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Abstract

Background With the growing use of endovascular therapy (EVT) to manage unruptured intracranial aneurysms (IAs),
detailed information regarding periprocedural complication rates of microsurgical clipping and EVT becomes increasingly
important in determining the optimal treatment for individual cases. We report the complication rates associated with open
microsurgery in a large series of unruptured IAs and highlight the importance of maintaining surgical skill in the EVT era.
Methods We reviewed all cases of unruptured IAs treated with open microsurgery by a single neurosurgeon between July
1997 and June 2019. We analyzed surgical complications, deaths, and patient-reported outcomes.

Results A total of 1923 unruptured IAs in 1750 patients (mean age 44 [range: 6-84], 62.0% [1085/1750] female) were treated
surgically during the study period. Of the aneurysms treated, 84.9% (1632/1923) were small, 11.1% (213/1923) were large,
and 4.1% (78/1923) were giant. Aneurysm locations included the middle cerebral artery (44.2% [850/1923]), internal carotid
artery (29.1% [560/1923]), anterior cerebral artery (21.0% [404/1923]), and vertebrobasilar system (5.7% [109/1923]). The
overall mortality rate was 0.3% (5/1750). Surgical complications occurred in 7.4% (129/1750) of patients, but only 0.4%
(7/1750) experienced permanent disability. The majority of patients were able to return to their preoperative lifestyles with
no modifications (95.9% [1678/1750]).

Conclusions At a high-volume, multidisciplinary center, open microsurgery in carefully selected patients with unruptured
IAs yields favorable clinical outcomes with low complication rates. The improvement of EVT techniques and the ability
to refer cases for EVT when a high complication rate with open microsurgery was expected have contributed to an overall
decrease in surgical complication rates. These results may serve as a useful point of reference for physicians involved in
treatment decision-making for patients with unruptured IAs.
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Introduction

This article is part of Topical Collection on Vascular Over the past two decades, endovascular therapy (EVT) has
Neurosurgery — Aneurysm emerged as an increasingly important treatment option for
intracranial aneurysms (IAs) with EVT being a less-invasive
procedure and carrying fewer short-term complications com-
pared to open microsurgery [22, 30]. The ability to refer
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complication rates and worsening outcomes associated with
microsurgery.

Nevertheless, there remain select IAs that may be more
safely and effectively treated with open microsurgery which,
at times, carries the best opportunity for a good long-term
outcome. When deciding whether or not to recommend
treatment for an unruptured IA and whether conservative
management, open microsurgery, or EVT is most appropri-
ate, physicians must rely on a detailed understanding of the
risks and potential complications associated with each of
these options. We have previously reported decision-making
algorithms and surgical outcomes in selected subgroups of
patients with unruptured IAs [34-37]. In this report, we
describe the overall complication rates in a large series of
unruptured [As treated with microsurgery at our center over
a 23-year period.

Methods

Patient review

Between July 1997 and June 2019, 1750 patients with 1923
unruptured IAs were entered into a prospectively collected
database of patients undergoing microsurgery for an unrup-
tured IA. We retrospectively reviewed the operative reports,
imaging studies, and follow-up clinic notes of all patients
who suffered a postoperative complication in this series
noting both permanently disabling and temporary or non-
disabling complications.

Management strategy

Our algorithm for the management of patients with unrup-
tured IAs has been described previously [32, 34-37]. All
patients were evaluated by a multidisciplinary team includ-
ing a neurovascular surgeon and an interventional neuro-
radiologist who reviewed all imaging studies and then
recommended either conservative management, open micro-
surgery, or EVT. In general, we have recommended obser-
vation with follow-up imaging to older patients, those with
smaller aneurysms, and those in poor medical condition.
Treatment was generally recommended for younger patients
with larger lesions, those patients with aneurysms that show
interval enlargement on serial imaging studies, and those
with a strong family history of IA or personal history of
subarachnoid hemorrhage (SAH) from another aneurysm.
Symptomatic aneurysms (those with perianeurysmal edema
resulting in neurological dysfunction or seizure, or causing
third nerve palsy) were also generally offered treatment.
When treatment was recommended, patients with narrow-
necked or calcified [As, patients over 70 years of age, and
those with significant medical comorbidities were generally
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offered EVT, while surgical clipping was recommended to
patients with very small IAs (<3 mm) that were neverthe-
less deemed appropriate for treatment, patients with very
wide necked or fusiform lesions, or when treatment with
EVT was not felt to be feasible or was attempted and proved
unsuccessful. When choosing between open microsurgery
and EVT, we recommend the option that offers the lowest
major complication rate while attempting to provide a rea-
sonable chance for a long-term durable result.

Surgical procedures

Details of our specific surgical techniques and bypass pro-
cedures have been described previously [32-37]. All proce-
dures were performed under general endotracheal anesthesia
using barbiturate anesthesia and mild hypothermia (34 °C).
Patients received mannitol (1 g/kg), decadron (4-10 mg
intravenously), and a loading dose of either fosphenytoin or
levetiracetam. Intravenous antibiotics were administered pre-
operatively and continued for 24 h postoperatively. Patients
were secured in a radiolucent head frame for surgery. A
standard pterional approach was used for most anterior cir-
culation lesions. Additional skull base dissection, including
orbitocranial, and orbitozygomatic approaches, were used
to obtain optimal visualization of the aneurysm when nec-
essary. Distal anterior cerebral artery (ACA) lesions were
treated via parasagittal craniotomy. Basilar artery (BA)
lesions were generally treated via a subtemporal approach
or a combined half-and-half approach with orbitozygomatic
osteotomy [32]. Posterior inferior cerebellar artery (PICA)
aneurysms generally underwent a far lateral suboccipital cra-
niotomy. An interhemispheric approach was used for ante-
rior communicating artery (ACOMMA) aneurysms when it
was anticipated that the local vascular anatomy would have
hidden the aneurysm neck from view when approaching
from either side.

An intentional subtotal aneurysm clipping was performed
when attempted complete occlusion resulted in significant
narrowing of the parent artery or perforator compromise or
when calcification or atheroma precluded safe clip place-
ment at the aneurysm neck. In these cases, the area left
untreated was subsequently wrapped with muslin-type
gauze, cotton, or Gore-Tex.

The intradural portion of all surgeries, including open-
ing of the Sylvian fissure and dissection and clipping of
the aneurysm, was performed under microsurgical magni-
fication. No neuromonitoring was used except when par-
ent artery occlusion (PAO) was employed. Intraoperative
digital subtraction angiography (DSA) was used in all cases
to evaluate IA occlusion and to exclude the presence of
vascular compromise. Indocyanine green (ICG) video angi-
ography was also used in all cases after 2010 to evaluate
perforator patency. All patients were monitored overnight in
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a neurointensive care unit, and systolic blood pressure was
kept below 140 mm Hg. Patients were mobilized the night of
surgery as tolerated. Postoperative CT and MR imaging were
performed only when patients demonstrated a new deficit or
severe headache after surgery.

For patients undergoing revascularization with PAO,
intraoperative angiography was used to confirm bypass
patency. Once revascularization was complete, the TA was
treated surgically by sacrificing the parent artery with proxi-
mal occlusion when possible; otherwise, a distal occlusion
was performed when anatomy precluded access to the parent
artery proximal to the aneurysm.

Post-operative follow-up and complications

Peri-procedural and immediate post-operative complications
were recorded to determine the incidence of non-disabling
complications versus disabling and/or fatal complications
following microsurgical clipping of unruptured IAs. We
evaluated patients daily during their initial hospitalization,
at the time of discharge, again 1-2 weeks post-procedure at
the time of suture removal, and then at a 4—6-week follow-up
visit. Patients who developed a new deficit or any complica-
tion that was noted during any of these examinations were
followed beyond this period. Patients who traveled from
out of state for treatment were seen in follow-up by their
local physician, and telephone follow-up was performed by
our nursing staff. Postoperative infection was recorded in
patients who required hospital readmission for intravenous
antibiotic therapy or surgical revision; this study did not
account for cases in which the patient’s primary care phy-
sician may have prescribed oral antibiotics for a minor or
superficial wound infection.

Because neurosurgeons have been criticized for inade-
quately assessing postoperative cognitive and quality-of-life
concerns in patients undergoing craniotomy, we have used
Short-Form patient questionnaires SF-12 and/or SF-36 for
all patients at last follow-up. Patients were asked to catego-
rize their abilities to return to work or previous lifestyle as
requiring no modification, minor modification, major modi-
fication, or as unable to return.

For imaging follow-up, patients less than age 60 with
complete intraoperative aneurysm occlusion were recom-
mended to undergo 5-year follow-up imaging with mag-
netic resonance angiography (MRA) or computed tomog-
raphy angiography (CTA). Patients older than age 60 with
complete intraoperative occlusion did not have scheduled
follow-up imaging. Patients with >90% but < 100% aneu-
rysm occlusion were recommended follow-up MRA or CTA
at 1 and 5 years after surgery. Patients with <90% occlu-
sion underwent DSA at 1 year, with additional follow-up
determined by our team based on the results of that study.

When examining occlusion as an outcome of this study, rates
of >95% occlusion (complete or near-complete occlusion)
and 90-95% occlusion are reported.

Results
Patient characteristics and aneurysm morphology

Patient demographics and aneurysm characteristics are
presented in Tables 1 and 2. Collectively, there were 1923
unruptured IAs treated in 1750 patients (mean age 44
[range: 6-84], 62.0% [1085/1750] female). The most com-
mon comorbidities included smoking in 23.0% (403/1750)
of patients, hypertension in 22.0% (385/1750), hyperlipi-
demia in 19.0% (333/1750), and diabetes mellitus in 11.0%
(193/1750). A total of 5.2% (91/1750) of patients had
experienced subarachnoid hemorrhage (SAH) from a pre-
viously treated [A, 12.0% (210/1750) had a family history
of IA, and 4.3% (82/1923) of treated aneurysms had been
previously coiled but suffered repeated coil compaction. In

Table 1 Patient demographics and characteristics of 1923 unruptured
aneurysms

Study period 1997-2019
Patient characteristics

Number 1750

Male 38.0% (665/1750)
Female 62.0% (1085/1750)
Age, years 44 (6-84)

Mean follow-up (range), years 8.8 (1-21)
Comorbidities

Hypertension 22.0% (385/1750)
Smoking 23.0% (403/1750)
Hyperlipidemia 19.0% (333/1750)
Diabetes mellitus 11.0% (193/1750)
SAH from a previously treated IA 5.2% (91/1750)
Family history of IA 12.0% (210/1750)
Previously coiled aneurysm(s) 4.3% (82/1923)

Unsuccessful coil attempt 1.3% (22/1750)

Aneurysm treatment characteristics

Clipped 93.0% (1789/1923)
Wrapped 1.1% (22/1923)
Bypass with PAO 5.3% (102/1923)

7.1% (137/1923)
1.5% (26/1750)
0.4% (7/1923)

Simultaneous repair of additional aneurysm(s)
Multiple craniotomies
Intraoperative rupture

The bolded rows represent subheadings for the unbolded rows
beneath

Data are n (%) or mean (range)
IA =intracranial  aneurysm; occlusion;
SAH = subarachnoid hemorrhage

PAO=parent artery
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Table2 Aneurysm locations

X Y Small Large Giant Total
and size distribution (<10 mm) (10- <25 mm) (>25 mm) (N=1923)
(N=1632) (N=213) (N=178)

Internal carotid artery 470 (29.0%) 60 (28.2%) 30 (38.5%) 560 (29.1%)
Petrous/cavernous 0 (0%) 1 (0.5%) 10 (12.8%) 11 (0.6%)
Paraclinoid 177 (10.9%) 26 (12.2%) 12 (15.4%) 215 (11.2%)
PCOMMA/AchA 218 (13.4%) 23 (10.8%) 7 (9.0%) 248 (12.9%)
Carotid bifurcation 75 (4.6%) 10 (4.7%) 1(1.3%) 86 (4.5%)
Anterior cerebral artery 341 (21.0%) 57 (26.8%) 6 (7.7%) 404 (21.0%)
ACOMMA 245 (15.1%) 50 (23.5%) 5 (6.4%) 300 (15.6%)
Distal anterior cerebral 71 (4.4%) 6(2.8%) 1(1.3%) 78 (4.1%)
Al segment 25 (1.5%) 1(0.5%) 0 (0%) 26 (1.4%)
Middle cerebral artery 743 (45.5%) 79 (37.1%) 28 (35.9%) 850 (44.2%)
MCA bifurcation 602 (37.1%) 61 (28.6%) 22 (28.2%) 685 (35.6%)
M1 segment 95 (5.9%) 7 (3.3%) 4(5.1%) 106 (5.5%)
Distal MCA 46 (2.8%) 11 (5.2%) 2 (2.6%) 59 (3.1%)
Vertebrobasilar 78 (4.8%) 17 (8.0%) 14 (17.9%) 109 (5.7%)
PICA 26 (1.6%) 3(1.4%) 4(5.1%) 33 (1.7%)
Basilar apex 36 (2.2%) 7 (3.3%) 3(3.8%) 46 (2.4%)
Basilar trunk 0 (0%) 1(0.5%) 0 (0%) 1(0.1%)
PCA (peripheral) 6 (0.4%) 1(0.5%) 1(1.3%) 8 (0.4%)
SCA (peripheral) 2 (0.1%) 2 (0.9%) 2 (2.6%) 6 (0.3%)
VA 0 (0%) 1(0.5%) 1(1.3%) 2(0.1%)
PICA (peripheral) 7 (0.4%) 2 (0.9%) 3 (3.8%) 12 (0.6%)
AICA (peripheral) 1(0.1%) 0 (0%) 0 (0%) 1(0.1%)

The bolded rows represent subheadings for the unbolded rows beneath

AchA =anterior choroidal artery; ACOMMA = anterior communicating artery; AICA =anterior inferior cer-
ebellar artery; MCA =middle cerebral artery; PCA = posterior cerebral artery; PCOMMA = posterior com-
municating artery; PICA =posterior inferior cerebellar artery; SCA =superior cerebellar artery; VA = verte-
bral artery

22 additional cases, we attempted coiling but were unsuc-
cessful due to local aneurysm anatomy or vascular mor-
phology/tortuosity of the carotid or vertebral artery; these
patients were then treated surgically.

Microsurgical clipping was performed in 93.0%
(1789/1923) of cases, while 1.2% (22/1923) of aneurysms
were treated with wrapping alone, and 5.3% (102/1923)
were treated with bypass and PAO. In 7.1% (137/1923) of
cases, repair of another aneurysm was performed simul-
taneously, and 1.5% (26/1750) patients underwent multi-
ple craniotomies to treat their aneurysms. Intraoperative
rupture occurred in 0.4% (7/1923) of treated aneurysms.

Aneurysm sizes and locations are detailed in Table 2.
The majority (84.9%, 1632/1923) of aneurysms were small
(<10 mm), 11.1% (213/1923) were large (10-< 25 mm),
and 4.1% (78/1923) were giant (>25 mm). Aneurysm
locations included the middle cerebral artery (MCA) in
44.2% (850/1923), the internal carotid artery (ICA) in
29.1% (560/1923), the ACA in 21.0% (404/1923), mostly
at the ACOMMA (15.6% [300/1923]), and the verte-
brobasilar system in 5.7% (109/1923).
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Postoperative follow-up

No aneurysms bled during the follow-up period, which
ranged from 12 months to 21 years, mean 8.8 years. Two
small ACOMMA aneurysms and one small basilar apex
aneurysm were stable based on imaging at 1 year, but
showed minimal growth (<2 mm) at 5 years and continue
to be followed 6, 9, and 11 years post-surgery. One fusi-
form MCA aneurysm that had been treated with wrapping
alone showed significant enlargement and was subsequently
treated with endovascular stenting without incident. No
patient with intraoperative rupture suffered a complication,
and all had good outcomes at the time of last follow-up visit.

Occlusion rates, complications, and mortality

Complete or near-complete (>95%) aneurysm occlusion was
achieved in 92.9% (1786/1923) aneurysms; 5.4% (104/1923)
had 90-95% occlusion, and 1.2% (23/1923) aneurysms were
wrapped only due to atheroma or calcification involving the
aneurysm wall/neck.
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Surgical complications resulting in permanent deficit or
death are presented in Table 3. Overall treatment-related
complications occurred in 7.4% (129/1750) of patients,
among whom 0.4% (7/1750) experienced a permanent
disability and 0.3% (5/1750) died. Serious surgical com-
plications resulting in new permanent disability included
one case of delayed saphenous vein graft thrombosis in
a patient with a giant MCA aneurysm that lead to severe
permanent disability requiring assistance with activities of
daily living; perforator artery injury in two patients with
an MCA aneurysm resulting in permanent hemiparesis
(one case was severe, and one was mild), one subdural
hemorrhage in a patient with a small ACOMMA aneu-
rysm that lead to a prolonged dependent state, one case
of subfrontal contusion in a patient with a small paracli-
noid aneurysm leading to persistent mild dysphasia, one
case of severe visual impairment in a patient with a giant
paraclinoid aneurysm, and one case of third nerve palsy
in a patient with a large basilar artery aneurysm leading
to permanent ptosis.

Five patients (0.3% [5/1750]) died as a result of major
complications in the post-operative period. One patient with
a small ACOMMA aneurysm experienced a disseminated
intravascular coagulation on post-operative day 1, result-
ing in multi-system organ failure; the patient died despite
treatment with anticoagulation and supportive care. Another
patient with a small ACOMMA aneurysm experienced
severe myocardial infarction, and died despite treatment with
an intra-aortic balloon pump. An older woman with a giant
cavernous ICA aneurysm died after a suffering large infarct
of the MCA following ICA sacrifice. This patient passed her
balloon test occlusion both clinically and in terms of single-
photon emission computed tomography (SPECT) analysis.
We believe she suffered a large embolic MCA infarction
despite low-dose anticoagulation and antiplatelet therapy.
One patient with a small carotid ophthalmic aneurysm died
suddenly at home on post-operative day 21 due to a pulmo-
nary embolism that was subsequently identified at autopsy.
One patient with a giant PICA aneurysm died after expe-
riencing post-operative pneumonia and meningitis leading

Table 3 Serious surgical complications resulting in new permanent disability or death

Patient Age (years) Sex Year Aneurysm location Aneurysm Complication Post-operative treat- Outcome

number size (mm) ment

1 51 F 2004 ACOMMA Small Disseminated intravas- ~Anticoagulation, sup-  Death
cular coagulation, portive care
POD#1, MSOF

69 M 2006 ACOMMA Small Severe MI IABP, supportive care  Death

3 78 F 2003 Cavernous ICA Giant Large MCA infarct - Death
after ICA sacrifice

4 51 F 2010 Carotid ophthalmic Small Sudden death POD #21 - Death
at home due to PE
(autopsy)

5 68 M 2002 PICA Giant Postoperative pneu- Prolonged antibiotic Death
monia, meningitis, therapy, lumbar
sepsis, MSOF drainage

6 62 M 1999 MCA Giant Delayed SVG throm- - Good cognitive function;
bosis severe permanent

disability requiring
assistance with ADLs

7 61 F 2000 MCA Large Perforating artery - Mild, permanent hemi-
injury paresis

8 55 F 2001 MCA Large Perforating artery - Severe, permanent hemi-
injury paresis

9 67 M 2008 ACOMMA Small SDH POD#2 with Surgical evacuation Poor outcome, prolonged
restart A/C for valve, dependent state
status epilepticus

10 68 F 1997 Paraclinoid Small Subfrontal contusion - Persistent mild dysphasia

11 58 F 1998 Paraclinoid Giant Severe visual impair- - Severe visual impair-
ment ment

12 51 F 2004 BA Large 3" nerve palsy - Permanent ptosis

A/C =anticoagulation, ACOMMA = anterior communicating artery; ADL=activities of daily living; BA=basilar artery; IABP =intra-aortic
balloon pump; /CA=internal carotid artery; MCA=middle cerebral artery; MI=myocardial infarction; MSOF =multisystem organ failure;
PE=pulmonary embolism; P/CA =posterior inferior cerebellar artery; POD =post-operative day; SDH = subdural hemorrhage; SVG = saphen-

ous vein graft
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Table 4 Surgical complications not resulting in permanent deficit

Complication Frequency (N=1750)
DVTY/PE 38 (2.2%)
Displeased with cosmetic result 31 (1.8%)
Chronic Subdural hematoma?® 17 (1.0%)
Wound infection 12 (0.7%)
Postoperative seizure(s) 8 (0.5%)
3rd nerve palsy 6 (0.4%)
Asymptomatic MI 4 (0.2%)
Ipsilateral vocal cord paralysis 3(0.2%)
Complete olfactory loss 1 (0.06%)
Transient dysphasia (retraction injury) 1 (0.06%)
Transient hemiparesis (perforator injury) 1 (0.06%)
Epidural hematoma 1 (0.06%)
Venous ischemia (interhemispheric approach) 1 (0.06%)

Data are n (%)

45 DVT/PE and 2 subdural hematomas from Table 3 are also included
in this table

DVT=deep vein thrombosis; MI=myocardial infarction; PE=pul-
monary embolism

to sepsis and multisystem organ failure despite prolonged
antibiotic therapy and lumbar drainage.

Surgical complications not resulting in permanent deficit
or death are presented in Table 4. The most frequent non-
disabling complication was deep vein thrombosis (DVT)
with or without pulmonary embolism (PE) occurring in
2.2% (38/1750) of patients. A total of 1.8% (31/1750) of
patients were displeased with the cosmetic result of the sur-
gery, and five of these elected to undergo delayed cosmetic
reconstruction by a plastic surgeon. Chronic subdural hema-
toma occurred in 1.0% (17/1750) of patients; four underwent
delayed surgical evacuation 5 weeks to 6 months after their
initial surgery. Major wound infections occurred in 12 cases,
5 of which required reoperation, with immediate replace-
ment of the bone flap with a titanium mesh cranioplasty in
four and delayed cranioplasty in one. The remainder were
managed with antibiotic therapy alone. Postoperative sei-
zure occurred in 0.5% (8/1750) patients; one had a prior
history of epilepsy, and no other patients required perma-
nent anticonvulsant therapy thereafter. Other less frequently
occurring (< 1.0%) non-disabling complications included
transient third nerve palsy, asymptomatic myocardial infarc-
tion, ipsilateral vocal cord paralysis and/or transient dyspha-
gia (following PICA aneurysm repair), complete olfactory
loss, transient hemiparesis, epidural hematoma, and venous
ischemia in one patient undergoing an interhemispheric
approach for a distal ACA aneurysm. This last patient
required prolonged intensive care unit (ICU) monitoring
for cerebral edema but ultimately had an excellent outcome.
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Overall, the vast majority of patients (95.9% [1678/1750])
were able to return to their previous lifestyles with no modi-
fications (Table 5). A smaller percentage reported the need
for minor (3.3% [58/1750]) or major (0.2% [5/1750]) modi-
fications to their lifestyle, and 0.5% (9/1750) were unable
to return to work or previous lifestyle due to death or poor
outcome. Three patients with permanent disabilities were
able to return to work or previous lifestyle with modifica-
tions (Patients 7, 10, and 12 in Table 3). Among the patients
requiring modifications, 49 who would have been judged to
have good clinical outcomes based on traditional reporting
measures nevertheless felt their quality of life was worse
postoperatively on a subjective basis, due to complaints
including anxiety regarding potential aneurysm recurrence,
headaches, intermittent facial swelling, anosmia, and atten-
tion difficulties interfering with job performance. A total
of 25/72 (34.7%) of these patients requiring modifications
or unable to return to previous lifestyle carried psychiatric
diagnoses before surgery including major depression and/or
anxiety disorder. All of these patients were able to return to
work or previous lifestyle with minor or major modification
with the exception of the patient with anosmia who chose
not to return to work.

Discussion

The optimal management of unruptured [As requires meticu-
lous selection of the best treatment regimen for each indi-
vidual patient based on a thorough appreciation of the risks
and potential complications associated with conservative
management, open microsurgery, and EVT. Such a detailed
understanding of each treatment option is central to the deci-
sion-making process because the natural history of many
unruptured IAs is benign and because there may be selected
subsets of IAs that are best treated with EVT while others,
due to location, size, morphology, or patient characteris-
tics, will be better managed with open microsurgery. Our

Table 5 Evaluation of quality-of-life/functional outcomes

Outcome Frequency (N=1750)

Able to return to work or previous lifestyle

With no modification 1678 (95.9%)
With minor modifications 58 (3.3%)
With major modifications 5(0.2%)

Unable to return to work or previous lifestyle
Death
Poor outcome

5(0.2%)
4(0.2%)

The bolded rows represent subheadings for the unbolded rows
beneath

Data are n (%)
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series demonstrates that microsurgical treatment provides
low morbidity and mortality rates when a multidisciplinary
team approach is used to determine the optimal treatment
pathway at a high-volume center. Although the diminishing
incidence of serious complications over time may be related
to increased surgical experience by the senior author, we
suggest that the improvement of EVT techniques and the
ability to refer cases for EVT when a high complication rate
with open microsurgery was expected have played a major
role in improving our complication rates.

Microsurgery and endovascular treatment

The rapid evolution of EVT including the introductions of
flow diversion and intrasaccular flow disruption techniques
has resulted in proportionally fewer aneurysms being treated
via microsurgical clipping [14, 44]. We suggest that increas-
ing technical experience over time as well as the ability to
refer complicated cases to EVT as a treatment option have
contributed to an overall decrease in our surgical complica-
tion rates. For example, following the introduction of stent-
ing as a useful option for the management of wide-necked
aneurysms, we have only rarely performed microsurgery for
larger basilar apex aneurysms, effectively eliminating surgi-
cal complications in this challenging group of aneurysms.
Paradoxically, however, this trend has likely resulted in an
erosion of microsurgical skills which may increase com-
plication rates with open microsurgery performed by less
experienced surgeons. This phenomenon has led some to
predict the appropriateness of replacing open microsurgery
with EVT in almost all IA cases. In contrast, at our center,
we have always viewed EVT and open surgery as comple-
mentary rather than competitive and have recommended
whichever option we believe will result in good aneurysm
obliteration while carrying the lowest complication rates,
offering the patient the best chance for a good long-term
outcome. Based on this experience, we suggest that such
a combined team approach can offer better results than an
imbalanced approach where EVT or surgery dominate the
treatment decision.

Microsurgery continues to be safe and effective for many
patients [34], especially younger individuals [25, 37], those
with smaller lesions, wide-necked aneurysms [1, 2, 37, 40],
unruptured MCA aneurysms [9, 13, 16, 35], and aneurysms
with complex perforator involvement [20]. As a conse-
quence, we typically offer open microsurgery to patients
with MCA aneurysms which tend to have a wide neck often
incorporating the M2 branches and which therefore carry
lower treatment-related morbidity with open surgery in our
experience. In contrast, we recommend open surgery for
VBA aneurysms only when EVT is felt to be impossible
or to carry a significantly higher risk than open microsur-
gery. Therefore, the vast majority of VBA aneurysms, and

particularly VB junction aneurysms and those occurring
at the basilar apex, are currently treated using EVT in our
practice.

Importantly, a number of reviews have found similar
overall complication rates between microsurgical and EVT
techniques in patients with unruptured IAs [10, 19, 41, 43].
A recent meta-analysis by Kang et al. reviewed data from
129,317 patients with unruptured IAs and showed a sig-
nificantly lower rate of procedural complications with coil-
ing vs. surgical clipping (4.6% vs. 7.0%, P <0.001) [22],
but notably showed that EVT had a lower rate of complete
occlusion at short-term (OR 0.179, 95% CI 0.064-0.499,
P=0.001) and 1-year follow-up (OR 0.307, 95% CI
0.146-0.646, P=0.002) [22]. Higher rates of complete
occlusion and lower rates of recurrence in patients treated
surgically have been corroborated in other studies [15,
16, 19, 26, 31, 41, 42, 44, 45]. However, several reports
have found higher morbidity and mortality rates in patients
treated microsurgically, including a study by Brinjikji et al.
that analyzed NIS hospital discharge data to evaluate the
outcomes of 64,043 patients with unruptured [As (29,918
treated with surgery and 34,125 treated with EVT) [8]. Com-
pared to EVT, the authors reported higher rates of mortality
(1.2% vs. 0.6%, P <0.0001), surgical complications (3.3%
vs. 1.6%, P <0.0001), neurological complications (7.8% vs.
2.3%, P <0.0001), and overall complications including dis-
charge to long-term facility (14.0% vs. 4.9%, P <0.0001)
among patients treated with clipping [8].

Though a number of large studies have found relatively
high complication rates associated with open microsurgery
for IAs, with mortality rates as high as 2.66% [4, 8, 27], such
large national sample studies include patients managed with
open surgery at low volume centers which may inappropri-
ately inflate complication and death rates. By centralizing
the management of IAs at higher volume multidisciplinary
centers that offer a team approach, patients that would be
best treated with EVT can be removed from the equation,
and better outcomes can be offered for those complex aneu-
rysms still requiring open surgery. It should come as no
surprise that when looking at an unselected series of IAs
at all locations, EVT will offer lower short-term complica-
tion rates than open microsurgery. But by using a careful
selection process, teams can optimize surgical results, offer-
ing better outcomes with lower complication and mortal-
ity rates. In addition, microsurgical techniques avoid par-
ticular device-related complications such as coil stretching
or migration [38, 43], and numerous studies have reported
that microsurgery confers a lower risk of thromboembolic
complications [7, 22, 24, 38, 43], and provides better long-
term occlusion and reduced recurrence/retreatment rates in
patients with unruptured IAs [7, 15, 42].

Multiple factors likely contributed to the favorable out-
comes achieved in this series. We have alluded to increasing
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experience over time at a high-volume center with the expe-
rience being concentrated in the hands of a single surgeon.
Equally important in our opinion was the integrated team
approach, creating a collaborative rather than competitive
environment in which each patient was discussed openly,
and the treatment option felt to carry the best long-term
result balanced with the lowest complication rate was rec-
ommended to the patient. As endovascular techniques have
improved, we have increasingly relied on EVT, allowing us
to treat the most dangerous surgical aneurysms using less
risky means. Finally, a standardized approach incorporating
repeated application of the same principles to pre-, intra-,
and post-operative care have likely improved our outcomes
as well. We believe that such a standardized approach allows
everyone who touches the patient to develop a high level of
comfort and expertise with the issues unique to IA patients,
and we consider this important in optimizing outcomes.

Predictors of complications

A major meta-analysis of 54 studies including data on
108,263 unruptured IAs treated surgically found an over-
all pooled postoperative complication rate of 8.34% [3].
Ischemic complication rates in these studies range between
2.5 and 10% [3, 23, 44], ischemic stroke rates range from 4.3
to 8.16% [4, 6, 23], hemorrhagic complications rates from
2.38 to 5% [3, 4, 44], cardiac complications rates from 0.15
t0 3.18% [4, 8, 23], and PE rates from 0.91 to 2.11% [4, 23].
Specific preoperative comorbidities associated with poor
outcome and readmission include older age, obesity (class II
or III), hypertension, congestive heart failure, coagulopathy,
smoking, alcohol/drug use, anemia, preoperative hypona-
tremia, aneurysm size, and posterior circulation unruptured
1A [1, 3, 11, 12, 17, 23, 27, 29]. If surgical morbidity is
anticipated to be high due to these factors, then EVT should
be considered or conservative management without inter-
vention may be most appropriate.

The current study found lower rates of morbidity and
mortality than were found in other large studies for EVT
or microsurgery, indicating that the range of patient out-
comes in treating IAs may be influenced by factors other
than the chosen treatment modality. Given the invasive
nature and technical challenges associated with microsur-
gical treatment, outcomes are also heavily dependent on
a given center’s microsurgical and interventional expe-
rience, institutional support, and the implementation of
effective treatment algorithms based on careful risk strati-
fication of patients [5, 18, 21, 28, 39]. Morbidity and mor-
tality have been found to correlate with treatment volumes,
and this study’s findings for these outcome measures may
reflect the high volume and experience that intense subspe-
cialization and institutional competencies can provide. We
recommend that discussions of IA treatment strategies be
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focused not only on treatment modality choice but also on
optimizing patient access to institutions with the resources
and support to improve outcomes above those seen in
broad national samples. The American Heart Associa-
tion/American Stroke Association have similarly recom-
mended that the surgical treatment of IAs be performed
at high volume centers [44], highlighting the continued
need for proper training of young cerebrovascular surgeons
to safely undertake these types of operations and deliver
superior outcomes to patients.

Limitations

The principal limitations of this report include its retrospec-
tive nature, which introduces potential selection bias, and the
fact that the operations were performed by a single surgeon
at a large volume multidisciplinary center over the course
of 23 years, potentially limiting the generalizability of its
data. At the same time, since this study describes compli-
cations in a large cohort of patients with aneurysms at a
wide variety of locations treated during the era of EVT, it
is hoped that this work may help address questions regard-
ing the incidence and spectrum of complications as well as
the mortality associated with the microsurgical treatment
of unruptured IA aneurysms, a technique being used less
frequently as EVT improves. This information may become
increasingly important to physicians who must decide how
to manage patients with unruptured IAs in the future.

Conclusion

Our results in a large series of unruptured IAs demonstrate
that careful patient selection by a multidisciplinary team at
a high-volume center can yield low complication and mor-
tality rates. This data, from the largest single-center sur-
gical IA treatment series published to date, suggests that
tailoring treatment for each unruptured IA can minimize
the surgical risk to patients. By providing data regarding
the morbidity and mortality rates that can be achieved real-
istically by applying a multidisciplinary dedicated team
approach to the management of unruptured IAs, it is hoped
that this work will help physicians better decide between
the available treatment options for these complex patients.
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Comments: First, we would like to congratulate the authors on their
effort across almost a quarter of century to establish a new standard for
morbidity and mortality of unruptured intracranial aneurysm surgery.
Notwithstanding, the paper and the data deserve some comments.

First, microsurgery for unruptured intracranial aneurysms is a

well established, effective and durable treatment. Neurosurgeons
should not apologize when they decide to treat aneurysms
microsurgically, especially those on MCA tree and anterior
circulation. No study to the present date showed unequivocally the
superiority of other treatments over microsurgery.

Having said that, unruptured aneurysms have a rupture rate

on the long-term, recurrence after treatment,and a biology that

is different from ruptured ones. It’s a common mistake to look to
this group retrospectively with data gathered from the analysis of
ruptured aneurysms. This means that we should be very careful
with the selection of those unruptured aneurysms that deserve
treatment as well as our M&M should be kept at a very low level.
That level remains to be determined.

In the years to come, hopefully, new modalities to help us
determine which aneurysms deserve treatment will come to our
armamentarium. Then, we’ll rely less on morphological criteria
and more on biological characteristics of the aneurysm’ wall.
Considering the complexity of the disease this won’t be an easy
task. Until then and also from then on the focus should be on
prevention, especially on restricted smoking public policies as well
as hypertension awareness and effective treatment.

Another point of interest is the reporting of occlusion rates as
a measure of success in aneurysm surgery. Complete occlusion
is unquestionably important or mandatory in ruptured aneurysms
since the inflammation process proved to come to a ‘no-return’
point and the re-rupture is a big concern. Contrariwise, in
unruptured aneurysms the focus should be on the side of avoiding
complications, since rupture of a neck remnant is an extremely
uncommon event. The authors should be congratulated for this.

Finally, the authors tried to evaluate cognitive and quality-
of-life issues in this paper. They claim, correctly, that this is a
commonly overlooked problem in neurosurgery. However, in our
opinion, worst than non-assessment is a bad or confusing one.
Without a proper pre-operative neuropsychological evaluation,

a post-operative MRI searching for new lesions (especially
minor asymptomatic strokes or contusions) followed by new
neuropsychological assessment it’s not possible to judge on
this issue properly. New studies with new designs should be
undertaken with this purpose.

Joao Silva and Mika Niemeld

Helsinki, Finland

In this manuscript the authors describe a large number of
unruptured aneurysms which have undergone clipping by a single
neurosurgeon. The study is generally descriptive in that they
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are selected from a larger cohort, about half of which underwent
endovascular treatment and half of which underwent open surgical
treatment. The overall mortality rate was low at 0.3% (5/1750).
Permanent disability occurred in 0.4% (7/1750). A return to
preoperative lifestyles with no modifications occurred in 95.9%
(1678/1750). While more granular data regarding specific

quality of life measures and neurocognitive outcomes is lacking,
this constitutes an endorsement of the safety of microsurgery in
experienced hands. This study does not provide data regarding
different epochs in the surgeon's experience, but the event numbers
are so low that it is unlikely that there would be any significant
difference between the early and later parts of the surgeon's
career. The retrospective and selected nature of the study means
that the low complication rates cannot be attributed to any

specific factors, but one can speculate that clipping aneurysms
under the favorable conditions present in the unruptured state
makes very good outcomes possible. Endovascular techniques
and technology continue to evolve and produce better and better

outcomes. However, arguably a major role still exists for clipping
as is employed in this practice, provided the practitioner is
careful, skilled, and experienced. Preservation and perfection of
the skill of open clipping should still be emphasized strongly so
that whatever the choice of modality, the best outcome for that
modality is being offered to the patient. Loss of clipping skills
may lead to a bias in favor of endovascular treatment outcomes,
with a commensurate bias in modality selection generating a self-
fulfilling prophecy in favor of more endovascular treatment. It has
been our observation that the clipping learning curve is longer and
more difficult to navigate; this is not a reason not to attain such
expertise.

Roland Jabre,

Brittany Madison Gerald,

Peter Nakaji,

Phoenix, Arizona, USA

@ Springer



	Procedural complications in patients undergoing microsurgical treatment of unruptured intracranial aneurysms: a single-center experience with 1923 aneurysms
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patient review
	Management strategy
	Surgical procedures
	Post-operative follow-up and complications

	Results
	Patient characteristics and aneurysm morphology
	Postoperative follow-up
	Occlusion rates, complications, and mortality

	Discussion
	Microsurgery and endovascular treatment
	Predictors of complications
	Limitations
	Conclusion

	Acknowledgements 
	References


