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Abstract
Objective: Few prospective randomized controlled studies have investigated the e�cacy of endovascular
treatment and microsurgical clipping of intracranial aneurysms, especially via microsurgical keyhole
approach. We compared the e�cacy of three techniques in treating patients with ruptured anterior
circulation aneurysms to provide surgeons with a more objective basis for treatment selection.

Methods: 150 patients with ruptured anterior circulation aneurysms were randomly assigned to
endovascular treatment, conventional craniotomy, and keyhole approach groups. Aneurysm occlusion,
surgical time, hospitalization time, hospitalization expenses, and surgical complications were compared
between groups.

Results: The complete occlusion rates of aneurysms at discharge were 90% in the endovascular group,
94% in the conventional group, and 96% in the keyhole group. No signi�cant differences in complete
occlusion rates or Glasgow Outcome Scale scores were found between groups. In the keyhole approach,
conventional craniotomy, and endovascular groups, the overall surgical times were 161.78±34.51 min,
201.55±38.79 min, and 85.86±58.57 min, respectively; the hospitalization times were 11.42±6.64 d,
18.03±7.14 d, and 10.57±8.67 d; hospitalization expenses were 10574.25±4154.25 USD,
13214.54±5487.65 USD, and 20134.58±6587.61 USD; and the incidence rates of postoperative
complications such as intracranial infection, cerebral vasospasm, hydrocephalus, intracranial hematoma,
and epilepsy were 8%, 28%, and 20%.

Conclusions: Endovascular coiling and the microsurgical keyhole approach have the advantages of
simple execution, time savings, and short hospitalization. Microsurgical clipping of intracranial
aneurysms needs to be updated to a minimally invasive procedure to maintain its complementary value
with endovascular treatment.

Clinical trial registration: The study has been retrospectively registered in clinicaltrial.org (NCT05049564)
in Sep. 8th, 2021.

Introduction
Since Perneczky published a monograph on the keyhole approach [30], the minimally invasive keyhole
approach has been applied to the treatment of not only unruptured anterior circulation aneurysms but
also ruptured aneurysms, large and giant aneurysms, and posterior circulation aneurysms [2,8,19,27].
Some reports even discuss bilateral intracranial aneurysm surgery using a unilateral keyhole approach
[38]. Although both endovascular treatment and microsurgical clipping with the keyhole approach have
shown good therapeutic effects, few prospective randomized controlled trials have compared the e�cacy
of these two minimally invasive techniques in the treatment of intracranial aneurysm [24,26]. 

In this study, patients with ruptured anterior circulation aneurysms, which are easy to standardize, were
the study subjects, and a randomized controlled analysis comparing the keyhole approach, conventional
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craniotomy, and endovascular treatment was performed to clarify the advantages, disadvantages, and
outcomes of these three techniques.

Materials And Methods
Inclusion criteria: 1. Patients diagnosed with a single intracranial anterior circulation aneurysm by
computed tomography angiography (CTA) or digital subtraction angiography (DSA); 2. patients with
subarachnoid hemorrhage diagnosed by computed tomography (CT) due to aneurysm rupture, which was
con�rmed during surgery; 3. patients without indications for decompressive craniectomy (Hunt-Hess
grade ≤4, Glasgow Coma Scale (GCS) score ≥7, no pupil dilation, and CT showing a midline shift <5
mm); and 4. patients with aneurysms suitable for both endovascular treatment and microsurgical
clipping. From January 2013 to September 2017, a total of 150 consecutive patients meeting the
inclusion criteria were included in this study.

Exclusion criteria: 1. Lack of consent to inclusion by the patient or the patient’s family; 2. unruptured
anterior circulation aneurysms; 3. multiple intracranial aneurysms; and 4. serious concomitant diseases
contraindicating treatment. 

Groups: Endovascular treatment group: Patients underwent endovascular treatment with embolization or
stent-assisted embolization. Keyhole approach group: Patients underwent microsurgical clipping via the
keyhole approach. Conventional craniotomy group: Patients underwent microsurgical clipping through
traditional bone �ap craniotomy. No signi�cant differences in clinical data were found between the
groups.

Ethics: This study was approved by the Ethics Committee of the Second A�liated Hospital of Soochow
University. The patients were randomly grouped according to admission time once they or their families
provided written consent. The study has been registered in clinicaltrial.org (NCT05049564).

Surgeons: Our surgeons learn both the endovascular and microsurgical keyhole treatment methods. After
3 years of extensive experience in applying these techniques, the surgeons could perform the surgeries in
this randomized controlled study.

Patients: From January 2013 to September 2017, 150 consecutive patients with ruptured anterior
circulation aneurysms meeting the inclusion criteria were included in this study (Table 1).

Treatment methods

Microsurgical approaches

The keyhole approach involved a 4-cm skin incision and a cranial hole with a diameter of 2–2.5 cm, and
the internal skull plate at the front edge of the operative �eld was ground to expand the surgical �eld of
view. After surgery, the skull �ap was repaired, and no drainage tube was placed in the surgical region.
This study used the supraorbital keyhole approach, pterional keyhole approach, and trans-longitudinal
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�ssure keyhole approach [17]. Conventional craniotomy followed the Yasargil pterional approach and
interhemispheric approach, and the surgical incisions were approximately 15 cm [6] (Figure 1).

Microsurgical procedure

First, the Sylvian cistern, carotid cistern, prechiasmatic cistern, and other brain cisterns were opened to
fully release the bloody cerebrospinal �uid and separate and expose the parent arteries. For patients with
high intracranial pressure or severe subarachnoid hemorrhage, lamina terminalis fenestration was
performed or the Liliequist membrane was opened to further release cerebrospinal �uid. After separating
the aneurysm neck, different types of aneurysm clips were selected to clip the aneurysm neck according
to the direction, size, and approach angle of the aneurysm. When an aneurysm ruptured during surgery,
two aspirators were used to control the bleeding. In the keyhole group, a lumbar cistern drainage tube was
placed after surgery, while in the conventional group, subdural and epidural drainage tubes were placed
after surgery, and bloody cerebrospinal �uid was drained continuously for 3–5 days.

Endovascular treatment

The Seldinger method was used to establish the femoral artery approach, and the whole body was
heparinized. A 6-F guiding catheter was placed at the level of the C2 vertebral body of the internal carotid
artery on the side of the lesion. According to the location, orientation, and volume of the aneurysm, the tip
of the microcatheter was shaped by steam and inserted into the aneurysm cavity under the guidance of a
microguide wire, and detachable coils were packed one by one until the aneurysm cavity was blocked off.
If the coil could not be stabilized in the aneurysm cavity, a stent was used to protect the parent artery.
Plavix (75 mg orally qd) was prescribed for up to 6 weeks after the surgery, and aspirin (100 mg orally qd)
was prescribed for life.

Follow-up after surgery

For patients in the microsurgery group, CTA or DSA was performed at the �rst reexamination within 1
week after surgery and again 6 months after surgery. Patients in the endovascular group were reexamined
at 6 months after surgery. The Glasgow Outcome Scale (GOS) was used to evaluate the prognosis during
discharge and follow-up.

Statistical analysis

A Student’s t-test was used to compare the age, time and cost. A X2 test was used for sex, grade, operative
period, aneurysm diameter, aneurysmal rupture, incidence of complications, and GOS score. All data were
analyzed by SPSS 21.0 software (IBM, Chicago, USA). P <0 .05 was set as statistically signi�cant.

Results
Aneurysm treatment



Page 5/17

Among the 150 patients (Table 2), 100 received microsurgical treatment, including 50 by the keyhole
approach (24 patients via the supraorbital keyhole approach, 22 patients via the pterional keyhole
approach, four patients via the interhemispheric keyhole approach) and 50 by conventional craniotomy
(46 patients via the Yasargil pterional approach, four patients via the interhemispheric approach). During
the clipping of these 100 aneurysms, 21 aneurysms ruptured, including 10 in the keyhole group and 11 in
the conventional group, and were properly clipped after two aspirators were used to control the bleeding;
no blood was transfused during the surgery. No signi�cant difference in treatment time (the subdural
manipulation time) was noted between the keyhole group and the conventional group (P=0.81). The
craniotomy and closure times (the time from scalp incision to completion of the dural incision + the time
from suture of the dura to completion of the scalp suture) were 60.54±17.54 minutes in the keyhole group
and 98.54±24.87 minutes in the conventional group (P<0.001).

Among the 50 aneurysms in the endovascular group, 35 aneurysms were simply embolized, and 15
aneurysms were assisted by stents. Eight aneurysms ruptured during surgery, and hemostasis was
achieved after fast coil packing. The surgical time in the endovascular treatment group was signi�cantly
shorter than that in the two microsurgery groups (P<0.001).

Aneurysm occlusion

Among the 100 patients treated by microsurgery, one patient died due to severe lung infection, and the
other 99 patients were reexamined with head CTA or DSA after surgery and followed up 6 months later.
Two patients with anterior communicating artery aneurysms in the keyhole group (4%) and two patients
with posterior communicating artery aneurysms and one patient with an anterior communicating artery
aneurysm in the conventional group (6%) had a small residual aneurysm neck after surgery. For one of the
patients in the keyhole approach group with an anterior communicating artery aneurysm, the residual
aneurysm neck had completely disappeared at the 6-month follow-up exam. Among the 50 patients with
endovascular treatment, Raymond grade 1 occlusion was achieved in 45 aneurysms, and Raymond grade
2 occlusion was achieved in �ve aneurysms after surgery (10%); three of these patients died, and 47
patients were reexamined with DSA 6 months after surgery. Three of the 32 patients with simple coil
embolization were found to have aneurysm neck recurrence.

Length of postoperative hospitalization and medical expenses

The length of postoperative hospitalization in the keyhole group was 11.42±6.64 days, which was
signi�cantly shorter than that in the conventional group (18.03±7.14 days, P<0.001) but was comparable
to that in the endovascular group (10.57±8.67 days, P=0.32). The total hospitalization cost in the keyhole
group was (10574.25±4154.25 USD), which was lower than that in the conventional group
(13214.54±5487.65 USD, P=0.03), while the total hospitalization cost in the endovascular group was
20134.58±6587.61 USD, which was signi�cantly higher than that in the other two microsurgery groups
(P<0.001).

Complications
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As shown in Table 2, in the keyhole, conventional, and endovascular groups, the incidence rates of
postoperative complications, including intracranial infection, cerebral vasospasm, hydrocephalus,
intracranial hematoma, and epilepsy, were 8%, 28%, and 20%, respectively; the reoperation rates were 2%
(1/50, decompressive craniectomy due to cerebral infarction caused by cerebral vasospasm), 12% (6/50,
one patient underwent removal of delayed intracerebral hematomas, two patients underwent
decompressive craniectomy, three patients underwent ventricular-peritoneal shunting), and 26% (13/50,
four patients underwent ventricular drainage, which was changed to a ventricular-peritoneal shunt in one
patient after extubation, four patients underwent traditional bone �ap craniectomy due to increased
intracranial hemorrhage, two patients underwent decompressive craniectomy, three patients underwent
ventricular-peritoneal shunting); and the mortality rates were 2% (1/50, lung infection), 0%, and 6% (3/50,
intraoperative aneurysm rupture).

Discussion
Feasibility of aneurysm clipping via the keyhole approach

This study showed that the operation time in epidural in the keyhole group was signi�cantly shorter than
that in the conventional craniotomy group, but no signi�cant difference in the aneurysm clipping
(intracranial manipulation) time was observed; this �nding indicated that the keyhole approach does not
prolong surgery due to the narrow bone hole and that aneurysm clipping with the traditional surgical
approach can be carried out smoothly using the keyhole approach. The reason is that with the keyhole
approach, only extra space that is basically unnecessary for surgery is removed, while the key operative
sites are retained [32]. Intracranial aneurysms are located in the subarachnoid space, and the operating
channels for the keyhole approach enter through the gap between the brain tissue and the dura. A gap
measuring 2.5 cm can fully meet the exposure requirements of deep structure surgery, and excessive brain
tissue traction may cause unnecessary contusion of brain tissue. Designing the surgical approach before
surgery is important to facilitate aneurysm clipping. If the aneurysm is oriented laterally, the anterior
supraorbital keyhole approach can expose the aneurysm neck well; however, for dorsally oriented
aneurysms, fenestration or right-angle clips may be required during the anterior approach (the parent
artery may partially obscure the aneurysm clips), and under the lateral pterional keyhole approach, the
aneurysm neck can be clearly exposed [18]. In addition to this study, we have successfully performed the
keyhole approach on complex aneurysms (large or giant aneurysms, aneurysms in the clinoid segment,
and posterior circulation aneurysms), which fully demonstrates that the minimally invasive keyhole
approach is effective and feasible for aneurysm clipping [15,16,21]. If necessary, simulated operations
can also be performed preoperatively by printing a 3D model of intracranial aneurysms to plan or verify
the feasibility of the keyhole approach [14,20]. 

Effectiveness of aneurysm clipping by the keyhole approach

In this study, aneurysm clipping was successful in all 50 patients who underwent keyhole approach
surgery, 44 of whom underwent surgery in the acute stage, while 6/50 patients underwent surgery under
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the so-called vasospasm period, 10/50 patients experienced intraoperative aneurysm rupture, and 5/50
patients had a Hunt-Hess grade of IV. Therefore, for patients without cerebral hernia before surgery,
intracranial pressure can be effectively reduced, and su�cient intracranial operative space is provided
through the release of cerebrospinal �uid and the use of dehydrating agents during surgery. Even if the
aneurysm ruptures intraoperatively, the bleeding can be quickly controlled with two aspirators, and then,
aneurysm clipping can be completed [4,28,37]. One patient with Hunt-Hess grade IV underwent
decompressive craniectomy 2 days after surgery in the acute stage because of high intracranial pressure
caused by cerebral vasospasm and recovered well after hyperbaric oxygen therapy, indicating that in
some patients with severe subarachnoid hemorrhage and poor preoperative grading, traditional bone �ap
craniotomy and decompressive craniectomy should be performed early depending on their conditions.

Comparison of the keyhole approach and conventional craniotomy

The duration of epidural operation in the keyhole group was on average 40 minutes shorter than that in
the conventional craniotomy group, and the hospitalization time was 1 week shorter, enabling the surgeon
to spend more time and energy on the treatment of intracranial lesions and allowing the patient to recover
and return home as soon as possible. Therefore, the treatment costs were also lower. 

The greatest difference between the keyhole approach and conventional craniotomy is the extent of the
surgical trauma and related injuries. Some people may think that a larger surgical incision is not harmful
to the patient, but in fact, the psychological fortitude of the patient and the postoperative impact are
substantially affected by the incision size. Two patients in the conventional craniotomy group had
postoperative intracerebral hematoma due to brain traction and contusion. In contrast, the small bone
holes of the keyhole approach can limit the traction on brain tissue. In addition, the incidence of
postoperative infections and epilepsy in the conventional group was higher than that in the keyhole group.
One patient had undergone clipping of a posterior communicating artery aneurysm through conventional
craniotomy in another hospital one year previously. After surgery, the patient had obvious feelings of
discomfort and then suffered from temporal muscle atrophy with a sunken appearance after discharge.
The patient was admitted to our department because of rupture of a contralateral posterior
communicating artery aneurysm and was treated by the pterional keyhole approach (Figure 1 D-E). After
surgery, the patient felt well and happy, with no defects in appearance, and considered that the keyhole
approach was quite different from conventional craniotomy. Many patients with aneurysms choose
interventional surgery because they are afraid of conventional craniotomy. The minimally invasive nature
of the keyhole approach can increase their acceptance of microsurgery [1,7,31].

Indeed, small bone holes are required with minimally invasive keyhole approach, which may cause some
discomfort to surgeons who are familiar with conventional craniotomy. In fact, in the past, when
conventional craniotomy was performed, the actual operating space was fairly similar to that of the
keyhole approach, and experienced aneurysm surgeons do not experience di�culty when trying different
surgical approaches. Young surgeons can quickly master the keyhole approach after training in
microanatomy or under the guidance of surgeons familiar with the keyhole approach. The disadvantage
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of the keyhole approach is that it is limited to a narrow cranial hole, and changing the direction of the
aneurysm clip during the surgery is di�cult [25,29,34]. Under a �xed operating angle, surgeons can only
rely on different aneurysm clips and adjustment of the operating table to reach the best clipping angle.
For some complex aneurysms, if multiangle observation or clipping is required, conventional craniotomy
is favorable. 

Comparison of the keyhole approach and endovascular treatment

For interventional therapy, no open injury or blood transfusion is required, and the incidence of
postoperative infection and epilepsy is low [9,10,12]. This advantage of endovascular treatment was also
con�rmed by this study.

The response to aneurysm rupture during surgery is one of the key factors affecting the e�cacy of
aneurysm surgery. The countermeasures in conventional craniotomy are all suitable for the keyhole
approach [11,13]. In this study, 10 aneurysms in the keyhole group and 11 aneurysms in the conventional
craniotomy group ruptured during surgery, and the bleeding was always quickly and properly controlled,
without complications caused by poor management of ruptured aneurysms. However, aneurysm rupture
during endovascular treatment is very different and is often fatal, and no rapid and effective treatment
methods are available [33,36]. In the endovascular treatment group of this study, although eight patients
with intraoperative aneurysm rupture received rapid hemostasis by rapid coil packing, four had increased
intracranial pressure and brain swelling after surgery and underwent emergency conventional craniotomy.
Among them, two patients died, resulting in a mortality rate of intraoperative rupture of 25% (2/8).

The rapid development of endovascular treatment techniques has expanded the indications for the
treatment of intracranial aneurysms [25], but at present, some aneurysms are better suited for surgical
clipping. For example, for wide-necked aneurysms, no subsequent treatment of double antiplatelet due to
stent implantation during endovascular treatment is required after surgical clipping; for patients with
obvious intracranial hemorrhage, the hematoma can be removed and decompressed at the time of
surgical clipping, or the hemorrhagic cerebrospinal �uid can be fully released to reduce the incidence of
vasospasm and hydrocephalus; clipping and shaping of giant aneurysms can achieve a great effect; and
surgical clipping is still a better option for patients with intracranial arterial tortuosity and for aneurysms
that are hard to reach with the catheter guide wire [5,22,23,35]. For long-term e�cacy, endovascular
treatment still has a certain recurrence rate. In this study, DSA at the 6-month follow-up showed that three
of the 35 aneurysms with simple coils had recurrence (8.57%), even if they reached Raymond grade I
occlusion after the surgery. Microsurgical clipping of intracranial aneurysms is still a key treatment
technique, but we also need to adapt to new advancements and make aneurysm clipping more minimally
invasive, for which the keyhole approach is currently the most representative, optimal choice [3,17].

Limitations
This study is a single-center study with an insu�cient sample size. The �ndings require further
con�rmation by multicenter studies with large samples.
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Conclusions
This study showed that both surgical clipping and interventional therapy have good therapeutic effects,
but minimally invasive surgery should be the �rst choice and future direction for intracranial aneurysm
treatment. Surgical training promoting mastery of both surgical clipping and interventional therapy is
bene�cial for perfecting intracranial aneurysm treatment and will enable formulation of the best
individualized treatment plan for each patient [13]. In the future, large-scale multicenter case studies
should be designed to verify the results of this study.
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Table 1. Total Number of Enrolled Patients and Operative Times

  Keyhole approach
group

50 patients

Conventional craniotomy
group

50 patients

Endovascular
treatment group

50 patients

Mean age (years)a 50.24±13.14 51.56±11.57 50.95±14.55

Sex (male/female)b 18/32 20/30 18/32

Hunt-Hess grade

IIc 35 33 31

IIId 10 13 14

IVe 5 4 5

Fisher grade

IIf 28 30 29

IIIg 10 8 11

IVh 12 12 10

Operative time

Acute stage (<3 d)i 44 45 44

Subacute stage (3-
14 d)j

6 5 6

Chronic stage (>14
d)

0 0 0

Maximum diameter of aneurysm mm

<5mmk 23 21 24

5≤  <15mm l 25 26 22

15≤  <25mmm 2 3 4

The P values among groups (keyhole approach group vs. Conventional craniotomy group (K/C); Keyhole
approach group vs. Endovascular treatment group (K/E); Conventional craniotomy group vs.
Endovascular treatment group (C/E )) were: a: P=0.51, P=0.48, P=0.17; b: P=0.68; P 0.99; P=0.68; c:
P=0.67, P=0.40, P=0.68; d: P=0.48, P=0.35, P=0.82; e: P=0.73, P 0.99, P=0.73; f: P=0.69, P=0.84, P=0.84; g:
P=0.60, P=0.81, P=0.44; h: P 0.99, P=0.63, P=0.63; i: P=0.75, P 0.99, P=0.75; j: P=0.75, P 0.99, P=0.75; k:
P=0.69, P=0.84, P=0.55; l: P=0.84, P=0.55, P=0.42; l: P=0.65, P=0.40, P=0.70.
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No signi�cant differences were found between the groups
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Table 2. Treatment Results of the Enrolled Patients

  Keyhole approach

group

Conventional
craniotomy group

Endovascular
treatment group

Total surgical time

(minutes)a

161.78±34.51 201.55±38.79 85.86±58.57

Cranial opening and closing time

(minutes)b

60.54±17.54 98.54±24.87 None

Time for aneurysm
treatment(minutes)c

101.24±21.68 103.01±28.66 63.48±39.74

Number of aneurysm ruptures
during surgeryd

10 11 8

Length of postoperative
hospitalizatione

(days)

11.42±6.64 18.03±7.14c 10.57±8.67

Hospitalization expenses

(USD)f

10574.25±4154.25 13214.54±5487.65c 20134.58±6587.61

Glasgow score at discharge (cases)

5 pointsg 40 38 40

4 pointsh 4 3 3

3 pointsi 3 4 3

2 pointsj 1 2 1

1 pointk 2 3 3

Total cases 50 50 50

Complicationsl

Cerebral vasospasm 1 2 2

Intracerebral infection 1 3 0

Hydrocephalus 2 3 4

Intracerebral hematomas 0 2 4

Epileptic seizures 0 4 0
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Death 1 0 3

The P values among groups (keyhole approach group vs. Conventional craniotomy group(K/C); Keyhole
approach group vs. Endovascular treatment group (K/E); Conventional craniotomy group vs.
Endovascular treatment group (C/E )) were: a: P=0.002, P 0.001, P 0.001; b: P 0.001; c: P=0.71, P 0.001, P
0.001; d: P=0.81, P=0.60, P=0.44; e: P 0.001, P=0.32, P 0.001; f: P=0.03, P 0.001, P 0.001; g: P=0.009, P

0.99, P=0.35; h: P=0.63, P=0.08, P=0.63; i: P=0.70, P=0.70, P 0.99; j: P=0.70, P 0.99, P=0.70; k: P=0.56, P
0.99, P=0.56; l: P=0.65, P=0.65, P 0.99.

Figures

Figure 1
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The appearance of each surgical approach A. Supraorbital keyhole approach through a left eyebrow
incision, B. CT reconstruction of the bone hole of supraorbital keyhole approach through a left eyebrow
incision, C. Incision for trans-longitudinal �ssure keyhole approach, D. Incision for conventional pterional
approach, E. Incision for pterional keyhole approach.


