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THE EFFECTS OF ULTRA-EARLY CLIPPING ON SURVIVAL
AND NEUROLOGICAL OUTCOME IN POOR-GRADE
ANEURYSMAL SUBARACHNOID HAEMORRHAGE

Osman SIMSEK, Ahmet Tolgay AKINCI

Background and purpose — European Stroke
Organisation guidelines advise treating aneurysmal sub-
arachnoid haemorrhage (aSAH) as early as possible.
However, the optimum timing along with its beneficial
effects is controversial. Therefore, we aimed to investigate
the effects of ultra-early clipping on neurological outcomes
and survival in poor-grade aneurysmal subarachnoid
haemorrhages.

Methods — This retrospective study included all poor-
grade aneurysmal subarachnoid haemorrhage patients
treated by ultra-early surgical clipping at Trakya University
Hospital between January 1, 2001, and December 31,
2020. We analysed the outcome and mortality data of
these patients. Specifically, we evaluated the effects of
ultra-early clipping on outcomes, defined as within six
hours of the onset of symptoms.

Results — From 813 records, 212 met our inclusion crite-
ria. Of these, 117 (55.2%) were female and 95 (44.8%)
male. The mean age was 58.3 = 13.7 years. Glasgow
Outcome Scale scores differed significantly between age
groups, subarachnoid haemorrhage grades, those who
did and did not rebleed, and those who did or did not
suffer from vasospasms. A beneficiary relationship was
found between ultra-early clipping and mortality among
patients. Furthermore, favourable outcomes were signifi-
cantly more frequent in the ultra-early clipping group.
Conclusion - The aSAH patients treated at our hospital
who received ultra-early clipping had significantly lower
mortality rates and more favourable outcomes. The differ-
ence was significant among those treated during the last
decade and among patients younger than 50.
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AZ ULTRAKORAI KLIPELES HATASA A TULELESRE ES
A NEUROLOGIAI KIMENETEKRE SULYOS STADIUMU,
ANEURYSMARUPTURA OKOZTA
SUBARACHNOIDEALIS VERZES ESETEN
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Héttér és cél — A European Stroke Organisation irdnyelvei
szerint az aneurysmaruptura okozta subarachnoidealis vér-
zést (aSAH) a lehet8 leghamarabb kezelni kell. Mindazon-
dltal, a beavatkozds optimdlis ideje, és az dltala elérhets
elénysk egyel8re még nem fisztdzottak. Célunk ezért

az volt, hogy megvizsgdljuk az ultrakorai klipelés hatasét
a t0lélésre és a neurolégiai kimenetekre silyos stéddiumg,
aneurysmaruptura okozta subarachnoidealis vérzések esetén.
Médszerek — Retrospektiv vizsgalatunkba bevontuk mind-
azokat a sulyos stddiumd, aneurysmaruptura okozta sub-
arachnoidealis vérzésben szenvedd betegeket, akiket
2001. janudr 1. és 2020. december 31. kdzétt a Trakya
Egyetemi Kérhézban ultrakorai klipeléssel kezeltek. Ele-
meztik a bevont betegek neurolégiai kimeneteit és morta-
litdsi adatait. Ertékeltik az ultrakorai klipelés (definicid
szerint a tUnetek jelentkezése uténi 6 6ran bellli beavatko-
z4s) kimenetekre gyakorolt hatdsat.

Eredmények — 813 beteg kézil 212 felelt meg a bevondsi
kritériumoknak. A bevont betegek 55,2%-a né (n=117),
44,8%-a férfi (n=95) volt. Az atlagos életkor 58,3 + 13,7
volt. A Glasgow Kimeneti Skéla pontszamai szignifikdnsan
kilénbéztek az életkori csoportok, a subarachnoidealis
vérzés sulyossdga, az ismételt vérzés, illetve a vasospasmus
el&fordulésa szerint. Az ultrakorai klipelés hatdséra
csokkent a mortalitds, és a tébbi kedvez8 kimenet is szig-
nifikdnsan gyakoribb volt ebben a csoportban.
Koévetkeztetés — Azon aSAH-betegek kérében, akiket
kérhézunkban ultrakorai klipeléssel kezeltink, szignifikén-
san alacsonyabb mortalitds alakult ki, és egyéb kimeneteik
is szignifikdnsan jobbak lettek. A kildnbség szignifikans
volt a legutdbbi évtizedben (2010-2020) kezeltek és

az 50 évesnél fiatalabbak esetén.

Kulesszavak: cerebralis aneurysma, kimenet,
subarachnoidealis vérzés, id6zités, kezelés
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Aneurysmal subarachnoid haemorrhages (aSAH)
are major neurological emergencies, with a
yearly incidence of 2-32 per 100,000 people. The
prevalence of cerebral aneurysms is between
0.4% and 6%'3. 1t is a life-threatening condition,
with first-day mortality rates of 25%, in-hospital
mortality rates of 35%, and overall mortality
reaching 50%* °>. Amongst those who survive,
one-third have been found to have a poor quality
of life at one-year follow-up. Over 90% of
employed aSAH patients never return to work®. In
poor-grade aSAH, the mortality and morbidity are
even higher. A poor grade is defined as World
Federation of Neurological Surgeons (WFNS)
grade IV or V7:8,

Rebleeding is the leading complication associat-
ed with in-hospital mortality. It primarily occurs in
the first six hours after admission® °. European
Stroke Organisation guidelines suggest treating
aSAH as early as possible, or at least in the first 72
hours!!'"13, However, the optimum timing of inter-
vention and the beneficial effects of early surgery in
poor-grade aSAH are still debated® '* 5. The trend
for more aggressive treatments and the decline in
mortality over the last five decades suggests that
early intervention might be vital for poor-grade
aSAH patients'®-2,

Trakya University Health Centre for Medical
Research and Practice is the primary treatment cen-
tre for aSAH patients in the Trace region. The vast
majority of patients are referred to our institution
as it is the only centre in the area with the resources
and expertise to manage aSAH, including digital
subtraction angiography (DSA), endovascular
treatment and aneurysm clipping surgery. Our
institutional experience and resources have devel-
oped and improved over time. Our treatment proto-
col for aSAH has evolved into securing aneurysms
as early as possible. Before we had the comput-
erised tomography angiography (CTA) equipment,
emergency surgery was only performed for cere-
bral conditions such as midline shift or
haematoma. However, we have had access to CTA
around the clock for the last decade, which subse-
quently facilitated the ultra-early clipping. This
study defines ultra-early clipping as immediately
after initial resuscitation within six hours of the
onset of symptoms associated with the initial
bleeding.

This retrospective study aimed to investigate the
effects of ultra-early clipping on neurological out-
comes and survival in poor-grade aSAH.

Materials and methods
ETHICS STATEMENT

This study was conducted in accordance with the
tenets of the Declaration of Helsinki 1964 and
approved by the ethics committee of Trakya
University Health Centre for Medical Research and
Practice (approval no. TUTF-GOKAEK 2021/51).
Given the retrospective and anonymous nature of
the analysis, written informed consent was waived
by the ethics committee.

STUDY POPULATION

We retrospectively reviewed the electronic records
of all patients admitted to Trakya University
Hospital between January 1, 2001, and December
31, 2020.

CLINICAL MANAGEMENT

Before 2011, patients in respiratory distress and
those with a Glasgow Coma Scale (GCS) score of 8
or less were intubated after initial evaluation in the
emergency department. Once vitals were stabilised,
a CT scan was performed. DSA was performed on
grade I-III aSAH patients during working hours
when the Interventional Radiology Department was
accessible. Grade IV-V patients were followed up
in the intensive care unit, and DSA was performed
on those whose condition improved to grade I-III.
For those whose condition was not improved, no
intervention was made. Emergency surgery was
only performed for haematomas causing midline
shifts greater than 5 mm.

In 2011, a different algorithm was adopted,
allowing emergency surgery. This change in proto-
col was due to the hospital’s acquisition of CTA
equipment and its availability around the clock.
Following the implementation of the new algo-
rithm, those with GCS scores of 8 and under were
sedated and intubated. Those with GCS over eight
were intubated if in respiratory distress. If systolic
blood pressure was above 160 mmHg, it was
reduced. If subarachnoid haemorrhage (SAH) was
observed on CT, a single dose of tranexamic acid
was administered, and CTA was performed.
Surgical clipping treatments performed within the
first six hours after bleeding were defined as ultra-
early clipping. Surgical techniques used with high-
grade aSAH patients include large craniotomy,
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aggressive cisternal lavage, clipping and lamina ter-
minalis opening. In a minority of cases, decompres-
sive craniectomy was also performed.

All cases received steroids, antiepileptics, nimo-
dipine, sedatives, analgesics and laxatives. Clinical
management included haemodilution, preventing
hyponatraemia, maintaining normovolemia, appro-
priate support of systolic blood pressure and inter-
mittent cerebrospinal fluid (CSF) drainage via lum-
bar puncture or external ventricular drainage during
the vasospasm period. If rebleeding or vasospasm
were suspected, confirmation was obtained through
clinical diagnosis, and then confirmed radiological-
ly. All patients were followed up for at least six
months. Glasgow Outcome Scale (GOS) scores
obtained at the six-month follow-ups were used as
the outcome measure in this study.

DATA COLLECTION

The demographic, clinical and radiological data of
patients with diagnosis of subarachnoid haemor-
rhage were accessed via three sources: 1. Electronic
Health Records System (ENLIL) 2. Patient files
(Trakya University, Neurosurgery Department,
clinical archive) and 3. The picture archiving and
communication system.

The study inclusion criteria were: 1) A diagnosis
of aneurysmal subarachnoid haemorrhage con-
firmed by computed tomography; 2) A poor WENS
grade of aneurysmal subarachnoid haemorrhage
(grade 4 or 5); 3) Treatment by surgical clipping; 4)
Availability of complete documentation of patient
data.

The study exclusion criteria were: 1) Non-aneu-
rysmal causes of subarachnoid haemorrhage such
as trauma or arteriovenous malformation; 2) A
good WFNS grade of aneurysmal subarachnoid
haemorrhage (grade 1, 2 or 3); 3) Treatment by
endovascular coiling; 4) Incomplete documentation
of patient data.

STATISTICAL DESIGN

The descriptive statistics for continuous variables
were expressed as mean * standard deviation or
median (interquartile range) based on the distribu-
tion. Shapiro-Wilk tests were used to evaluate the
normality of continuous variables. The statistical
tests used to determine relationships between vari-
ables were t-tests, Pearson chi-square tests and
Fisher-Freeman-Halton exact tests. A p-value below

0.05 was considered significant. Using Jamovi v.
1.2, Gpower v. 3.1, and IBM SPSS v. 21.0 software,
statistical analyses were performed. An a priori po-
wer analysis for a = 0.05, power (1 - B) = 0.80 and
effect size = 0.3 (medium) was used to determine
the minimum sample size, which was 143.

Results

Our institution’s database found 813 records for
SAH patients hospitalised between January 1, 2001,
and December 31, 2020. Amongst these, 212
patients met our inclusion criteria. 117 (55.2%)
were female and 95 (44.8%) male. The mean age
was 58.3 = 13.7 years. The demographic, clinical
and outcome parameters from the two decades were
compared. These comparisons are summarised in
Table 1.

There was no difference in outcomes between
patients of different sexes or Fisher grades.
Conversely, GOS scores differed significantly
between age groups and WENS grades (p<0.001).
GOS scores also differed significantly between
those who did and did not rebleed and those who
did and did not suffer vasospasms (p<0.001). The
results of these analyses and the outcome distribu-
tions are presented in Table 2.

The distribution of surgical clipping timing
among patients was homogenous between sexes but
heterogenous between age groups and WFENS and
Fisher grades (p=0.553, p<0.001, p<0.001 and
p=0.002, respectively). In addition, the timing of
intervention led to significant differences in the
occurrence of both rebleeding and vasospasms
(p<0.001 and p=0.018, respectively). Parameter
comparison data are summarised in Table 3.

The ultra-early intervention had no significant
effect on mortality between 2001 and 2010; never-
theless, the effect was significant in the 2011-2020
period (p=0.167 and p=0.002, respectively).
Overall, the ultra-early clipped group was found to
have significantly lower mortality (p<0.001, Table
4). Logistic regression analyses for the overall and
2011-2020 periods showed that ultra-early clipping
led to lower mortality rates (p<0.001 and p=0.001,
respectively, Table 5).

Similarly, there was no significant difference
between favourable and unfavourable outcomes
during the 2001-2010 period, but ultra-early clip-
ping significantly increased favourable outcomes
during the 2011-2020 period and throughout the
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Table 1. Descriptives & demographics

N (%) 2001 - 2010 2011 - 2020 2001 - 2020 P
N = 150 N = 62 N =212 (Phi or Cramer’s V)
Females 87 (58.0) 30 (48.4) 117 (55.2) 0.200
Age (year, mean =+ sd) 58.8 = (13.2) 56.9 = (14.9) 58.3 + 13.7 0.338
Age < 49 35 (23.3) 21 (33.9) 56 (26.4) 0.262
50 - 64 60 (40.0) 23 (37.1) 83 (39.2)
> 65 55 (36.7) 18 (29.0) 73 (34.4)
WFNS Grade T* 193 184 377
WFNS Grade 2* 97 41 138
WFNS Grade 3* 33 11 44
WEFNS Grade 4 91 (60.7) 33 (53.2) 124 (58.5) 0.317 (Grade 4 vs 5)
WFNS Grade 5 59 (39.3) 29 (46.8) 88 (41.5)
Fisher Grade 3 77 (51.3) 25 (40.3) 102 (48.1) 0.144
Fisher Grade 4 73 (48.7) 37 (59.7) 110 (51.9)
Rebleeding — 86 (57.3) 57 (91.9) 143 (67.5) <0.001
Rebleeding + 64 (42.7) 5(8.1) 69 (32.5) (0.336)
Vasospasm — 134 (89.3) 56 (90.3) 190 (89.6) 0.830
Vasospasm + 16 (10.7) 6 (9.7) 22 (10.4)
GOS 1 118 (78.7) 35 (56.5) 153 (72.2) <0.001
GOS 2 2 (1.3) 0 (0.0) 2 (0.9) (0.311)
GOS 3 7 (4.7) 6(9.7) 13 (6.1)
GOS 4 20 (13.3) 11 (17.7) 31 (14.6)
GOS 5 3(2.0) 10 (16.1) 13 (6.1)
Favourable
(GOS 4 and 5) 23 (15.3) 21 (33.9) 44 (20.8) 0.002
Unfavourable
(GOS 1, 2 and 3) 127 (84.7) 41 (66.1) 168 (79.2) (0.208)
WFNS Grade: World Federation of Neurological Surgeons, GOS: Glasgow outcome scale
*WFNS Grade 1, 2 and 3 patients are not included in the study
Table 2. Overall outcomes
N (%) GOS 1 GOS 2 GOS 3 GOS 4 GOS 5 Total p
N = 153 N =2 N =13 N = 31 N=13 N=212 (Phi or Cramer’s V)
Females 89 (76.1) 1(0.9) 9(7.7) 12 (10.3) 6 (5.1) 117 (100) 0.203
Males 64 (67.4) 1(1.1) 4 (4.2) 19 (20.0) 7 (7.4) 95 (100)
Age < 49 31 (55.4) 1(1.8) 5(8.9) 11 (19.6) 8(14.3) 56 (100) <0.001
50 - 64 58 (69.9) 0 (0) 6(7.2) 16 (19.3) 3 (3.6) 83 (100) (0.233)
> 65 64 (87.7) 1(1.4) 2 (2.7) 4 (5.5) 2 (2.7) 73 (100)
WFNS Grade 4 77 (62.1) 1(0.8) 10 (8.1) 26 (21.0) 10(8.1) 124 (100) <0.001
WFNS Grade 5 76 (86.4) 1(1.1) 3 (3.4) 5(5.7) 3 (3.4) 88 (100) (0.276)
Fisher Grade 3 74 (72.5) 0 (0) 4 (3.9) 18 (17.6) 6 (5.9) 102 (100) 0.354
Fisher Grade 4 79 (71.8) 2 (1.8) 9 (8.2) 13(11.8) 7 (6.4) 110 (100)
Rebleeding — 88 (61.5) 2 (1.4) 11(7.7) 29 (20.3) 13 (9.1) 143 (100) <0.001
Rebleeding + 65 (94.2) 0 (0) 2 (2.9) 2 (2.9) 0 (0) 69 (100) (0.347)
Vasospasm — 136 (71.6) 2 (1.1) 9 (4.7) 30(15.8) 13(6.8) 190 (100) 0.076
Vasospasm + 17 (77.3) 0 (0) 4 (18.2) 1(4.5) 0 (0) 22 (100)
Clipping — 112 (96.6) 0 (0) 2 (1.7) 2(1.7) 0 (0) 116 (100) <0.001
Clipping + 41 (42.7) 2(2.1) 11 (11.5) 29(30.2) 13(13.5) 96 (100) (0.601)

WFNS Grade: World Federation of Neurological Surgeons

whole period studied (p=0.292, p=0.003 and patients under 50, there was no significant differ-

p<0.001, respectively). Moreover, while favourable
results were higher in the ultra-early intervened
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Table 3. Clipping timing

N (%) < 6 hours 6 —72 hours > 72 hours No Clipping Total p
N = 34 N = 35 N =27 N=116 N =212 (Phi or Cramer’s
Females 16 (47.1) 18 (51.4) 14 (51.9) 69 (59.5) 117 (55.2)  0.553
Males 18 (52.9) 17 (48.6) 13 (48.1) 47 (40.5) 95 (44.8)
Age <49 15 (44.1) 9 (25.7) 9 (33.3) 23 (19.8) 56 (26.4) <0.001
50 - 64 11 (32.4) 21 (60.0) 11 (40.7) 40 (34.5) 83 (39.2) (0.225)
>65 8 (23.5) 5 (14.3) 7 (25.9) 53 (45.7) 73 (34.4)
WFNS Grade 4 15 (44.1) 26 (74.3) 25 (92.6) 58 (50) 124 (58.5)  <0.001
WFNS Grade 5 19 (55.9) 9 (25.7) 2 (7.4) 58 (50) 88 (41.5) (0.328)
Fisher Grade 3 7 (20.6) 16 (45.7) 17 (63.0) 62 (53.4) 102 (48.1)  0.002
Fisher Grade 4 27 (79.4) 19 (54.3) 10 (37.0) 54 (46.6) 110 (51.9)  (0.258)
Rebleeding - 34 (100) 29 (82.9) 21 (77.8) 59 (50.9) 143 (67.5)  <0.001
Rebleeding + 0 (0) 6(17.1) 6 (22.2) 57 (49.1) 69 (32.5) (0.412)
Vasospasm — 32 (94.7) 26 (74.3) 24 (88.9) 108 (93.1) 190 (89.6) 0.018
Vasospasm + 2 (5.9) 9 (25.7) 3(11.1) 8 (6.9) 22 (10.4) (0.229)
WFNS Grade: World Federation of Neurological Surgeons
Table 4. The effects of ultra-early clipping on mortality
N (%) Mortality Ultra-early Ultra-early Total p
in 6th Month Clipping — Clipping + (Phi or Cramer’s V)
2001 - 2010 Alive 29 (20.3) 3 (42.9) 32 (21.3) 0.167
Dead 114 (79.7) 4 (57.1) 118 (78.7)
2011 - 2020 Alive 9 (25.7) 18 (66.7) 27 (43.5) 0.002
Dead 26 (74.3) 9 (33.3) 35 (56.5) (0.410)
Total Alive 38 (21.3) 21 (61.8) 59 (27.8) <0.001
Dead 140 (78.7) 13 (38.2) 153 (72.2) (0.331)
Table 5. Regression results
B Standard Wald Degree Significance Exp(B)
Error statistics of freedom
2001-2020 Ultra Early Surgery 1,784 0,397 20,135 1 0,000 0,168
Constant 1,304 0,183 50,826 1 0,000 3,684
2011-2020 Ultra Early Surgery -1,754 0,562 9,729 1 0,002 0,173
Constant 1,061 0,387 7,524 1 0,006 2,889

B: coefficient, Exp(B): exponential value of B

Figure 1 summarises the results of ultra-early clip-
ping, giving details on external ventricular drainage
(EVD) and shunt necessity, mortality, Glasgow
Outcome Scale and modified Glasgow Outcome
Scale scores at the six-month follow-ups.

Discussion

Our results suggest that our institutional outcomes
have improved over time. We found that patients’
age, WFNS grade, Fisher grade, rebleeding,
vasospasm and ultra-early surgical clipping of the

aneurysm affected the outcome. The ultra-early
clipping might be the primary factor leading to
lower mortality rates and more favourable out-
comes in our institution in the last decade.
Poor-grade aSAH patients have been reported to
have worse outcomes due to a higher incidence of
aSAH-associated complications such as rebleeding,
hydrocephalus and vasospasm® '* 2122, Up until a
few decades ago, intervention was not provided for
this subgroup of patients until their neurological
status improved?. Since recent guidelines recom-
mend aSAH intervention as early as possible, most
centres currently follow much more aggressive
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Table 6. The effects of ultra-early clipping on the favourable outcome

N (%) Ultra Early Ultra Early Total N = 212 p
Clipping — Clipping + (Phi or Cramer’s V)
N=178 N = 34
2001 - 2010 Favourable 21 (14.7) 2 (28.6) 23 (15.3) 0.292
Unfavourable 122 (85.3) 5(71.4) 127 (84.7)
2011 - 2020 Favourable 6(17.1) 15 (55.6) 21 (33.9) 0.003
Unfavourable 29 (82.9) 12 (44.4) 41 (66.1) (0.402)
Total Favourable 27 (15.2) 17 (50) 44 (20.8) <0.001
Unfavourable 151 (84.8) 17 (50) 168 (79.2) (0.315)
<49 years Favourable 8 (19.5) 11 (73.3) 19 (33.9) <0.001
Unfavourable 33 (80.5) 4 (26.7) 37 (66.1) (0.503)
50 — 64 years Favourable 15 (20.8) 4 (36.4) 19 (22.9) 0.264
Unfavourable 57 (79.2) 7 (63.6) 64 (77.1)
> 65 years Favourable 4 (6.2) 2 (25) 6 (8.2) 0.127
Unfavourable 61 (93.8) 6 (75) 67 (91.8)
Total Favourable 27 (15.2) 17 (50) 44 (20.8) <0.001
Unfavourable 151 (84.8) 17 (50) 168 (79.2) (0.315)

Favourable: Glasgow outcome scale 4 and 5, Unfavourable: Glasgow outcome scale 1, 2 and 3

o II [ | ‘I n-
% | &

M Ultra Early Clipping- W Ultra Early Clipping +

1 I " [

[ © - o~ (2] < 2l
2 <]
= &

EVD (p>0.05) Shunt (p>0.05) Mortality GOS at 6th Month (p<0.001)
(p<0.001)

addition, the plethora of new technolo-
gies available, such as CT angiography
and endovascular interventions, have
also affected the management strate-
gies used with aSAH patients.

Several systematic reviews have
shown that mortality rates among
aSAH patients have declined signifi-
cantly over the last three decades? > 2!.
However, over the last two decades,
there have been no discernible changes
in the demographic characteristics of
aSAH patients. The introduction of CT
angiography, paving the way for ultra-
early surgery, is likely to have played a
large part in the improved mortality,
outcome and rebleeding rates.

Unfavourable
Favourable

mGOS at 6th
Month
(p<0.001)

Figure 1. Summary of the results of ultra-early clipping, details on
external ventricular drainage and shunt necessity, mortality, Glasgow
Outcome Scale and modified Glasgow Outcome Scale scores at the

six-month follow-ups

EVD: external ventricular drainage, GOS: Glasgow outcome scale,

mGOS: Modified Glasgow outcome scale

management strategies and endeavour to provide
medical intervention in the first 72 hours!'" 32!, Yet,
if earlier interventions lead to better outcomes, this
raises the question of whether the earliest, most
aggressive intervention possible is the best
approach for every patient. While there is still no
consensus on this, there is an undeniable trend
towards earlier, more aggressive intervention. In

Increased intracranial pressure (ICP
> 20 mmHg) is prevalent in aSAH and
can worsen complications?. The lead-
ing causes of increased ICP are initial
bleeding, hydrocephalus, global cere-
bral oedema and vasospasm?. This list
overlaps considerably with the list of
aSAH complications.

One of the best-known predictors of aSAH prog-
nosis is neurological status at admission, with lower
grade aSAH patients having better outcomes®.
Correspondingly, our results show better outcomes
among grade 4 than grade 5 patients. Also, accord-
ing to the literature, the overall outcomes were
worse for older patients, those who suffered
rebleeding, and those who received no interven-
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tion**. There was no Fisher grade 1 or 2 patients
included in the study. The overall outcome distribu-
tions between Fisher grades and vasospasm groups
did not reach significance; nevertheless, the differ-
ences were distinguishable when patients were
grouped according to rebleeding and surgical clip-
ping.

Comorbidities and anticoagulants are critical
obstacles to early surgery in elderly patients*. Our
results show that ultra-early surgery in our clinic
was mainly performed on patients under 50. It was
also observed that patients with higher Fisher
grades received an ultra-early clipping and that
rebleeding and vasospasm were less common with
ultra-early clipping.

We admit that some contributing, mediating, or
even confounding variables affect our results. One
example might be the bleeding amount. There is a
great deal of bleeding in high-grade aSAH patients,
which can directly or indirectly increase ICP by dis-
rupting CSF circulation®. In this patient series,
aggressive cisternal lavage and lamina terminalis
fenestration were performed during microvascular
clipping. Reducing blood by-products and opening
CSF pathways during early surgery may decrease
ICP and help mitigate the deleterious effects of
vasospasm and delayed cerebral ischemia®. Over
the last decade, angiography has made ultra-early
surgical intervention feasible in our institution,
resulted in improvements to clinical outcomes.
Therefore, availability of the endovascular proce-
dures in the period 2010-2020 constitutes another
significant limitation of the study. In developing
countries, it is often not possible to provide 24/7
endovascular intervention, especially in provincial
hospitals. Consequently, we think our results sup-
porting ultra-early surgery’s positive effects on
low-grade SAH patients’ outcomes are noteworthy.
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