) 2(15.4%)

Anterosuperiorly 3(9.1%) 2(15.4%)

Inferiorly 2(6.1%) 7.7 %)

Inferolaterally 1(3.0%) 0(0.0%)

Laterally 5(15.2%) 0(0.0%)

Posterinferiorly 2(6.1%) 2(15.4%)

Posteriorly 1(3.0%) 7.7 %)

Posterolateral 1(3.0%) 0(0.0%)

Posterolaterally 3(9.1%) 0(0.0%)

Posteromedially 1(3.0%) 0(0.0%)

Posterosuperiorly 1(3.0%) 0(0.0%)

Superiomedially 0(0.0%) (7.7 %)

Superiorly 2(6.1%) 17.7%)

Superolaterally 2(6.1%) 0(0.0%)

Superoposterolateral 1(3.0%) 0(0.0%)
Size of neck(mm) mean £SD 4.2+1.6 4.8+2.2 0.40*
Aspect ratio 1.9+0.9 1.5+0.8 0.06*
Size ratio 1.6+0.9 1.4+1.0 0.39*
W/L ratio 1.4+0.6 1.6+14 0.93*
Flow angle 74.0£31.3 59.6+274 0.19*%
H/W ratio 1.3+0.3 1.0+£0.3 0.002*
Shape 0.001

SSUR 17(51.5%) 13(100.0%)

SSR 10(30.3%) 0(0.0%)

Lobulated 6(18.2%) 0(0.0%)
Margin 0.04**

IRA 23(69.7%) 13(100.0%)

RA 10(30.3%) 0(0.0%)

* Mann-Whitney U test, Chi-Square test,** Fisher Exact test
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it lowers I0OR risk. "While I0OR didn’t impact GOSE
or postoperative complications, hospital and
ICU stays were longer in cases with IOR . This is
supported by Seth et.al stating that IOR doesn't
influence vasosapam.®This may be explained by
strategic management of IOR with experience of
operating neurosurgeons .'“This is in contrast to
other studies which have stated that IOR is very
likely to increase chance of permanent neurological
deficit or death, and may be a risk for vasospasm
and delayed ischemia.?

CONCLUSION

IOR was a significant complication in intracranial
aneurysms during clipping, particularly in ruptured
ones with aSAH. Factors influencing IOR were
younger age and male sex, higher MFS and
Hunt and Hess grades, larger size, larger neck,
irregular morphology, higher W/L ratio, and early
surgical timing. Similarly, importance of aneurysm
morphology as larger size contributed to IOR
with less H/W ratio and irregular shapes were
independent predictors (p<0.05). Increased IOR
incidence in our center emphasizes the importance
of role of surgical expertise and experience,
underscoring importance of learning curve.

IOR did not directly affect the postoperative
complications, however, the length of ICU stay
and hospital stay had increased. So, meticulous
planning, particularly for high-risk cases such as
ruptured Acom aneurysms with strategies such
as temporary clipping and expertise development
in aneurysm surgery may help mitigate the risk of
IOR.
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