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Abstract

Unruptured intracranial aneurysms (UIAs) represent a major public health 
issue due to their unpredictable natural history. Whether to actively treat them or 
to maintain them under observation remains a hotly disputed topic. In this chapter, 
we present a review of the literature regarding the history of clipping and its use 
in UIAs, as well as the experience of our senior author in this field. We performed 
an extensive Medline and Google Academic search of the relevant literature. We 
have also made a retrospective analysis on patients harboring UIAs and multiple 
intracranial aneurysms (MIAs) clipped by the senior author between 1997 and 
2017. About 89 patients had solitary UIAs, alongside 101 with MIAs possessing 257 
individual aneurysms in total. All UIA patients were discharged with a favorable 
neurological outcome and no mortality. Concerning MIAs, the majority of cases 
had 2 aneurysms, the highest number being 6. And, 61 patients from this group had 
a favorable outcome. In the hands of experienced vascular neurosurgeons, clipping 
remains a safe option for both UIAs and MIAs. This procedure offers a long-lasting 
protection from aneurysmal rupture. In the future, new clip technologies and 
intraprocedural methods of verifying vessel patency and aneurysmal occlusion may 
further enhance postoperative results.

Keywords: intracranial aneurysm, multiple aneurysms, unruptured, surgery, 
clipping

1. Introduction

Once considered as the definitive curative option for intracranial aneurysms 
(IAs), clipping has steadily lost its footing in the face of the less invasive and lower-
risk-laden endovascular procedures. Successful clipping implies completely occlud-
ing the aneurysmal sack at its origin on the parent artery, significantly diminishing 
the risk of rupture and ensuing morbidity. The procedure is especially indicated 
for ruptured aneurysms. However, there is ongoing debate regarding the neces-
sity for surgery in the case of unruptured intracranial aneurysms (UIAs). Since 
many of these patients also harbor more than one aneurysm, another controversial 
aspect in neurosurgery is whether to treat all aneurysms in the same session or to 
leave the unruptured lesions for a delayed intervention or even for an endovascular 
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procedure. In this chapter, we present our considerable experience and attitude in 
the surgical management of unruptured and multiple aneurysms.

Preventing rupture from IAs represents a major concern for neurosurgeons, 
neuroradiologists, and neurointerventionists, as this represents a catastrophic 
and potentially life-threatening occurrence in the natural history of this pathol-
ogy. UIAs are defined as not possessing a known history or signs of rupture or 
that have been diagnosed incidentally for symptoms unrelated to intracranial 
hemorrhage. They are a veritable “ticking time bomb” that, under certain condi-
tions, can “detonate” and cause a devastating hemorrhagic stroke with severe 
and often irreversible consequences. Therefore, preventive surgical treatment 
of UIAs, especially clipping of the aneurysmal sack, is a valuable and possibly 
life-saving option.

A successful clipping means that the vascular clip completely isolates the aneu-
rysmal lumen from blood flow at its origin on the parent artery. This point of origin 
is generally located at either a bifurcation or a sharp turn of an artery. Surgical 
clipping may prevent rupture of that particular aneurysm, although an incomplete 
occlusion can result in recurrence. Since the development of less invasive endovas-
cular techniques, clipping has lost most of its standing in the treatment of UIAs, 
being reserved for hemorrhagic lesions or those otherwise unsuitable for endo-
vascular procedures. Certain highly experienced centers still favor the intracranial 
approach for UIAs due to the longevity of procedure and excellent postoperative 
neurological outcome.

Additionally, some patients may harbor more than one aneurysm, occurring 
either concomitantly or sequentially. These may be diagnosed incidentally, during 
the rupture of at least one of the aneurysms or at a variable point in time during 
postprocedural control. The treatment of multiple intracranial aneurysms (MIAs) 
to this day remains a highly debated topic, lacking a general consensus regarding 
indications, timing, and modality. Our experience supports the single-stage single-
opening surgical treatment of multiple UIAs.

2. Short history and evolution of aneurysm surgery

Although the pathology of intracranial aneurysms had been scrupulously 
studied by the beginning of the twentieth century, treatment options were scarce 
and most often fruitless [1]. Harvey Cushing (1869–1939) himself doubted whether 
these lesions could be approached surgically due to the technical limitations, 
reduced accessibility and visibility of the lesions, as well as a general lack of experi-
ence in the surgical community [1–3]. Up until that point, the treatment of intra-
cranial aneurysms relied on the proximal ligation technique, as described by John 
Hunter (1728–1793). This resulted in thrombosis and occlusion inside the aneu-
rysm. In 1885, Sir Victor Horsley (1857–1916) was reportedly the first to successfully 
perform such an intervention for an intracranial aneurysm by ligating the right 
common carotid artery [1, 2, 4]. Cushing is credited with developing the wrapping 
technique for the treatment of intracranial aneurysms; however, in 1931 his pupil, 
Dott Norman McComish (1897–1973), performed the first elective frontal crani-
otomy in order to wrap and reinforce a ruptured aneurysm with autologous muscle 
from the patient’s thigh [3–5]. Axel Herbert Olivecrona (1891–1980) was the first 
to perform a successful surgical trapping and removal of an intracranial aneurysm 
in 1932, a technique then further elaborated by Walter Dandy (1886–1946) [5]. In 
1937, Dandy used a modified version of the Cushing clip to occlude a posterior com-
municating artery (PCoA) aneurysm via a “hypophyseal approach,” being the first 
ever documented intervention of its kind [1, 2–5].
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Since then, aneurysm clipping has undergone extensive improvements in 
both technique and instrumentation. The Cushing clip was malleable; however, 
according to Kenneth George McKenzie (1892–1964), the two sides of the clips 
were frequently of unequal length, had rough ends, and had a habit of turning 
in the holder [6]. Furthermore, it could not be reopened or repositioned; thus, 
an improper placement could compromise the entire intervention [5]. In 1927, 
McKenzie conceived a more versatile alternative to the instruments used [6–9]. 
In 1949, Duane William Jr. changed the McKenzie-modified clip holder to punch 
out more effective U-shaped clips [5]. Olivecrona made a considerable redesign 
of the clips in 1953 that allowed reopening and repositioning of the clips [4, 5, 
9]. However, the drawback to these clips were crushing the aneurysmal neck and 
producing shearing and tearing of the fragilized vascular walls. Thus, Henry 
Schwartz introduced the cross-action alpha clip, basically a miniaturized spring 
forceps that could close by itself [3, 5, 9]. Despite this concept being brilliant, its 
utilization in aneurysm surgery was problematic due to its large size and the bulki-
ness of its applicator. In 1952, Frank Mayfield and George Kees Jr. made delicate 
yet crucial enhancements to clip technology, significantly reducing the size of the 
shank, while also constructing clips of diverse lengths and angles, as well as having 
wider blade openings [3–5, 9–11]. They were also responsible for the bayoneted 
design of the clip that would permit better visualization during manipulation. 
Joseph McFadden suggested a modification of Kees’ design, with rounded blades 
and blunted tips [3, 11].

Charles Drake (1920–1998) was credited with developing the fenestrated clip 
in 1969, which could allow placement of the clips on more inaccessible aneurysms 
without compromising the parent vessel [1, 3, 4]. This was especially useful for 
treating posterior fossa aneurysms, for which Drake also pioneered innovative 
techniques and surgical approaches (such as the subtemporal approach for aneu-
rysms of the basilar apex) [4]. George Smith (1916–1964) also made an essential 
innovation with a vessel-encompassing clip that could occlude aneurysms on the 
opposite side of the affected artery [3, 12]. Elaborating on this concept, Thoralf 
Sundt (1930–1992) devised a Teflon-lined clip-graft that could also mend small 
tears or irregularities in the artery [1, 3–5, 12, 13]. At present, adjustments are still 
made regarding configuration, instrumentation, and clip composition.

The next most important bound in aneurysm surgery came in the form of 
the operating microscope, allowing better visualization and illumination of the 
aneurysm neck and surrounding vessels [1, 4, 5, 14]. Gazi Yasargil, the father of 
microneurosurgery, had probably the greatest contribution in this field by not 
only standardizing the use of the operating microscope in aneurysm surgery but 
also by developing and refining procedures and instruments now commonly used 
in vascular neurosurgery [1, 3, 4]. The clips he created were specifically designed 
for use alongside microscopic magnification. Moreover, he also underscored the 
necessity of understanding cisternal and microvascular anatomy in neurosur-
gery. Drake’s seemingly most remarkable addition to vascular neurosurgery was 
comprehending the intricate anatomy of posterior circulation aneurysms, as well 
as improving outcomes following their surgical treatment [4, 5]. Magnetic reso-
nance imaging (MRI) became crucial in the diagnosis of cerebrovascular patholo-
gies. Although, since the first clips introduced in neurosurgery were made of 
stainless steel, they were not compatible with MRI. After rigorous compatibility 
testing, Robert Spetzler introduced the pure titanium clips as a nonferromagnetic 
alternative with the same mechanical properties as other clips available at that 
time [4, 5, 15, 16].

Yasargil also described the end-to-side anastomosis between the superficial 
temporal artery and middle cerebral artery (MCA), which bypassed the blood 
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flow from the extracranial circulation to the intracranial compartment [5]. The 
bypass techniques are currently used in the management of more complex giant 
aneurysms, however with less satisfactory outcomes than the standard surgical 
approaches for smaller aneurysms [5, 17]. A more recent advancement has been the 
introduction of intraoperative videoangiography by means of fluorescent dyes such 
as fluorescein sodium or indocyanine green [18]. Charles Wrobel first described this 
method in 1994 for real-time testing of aneurysmal obliteration and the patency of 
adjacent arteries [5, 19]. This tool renders intraoperative catheter-based angiogra-
phy or Doppler ultrasonography obsolete in certain cases and allows repositioning 
of inconveniently placed clips before the onset of permanent damage [5, 18–20]. 
Other contemporary innovations include the endoscopic endonasal approaches in 
order to clip skull base aneurysms; however, this technique awaits further valida-
tion [5, 21–23].

Evidently, not all aneurysms were amenable to clipping. Before the dawn of 
endovascular procedures, surgeons attempted various methods of introducing 
foreign materials into the aneurysm sack to achieve thrombosis, with variable 
results. The materials ranged from heated silver enameled wire [24], copper wire 
[25], and silk sutures [26], to magnetically guided iron suspensions [27] to even 
animal hair from horse or dog [28]. Despite these techniques being mostly obso-
lescent, they indisputably paved the way to endovascular treatment of intracranial 
vasculopathies. The most important step in this direction belonged to the invention 
of the angiography as a superior instrument for diagnosing intracranial pathologies. 
The first cerebral angiography was performed by Egas Moniz (1874–1955) in 1927, a 
technique which remained the only dependable diagnostic method for identifying 
intracranial lesions until the introduction of computed tomography (CT) nearly 
50 years later [1, 4, 29–31]. Fascinatingly enough, an editorial published in The 
Lancet in 1931 predicted the probability of not only diagnosing intracranial aneu-
rysms through this tool but also as an opportunity for therapy in later years [1, 29]. 
The endovascular coils presently used were preceded by detachable balloons that 
could be deployed inside vascular lesions and would harden to result in a controlled 
localized thrombosis [1, 4, 32]. However, this technique resulted in significant 
complications and was soon replaced. The first successful treatment of an intra-
cranial aneurysm via coiling belonged to Ira Braun in 1985 [1, 4]. Guido Guglielmi 
undoubtedly had the most significant role in developing modern coils that were 
electrolytically detachable [33–35].

Ever since, the role of microneurosurgery in the treatment of aneurysms has 
diminished in the face of a safer, easier, less invasive, and satisfyingly durable 
procedure with a shorter hospital stay and faster recovery time [36–38]. Many other 
endovascular techniques and tools have been elaborated in the wake of this innova-
tion the technology experiencing an exponential growth. A thorough description of 
such instruments is beyond the scope of this chapter. In what follows, we detail the 
microsurgical treatment options for unruptured solitary and multiple aneurysms, 
with a special emphasis on clipping, its effects, outcome, and consequences while 
also sharing our operative experience.

3. Natural history of unruptured aneurysms

To quote physicist Niels Bohr (1885–1962), “Prediction is very difficult, 
especially about the future.” This also applies to UIAs regarding what can cause 
them to bleed and when. There is a high variability between populations in the 
prevalence of UIAs, being cited between 1% and as much as 7% of the general 
population [39–42]. They are more commonly found in the anterior circulation, 
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at more advanced ages, and more often in women. The natural history seems to 
differ according to the shape, location, and size of the lesion, with a significant 
incongruity between the number of incidentally discovered aneurysms each year 
(2000–4000 per 100,000 persons/year) and the annual incidence of aneurysmal 
subarachnoid hemorrhage (aSAH) (approximately 10 per 100,000 persons/year) 
[43]. In other words, out of 200 to 400 patients diagnosed yearly with an intra-
cranial aneurysm, chances are that only one of these may rupture. The annual and 
cumulative risk of rupture has been appraised at approximately 1%/year and at 9% 
at 9 years for the Japanese and Korean populations [44], similar to that of Western 
countries (0.2–1.6%/year and 10% at 10 years) [45–48]. Factors attributed to 
impact the natural history of UIAs may be related to the aneurysm itself, the 
patient, or even external influences.

Concerning patient-related factors, it seems that women have a higher preva-
lence of UIAs than men, and the peak incidence was found between the fifth and 
sixth decades of age. Patients with polycystic kidney disease, type IV Ehlers-Danlos 
syndrome, and Marfan syndrome are more likely to develop UIAs during their 
lifetime. Hypertension is the comorbidity most likely associated with this finding, 
while a positive family history is also an important risk factor among siblings. Up to 
15–30% of these patients harbor at least two UIAs, either concomitantly or sequen-
tially. The most common modifiable risk factors attributed to UIAs are smoking, 
alcohol and drug abuse, as well as using oral contraceptives [49].

According to the results of the PHASE 2 of the International Study of 
Unruptured Intracranial Aneurysms (ISUIA) trial, patients that had no previ-
ous aSAH and harbored aneurysms under 7 mm in diameter possessed no risk of 
rupture for UIAs in the anterior circulation [50]. However, the risk of bleeding 
was 2.5%/year for aneurysms located at the PCoA and the posterior cerebral 
circulation. Concerning patients with a history of aSAH, the risk of rupture for 
aneurysms smaller than 7 mm in the anterior cerebral circulation reached 1.5%/
year, whereas for the posterior circulation, it rose to 3.4%/year. Similarly, the 
Unruptured Cerebral Aneurysm Study (UCAS) performed in Japan proved that size 
influenced the risk of rupture, starting from 0.36% for microaneurysms (between 
3 and 4 mm), climbing at 4.37% for lesions between 10 to 24 mm to reaching as 
much as 33.4% for giant aneurysms (≥25 mm) [42]. Analogous results were also 
reported for the South Korean population [44]. Apparently, as an aneurysm swells, 
the risk of subsequent rupture rises [51]. However, according to Serrone et al., the 
single predictor of aneurysm enlargement was the initial size of the lesion, with 
the annual risk of growth being evaluated at a mean of 3.5%, though higher for 
larger aneurysms [52]. The morphology of the aneurysm was also incriminated 
in influencing the risk of rupture, especially the formation of a daughter sac, the 
shape of the sac, and regions possessing a thinned arterial wall [53]. Pertaining to 
UIAs selected for conservative treatment, Ramachandran stated that “None of the 
metrics—including aneurysm size, nonsphericity index, peak wall tension, and low 
shear stress area—differentiated the stable from unstable groups with statistical 
significance,” suggesting that there might not actually be such a thing as a “stable” 
intracranial aneurysm [54].

Aneurysmal rupture can also occur during stressful or strenuous activities such 
as sexual intercourse, labor, defecation, physical exertion, or sports [55]. However, 
these external factors may in fact conceal the climate impact, as numerous studies 
indicate a higher incidence of aneurysm rupture during the winter season, as well as 
during daytime [56–59]. Our experience of operated aneurysms also supports this 
statement, as illustrated in Figure 1.

In summary, the natural history of aneurysms is complicated and shrouded in 
uncertainty, except for one surety: UIAs do not spontaneously heal.
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4. Treatment strategies

The purpose of active treatment for UIAs is to permanently and safely occlude 
the aneurysmal lumen while preserving the normal cerebral vasculature. In order to 
achieve this, two types of approaches have been conceived: surgical (via craniotomy), 
which includes clipping and bypass procedures, or endovascular. As certain lesions 
cannot be safely and efficiently removed from arterial circulation either by clipping or 
by endovascular procedures, bypass surgery has been elaborated to remove the aneu-
rysm and its parent vessel, without sacrificing arterial supply to the involved tissues.

Currently, there are no controlled randomized studies that single out the supe-
rior form of treatment for UIAs. Optimal treatment should focus on the following 
aspects:

• Age and clinical features of the patient

• Anatomy, size, and location of the aneurysm

• Institutional and personal experience in a certain field

• Technical capabilities of the facility

Since the majority of studies in the reported literature are retrospective in 
nature, they may suffer from bias. As of yet, the best sources of information regard-
ing the outcome of UIA treatment originate from comparative studies between 
natural history and complication rates of certain therapies [60]. As our surgical 
experience exceeds that of endovascular procedures, as well as our standing con-
cerning its importance in the prevention of rupture, we will exclusively present the 
technical breakdown of aneurysm clipping, according to our practice.

5. Aneurysm clipping: technical breakdown

Although seemingly easy in theory, placing a clip at the neck of the aneurysm 
(i.e., its point of origin) represents a genuine surgical challenge because of the need 

Figure 1. 
Multiannual incidence of aneurysmal rupture, as hospitalized and surgically treated in our institution between 
January and December 2017.
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to preserve the anatomical and functional integrity of the normal vasculature, brain 
parenchyma, and cranial nerves. This not only implies a good proximal control of 
the arteries but also adequate exposure of the aneurysm and the vessels, beginning 
with the craniotomy. In the following paragraphs, we describe the key points of 
aneurysmal clipping.

5.1 Positioning

This is a crucial stage that can either facilitate or hinder the surgical intervention. 
The patient is placed in a dorsal decubitus. The patient’s head should be positioned 
so that the planned craniotomy is easy to perform, while ensuring that there is no 
substantial jugular compression (i.e., if the head is rotated excessively to one side) 
or that proper ventilation is not impeded (i.e., much too little distance between the 
tip of the mandible and the sternum). The head can be immobilized by a headholder, 
if this does not hamper venous drainage. We recommend shaving the head, or at 
the very least the area around the incision, to minimize the risk of infection. Using 
cutaneous antiseptics such as iodine solution or chlorhexidine, the skin must be thor-
oughly cleansed, with special attention toward the auricle and the external ear canal.

5.2 Surgical exposure

The skin incision should always be larger than the bone opening, considering the 
possible need to enlarge the craniotomy. A wide enough craniotomy must be performed 
for an ideal surgical exposure. Brain relaxation increases visibility and motility, while 
also diminishing the risk of damaging the brain and vessels. This is vital for certain 
aneurysms, especially of the skull base (internal carotid artery (ICA), anterior commu-
nicating artery (AcoA), basilar apex, etc.) or when attempting to clip mirror aneurysms 
during the same opening. There are a few methods to achieve brain relaxation, such as 
hyperventilation, cerebrospinal fluid (CSF) drainage (realized via lumbar drainage or 
ventriculostomy), intracisternal drainage (the most effective form of intraoperative 
brain relaxation in our experience, performed by opening the basal cisternae and the 
Sylvian valley), or with intravenous diuretics (mannitol or furosemide).

5.3 Craniotomy

The bone opening should be entirely adapted to the location, size, and morphol-
ogy of the aneurysm. It must be able to reveal the Circle of Willis and be spacious 
enough to allow the exploration of the main blood vessels. The most commonly 
used craniotomy for aneurysms of the anterior circulation and of the basilar apex 
is the frontolateral approach as described by Samii, the classical pterional opening 
being used in MCA aneurysms and for contralateral clipping in the case of multiple 
aneurysms. A burr hole is placed at the orbitofrontal angle (keyhole), being careful 
not to open the orbit or the frontal sinus (if it is large enough to reach this point). 
The craniotome can then be used to complete the flap. Additional burr holes may be 
needed. In the classical pterional approach, the sphenoid wing should be drilled as 
close as possible to the anterior cranial fossa. In the event of a tensioned dura, slight 
elevation of the head and opening the lumbar drainage will result in proper brain 
relaxation.

5.4 Dura mater incision

The dura can be opened in a cross-shape or a C shape. We favor the latter, leav-
ing the tip of the convexity upward and at least 2 cm above the sphenoid bone. By 
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suspending the dural flap, we ensure a wide enough opening. The rest of the dura is 
left in place to protect the brain.

5.5 Arachnoidal dissection

Although sometimes difficult due to extensive adhesions, this step is mandatory 
for exploring the optochiasmatic region. The opening in the Sylvian valley is made 
just above the ipsilateral optic nerve, the most constant landmark and the place 
where the arachnoid is the furthest from the cortex. Next, the opening is extended 
both laterally and medially using a thin aspirator and microsurgical scissors. 
Evacuation of the CSF will further relax the brain and offer a large operating field. 
Dissection resumes medially for ACoA aneurysms and laterally for PCoA aneu-
rysms, whereas it continues along the artery itself for internal carotid artery lesions. 
Once the valley has been opened, the bifurcation of the ICA is visible, and the neck 
of the aneurysm can be distinguished. The neck is then dissected and isolated from 
the surrounding normal vasculature. For middle cerebral artery aneurysms, the 
ICA should be dissected laterally, as well as the proximal portion of the MCA. This 
type of opening has some drawbacks, as it first brings the surgeon to the tip of the 
aneurysmal sac and the proximal control is lacking at this moment. But a delicate 
dissection proximal to the aneurysm will shortly offer the visibility over the M1 seg-
ment, where a temporary clip could be safely placed. The interoptic triangle allows 
access toward basilar apex aneurysms; however, accessing the neck of the aneurysm 
itself is much more challenging, especially since the first element that “greets” the 
surgeon in this approach is the aneurysmal fundus.

The parent vessel has to be exposed proximally to the aneurysm to ensure 
blood flow control in the case of intraoperative rupture. The main vessel should 
be adequately exposed before the neck of the aneurysm, which, in turn, should 
be dissected before the fundus. The perforators adjacent to the lesion must be 
separated from the neck before placing the permanent clip. If the aneurysm sac 
is too wide and complex to be clipped, prudent use of the bipolar coagulator can 
adjust its diameter. Immediately after the clip is placed, the permeability of sur-
rounding vessels and perforators must be demonstrated. If intraoperative rupture 
occurs, lowering arterial pressure, tamponing, temporary clipping of parent vessel, 
and aspirating the aneurysmal sac will favor neck definition and placement of 
definitive clip.

5.6 Clipping

Once the aneurysm has been successfully dissected from the surrounding ves-
sels, a permanent clip is placed at the aneurysmal neck. It has to be parallel to the 
parent artery in order to avoid stretching or occluding it. The length and shape of 
the clip should be adapted to the morphology of the aneurysm and must trap the 
neck entirely, without also trapping perforators or adjacent structures. Sometimes, 
it is necessary to reduce the volume of the aneurysm by applying a temporary clip 
proximal to the aneurysm. Timing in this step is crucial, as more than 10 min of 
temporary occlusion of a major vessel such as the MCA or ICA can lead to severe 
consequences. Once the aneurysm has shrunk enough, the permanent clip can be 
carefully applied (Figure 2).

5.7 Intraoperative aneurysmal rupture (IAR)

This is a dreadful but preventable incident, more hazardous if it occurs early, 
such as during induction of anesthesia or while opening of the dura. Arguably 
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the most challenging of IARs may be those of basilar apex aneurysms. The aims 
in this scenario are hemostasis, avoiding further aneurysmal damage, preventing 
accidental injury to main vessels and perforators, and, finally, clipping the aneu-
rysm. Certain steps should be followed to avoid IAR: careful positioning of the 
head to minimize brain traction; vigilant induction of anesthesia and ensuring that 
hypertension bouts do not occur; a sufficiently wide craniotomy that guarantees 
appropriate access, as well as adequate brain relaxation (using diuretics or a pre-
operative lumbar drainage); and last but not least, sharp instruments are safer for 
dissection than blunt instruments. Ensuring proximal control before aneurysmal 
neck dissection can diminish the risk of IAR. Also, using the anatomical paths 
through the arachnoidal planes will also lower the chance of IAR. In our practice, 
we apply temporary clips if we anticipate a difficult dissection, for example, giant 
aneurysms, polylobulated aneurysms, or those that have recently bled. Even so, 
the occlusion via temporary clip should not exceed a cumulative 20–25 min with 
repeated placements. However, temporary clips are the most useful in IAR if placed 
as early as possible.

5.8 Closure

Without exception, this is performed after thorough hemostasis. For this, we 
employ hemostatic materials (Surgicel® or Gelfoam®) and the judicious use of 
the bipolar coagulator. Patience is essential, as rushing this step can compromise 
the entire operation. In nearly all our surgeries, we use autologous periosteum to 
perform dural plasty. In our opinion, near-watertight closure of the dura with a 
5/0 thread (either with continuous or separate sutures) is sufficient. The bone is 
inserted back into place and fixed either with titanium mesh and screws or sutures 
with thick threads passing through small burr holes. Placing an external drainage 
under the aponeurosis for a period of 24 h is mandatory. The skin closure is per-
formed either continuously or with separate sutures or staples.

5.9 Postoperative control

We usually perform a CTA after closure, with the patient still sedated and intu-
bated. It is much safer to make sure that the vessels are angiographically permeable, 
or to correct any abnormality under the same anesthesia, than to wait for the patient 
to awake and develop ischemic complications. We have also used intraoperative 

Figure 2. 
Representation of an unruptured aneurysm before (A) and after clipping (B) (drawings provided by the first 
author of this chapter).
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fluorescence angiography to not only verify the occlusion of the aneurysmal sack 
but also the patency of the surrounding normal vessels.

6. Hemodynamic consequences of aneurysm clipping

The hemodynamic characteristics of intracranial aneurysms are thought to play 
a pivotal role in their development, evolution, and eventual rupture, interfering 
and modifying the local biology of the vascular wall [61–63]. The theory suggests 
that the wall is exposed to a higher degree of sheer stress than it can physiologically 
withstand. This leads to a local weakening and abnormal remodeling, which in time 
will form an aneurysm. Its growth can be a result of local proliferation of mural 
cells, a distention of the cellular and intercellular structures, or possibly a mixture 
of the two. A meticulous in vitro study affirmed that growth cannot be entirely the 
result of simple fluid physics [64], a non-Newtonian model being more precise in 
ascertaining the altered hemodynamics in intracranial aneurysms [65]. However, as 
it is impossible to perform direct measurements on hemodynamic stress in patients 
or living experimental models, methods implying computational fluid dynamics are 
used to estimate these phenomena [65–67].

Aneurysmal rupture results from the mechanical weakening of the arterial 
wall that is subsequently unable to contain the force of the flowing blood [68]. 
The wall sheer stress is defined as the tangential frictional force that the blood 
exerts upon the endothelium, being the highest at the neck and the apex of the 
aneurysm [65]. The innerworkings of endovascular procedures are closely linked 
to these hemodynamic conditions, as the presence of a coil determines alterations 
in wall shear stress and blood flow that conclude with the intraluminal thrombosis 
of the aneurysm [69]. In MIA, wall sheer stress is apparently increased in UIAs 
distal to a ruptured aneurysm after treatment, whether surgical or endovascular, 
leading to a theoretical rise in the risk of rupture [66]. Moreover, also in MIA, 
ruptured aneurysms may possess a more irregular shape, larger size, and dome-
to-neck ratio, as well as a lower minimum wall shear stress than with their unrup-
tured counterparts [70].

After clipping, a series of local and distal changes in hemodynamics may occur. 
Nevertheless, these are not as intensely analyzed as for untreated aneurysms. 
Successful surgical obliteration of the aneurysm results in the complete cessation 
of blood flow inside the lumen. However, it is not clear what impact the presence of 
the aneurysmal clip itself has on the wall shear stress or its effects on the vascular 
wall. A residual neck (i.e., a portion of the neck that was not occluded by the blades 
of the clip) may in time lead to aneurysmal regrowth, depending on the size of 
the remnant as well as its location [71]. Apparently, a distal remnant is at a higher 
risk for aneurysmal regrowth than a proximal residue. Therefore, it is crucial to 
ensure an adequate placement of the clip during surgery and to adjust its position 
if required. The alterations in dynamic flow can also be observed systemically after 
clipping or coiling, especially in the period after vasospasm caused by aneurysmal 
rupture [72]. In the study conducted by Inoue et al., patients treated by coiling pre-
sented a significantly lower cardiac index, as well as a significantly higher systemic 
vascular resistance index than the group managed via clipping, although this might 
have been the result of systemic therapy for managing vasospasm and aggressive 
volume loading rather than of the procedure itself, especially as the patients in the 
coiling group arrived in a worse neurological state than those of the clipping group. 
Needless to say, more studies are required to discern the actual impact that clipping 
has on the cerebral vasculature, especially concerning aneurysmal regrowth, reoc-
currence, and rerupture.
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7. Clipping of solitary unruptured aneurysms

The cerebrovascular diseases causing such controversy in regard to treatment 
are few in number [73]. The reasoning behind this continuous debate is that the 
prophylactic management of UIAs must be justified by a suitable procedure-
related outcome when compared to the anticipated natural history [74]. Despite 
clipping once being the management centerpiece, the swift refinement of 
endovascular procedures and innovation of flow diversion devices have steadily 
replaced surgery as the first line of therapy for UIAs. However, certain countries 
still favor clipping due to its longevity, effectiveness, and the lower risk of recana-
lization than endovascular techniques, as well as lower procedure-related costs 
[75–77]. Consequently, whereas older patients who are unsuitable for surgery may 
benefit the most from endovascular procedures, clipping is considered preferable 
for younger patients with lower-grade aneurysms and that may be able to tolerate 
this intervention [76, 78]. The unruptured intracranial aneurysm treatment score 
(UIATS) provides a fast and easy method of triaging between the two treatment 
options; however, it has not yet been prospectively tested on patients harboring 
UIAs [79].

Studies such as ISAT, ISUIA, and UCAS are among the most cited concerning 
aneurysm treatment and natural history. The first of these revealed superior 1-year 
clinical outcomes for ruptured aneurysms by coiling in comparison to clipping, yet 
these results cannot be accurately extrapolated to clipping of UIAs [80]. The condi-
tions in the unruptured setting are more advantageous, as the purpose of therapy is 
to ensure lifelong protection against aneurysm rupture, whereas the treatment of 
ruptured lesions is to allow survival of the patient during the acute phase of SAH 
without rebleeding or postoperative morbidity. Likewise, MCA aneurysms, which are 
generally considered more easily approached by surgery, were grossly underrepre-
sented in this study. Several authors obtained much higher rates of complete oblitera-
tion via clipping than through endovascular procedures for aneurysms in this location 
[77, 81, 82]. This is more likely a consequence of the particular configurations of MCA 
aneurysms, rendering it more difficult to completely occlude the neck via endovas-
cular procedures (wide-necked, possessing a small dome-to-neck ratio, the neck 
encompassing one of the arterial branches, etc.) [77]. Moreover, these aneurysms are 
generally adjacent to or surrounded by small perforators that may prohibit the use of 
stents. This technique also has the fundamental drawback of postprocedural throm-
boembolic events that may ensue at a higher frequency [83, 84]. In the largest mul-
ticenter study of very small UIAs treated via surgery, Bruneau et al. showed that the 
lesions found distal to the M1 segment were the safest to treat [85]. Despite additional 
enquires being required to reach a definitive conclusion, it is still worth regarding 
surgical clipping as the principal treatment modality for UIAs of the MCA.

Aneurysms of the anterior communicating artery are the most frequently 
reported in a large number of studies, possessing a higher risk of rupture than 
other locations while also being amenable to both endovascular and microsurgical 
techniques [36, 74, 86–89]. The term may actually be overly broad, also including 
aneurysms of the A1 and A2 junctions of the anterior cerebral artery or belong-
ing entirely to these two segments, but being indistinguishable from true ACoA 
aneurysms on angiographic studies [88]. This location represents a genuine chal-
lenge for either approach. On the one hand, microvascular clipping is made difficult 
by depth, presence of perforators, and placement along the midline, implying 
increased cerebral traction in the absence of adequate relaxation [87, 89]. On the 
other hand, certain intrinsically unfavorable characteristics of aneurysms found 
in this location, such as a small dome, wide neck, multiple adjacent perforators, 
acute vessel angles, complex morphology, or posterior projection, can hinder 
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endovascular procedures as well [74, 90]. In their systematic analysis, O’Neill et al. 
discovered that coiling delivers the most favorable clinical results, while stent-
assisted coiling produced the highest incidence of treatment-related morbidity, 
without improving the rates of angiographically detectable recurrences or retreat-
ment [74]. However, microsurgical clipping offered the most definitive aneurysm 
repair of the three methods and significantly lower rates of recurrence or reinter-
vention. The best course of action for UIAs of this location remains to be decided.

UIAs of the internal carotid artery, including its smaller branches such as the 
anterior choroidal artery, ophthalmic artery, hypophyseal artery, and artery PCoA, 
are also fairly common, some sources citing them as the second most frequent after 
aneurysms of the ACoA [36, 91, 92]. Because the parent artery is located in proximity 
to the skull base, the surgical access of these aneurysms is often difficult. In order to 
address this issue, and many others, the first flow diverter device sanctioned for use 
was in 2011, being designated for wide-necked intracranial aneurysms of the ICA in 
adults [37]. Fortunately, small aneurysms of the cavernous segment generally present 
a low risk of rupture [73]. Therefore, taking into consideration the hemorrhage rates 
described by ISUIA for aneurysms of this location, it is generally not advisable to treat 
asymptomatic lesions smaller than 5 mm in any way [39, 73]. Aneurysms larger than 
7 mm or those that are symptomatic can be safely treated by either method with satis-
factory postoperative results. Once again, endovascular procedures are less invasive, 
but microsurgical clipping yields a higher rate of complete occlusion [93]. Despite 
this, due to the hemodynamic charge of the ICA, it is possible that pulsations, differ-
ences in wall thickness, and tension may cause clip rotation [94]. Additionally, after 
retractors are removed, the ensuing brain shift may determine additional kinking and 
subsequent stenosis of the anterior choroidal artery. ICA bifurcation aneurysms are 
generally scarce and, as a result, underrepresented in large prospective observational 
studies, leading to an enigmatic natural history [93]. For aneurysms of the paraclinoid 
ICA or of the ophthalmic artery, it is advisable to remove the anterior clinoid process 
to ensure better access and proximal control. This also alleviates the risk of causing 
postoperative visual disturbances, which represent a common complication of ICA 
aneurysm management, especially for this segment [95]. Using a bone microrongeur 
or an ultrasonic aspirator to perform piecemeal removal of the anterior clinoid instead 
of a high-speed drill leads to fewer such complications [95, 96]. Small UIAs of the 
paraclinoid ICA that are medially pointing can also be safely approached from the 
contralateral side, thus diminishing the need of mobilizing the optic nerves as well as 
of performing anterior clinoidectomy [97]. As a remark, appropriate selection of ther-
apeutic method for unruptured aneurysms of the ICA and its branches should factor 
in the individualities of the lesions themselves. Ideally, a hybrid unit would allow 
either approach and the possibility of converting an endovascular procedure into an 
open surgical intervention in the case of intraprocedural complications (Figure 3).

Aneurysms of the posterior circulation, including the basilar artery apex or the 
posteroinferior cerebellar artery (PICA), have a much higher propensity to rupture 
[36, 73, 98]. Therefore, a conservative approach would be inadvisable for UIAs of 
this location. However, there is little data comparing the endovascular and surgi-
cal treatment of posterior circulation UIAs. After ISAT and the ensuing paradigm 
shift, there has been a scarcity of microsurgical reports on basilar apex aneurysms. 
Tjahjadi et al. reported a significantly higher rate of good and fair outcome (71 
and 16%, respectively) after surgery of UIAs of the basilar apex than after clip-
ping of ruptured lesions of the same site (49 and 19%, respectively) [99]. Nanda 
et al. also reported good outcomes following microsurgical clipping (71.9%) and 
asserted that a non-dominant PCoA (especially if hypoplastic) can be safely divided 
in the perforator-free area as to allow additional retraction of the ICA [100]. 
ISUIA revealed similar clinical outcomes for the patients recruited; however, the 
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endovascular procedures only achieved complete occlusion in approximately half 
of the cases treated [50, 101]. In contrast, aneurysms of the PICA (and to a certain 
extent the vertebral artery—VA) are still primarily treated via clipping due to their 
wide necks, generally multilobulated and nonsacular characteristic, thrombosed 
lumens, emerging arteries, or distal locations that render coiling substandard [102]. 
The lower cranial nerves encountered in the surgical field can easily and securely be 
avoided, especially via the transcondylar approach [103]. Moreover, cases in which 
microsurgery should be more fervidly supported number those with unfavorable 
endovascular access, very small aneurysm domes, or contraindications for stent 
usage (intolerance to dual antiplatelet therapy, nickel allergy, etc.) [85, 101].

The previously mentioned UCAS and ISUIA are regarded as the most prudently 
devised large studies vis-à-vis the natural history of UIA, with numerous guidelines 
having been published in their wake in order to improve management decision-
making [78]. However, imaging control was not compulsory in ISUIA; therefore, it 
could not tackle the possibility of aneurysms eventually changing their morphology 
or size. Moreover, there is the question of the UCAS not being relevant for popula-
tions outside Japan. There are still centers that recommend treatment for all small 
aneurysms possessing risk of developing SAH, the presence of a daughter sack or 
multiple aneurysms [78, 104]. After the ISAT was published, endovascular tech-
niques gained a boost in popularity in the USA for both ruptured and unruptured 
aneurysms, overtaking surgical treatment in number of procedures performed 
[105]. Previous analyses show that coiling was associated with fewer complica-
tions, lower mortality, faster hospital discharge, and significantly lower costs than 
clipping [105, 106]. However, in centers outside the USA, where hospitalization, 
procedure, and nursing costs are lower, the differences concerning patient expenses 
are smaller. In South Korea, it seems that coiling is more expensive than clipping for 
UIAs, and this may also be available for developing countries [106]. The principal 
reason for this is the cost of endovascular implantable devices themselves (stents, 
coils and flow diverters, etc.), constituting more than 50% of procedure-related 
costs [107, 108]. Even so, a previous meta-analysis concluded that coiling generated 
a higher independent outcome and lower mortality rate, being the more cost-
effective method of the two [108].

Figure 3. 
Illustrative case 1. (A) Preoperative CTA of a 21-year-old male with an incidentally discovered aneurysm of 
the right internal carotid artery (paraclinoidal segment). Video 1 is available at: https://bit.ly/2Z8W6rm. 
We used a right frontolateral craniotomy and approached the aneurysm via the Sylvian fissure. We drilled the 
anterior clinoid process, but the aneurysm ruptured during initial attempt at clipping. Because of its sheer size, 
we used three fenestrated clips to occlude the aneurysmal sac. The patient was discharged with no neurological 
deficit. (B) MRI scan, TOF sequence, at 1-year follow-up, showing the presence of the clip and no intraluminal 
flow.
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In aspects to randomized studies comparing endovascular therapy to surgery, 
the literature is extremely limited. The Collaborative Unruptured Endovascular 
Versus surgery (CURES) trial, which randomized 104 patients harboring unrup-
tured between 3 and 25 millimeters to either coiling (n = 56) or clipping (n = 48), 
showed that there were no significant differences regarding in aneurysm occlusion 
rate, mortality, and morbidity after 1 year [80, 109]. Nevertheless, there were more 
patients with perioperative neurological deficit after clipping and with hospitaliza-
tions beyond 5 days. Mortality and morbidity rates for CURES were lower than 
reported in the ISUIA regarding both clipping and coiling [109]. Another pro-
spective study, the trial on endovascular management of unruptured intracranial 
aneurysms (TEAM), which compared coiling to observational management, was 
halted less than 3 years after initiation as a result of poor recruitment [110].

Another controversial subject is the management of aneurysm remnant or reper-
meabilization after clipping or coiling. It has been repeatedly demonstrated that 
microsurgery leads to fewer such instances [75–82]. Although the issue of hemor-
rhage after initial treatment and its consequences have been extensively covered for 
ruptured aneurysms, there is currently no such data for UIAs [39]. Patients should 
therefore be regularly monitored (we recommend yearly CTA investigations), 
regardless of the form of treatment and any increase in size or change in morphol-
ogy be contended judiciously.

Currently, the ideal strategy for solitary unruptured aneurysms is elusive. 
Although of great consequence, an issue seldom considered in these studies is the 
experience and proficiency of the neurosurgeon [73]. This is expressly observed in 
high-volume centers with a large number of operated cases, where outcomes are 
unquestionably much more favorable. Regardless, surgical prophylaxis of rupture 
via clipping remains a safe, effective, and possibly curative option. It remains 
to be seen whether the trends will continue to favor endovascular procedures 
or if an unexpected shift in balance might rejuvenate the popularity of surgical 
intervention.

8. Clipping of multiple aneurysms

In the Western population, it is estimated that 10–13% of patients with IAs 
possess MIAs, and it is sometimes difficult to find the source of SAH, but even more 
so to treat each lesion [70, 111–114]. A number of cases have been correlated with 
either congenital or chronic disorders such as Gaucher’s disease, Fahr’s disease, 
or Behcet’s disease, although whether there is an etiologic correlation or merely 
a diagnostic coincidence is unknown [115–118]. Mirror aneurysms denote a rare 
condition in which the multiple aneurysms are placed symmetrically in the cerebral 
hemispheres. The most common sites are the non-cavernous segments of the ICAs 
[119, 120]. Mirror aneurysms also display a decreased propensity to rupture and 
improved outcomes than non-mirror aneurysms. Certain risk factors such as female 
gender (which also strongly influences the number of IAs), advanced age, smoking, 
uncontrolled hypertension, and increased body mass have been linked to a height-
ened chance of developing MIA [121, 122]. However, due to contradictory and 
inconclusive results, it is currently unknown whether the presence of MIAs implies 
a greater risk of rupture than that of single IAs [122]. Aneurysm morphology and 
size are thought to play the most important roles in the risk of rupture [91, 70]. 
Apparently, endovascular procedures lead to fewer neurologic complications than 
surgical clipping; however clipping yields higher occlusion rates, fewer total com-
plications, and angiographic recurrence [69]. In theory, hemodynamic alterations 
occurring in an untreated distal UIA after the treatment of a proximal IA might 
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increase the risk of bleeding, underlying the necessity of treating all aneurysms 
simultaneously and by any means [66]. It is sometimes feasible to treat all aneu-
rysms at the same time during the same sitting and using the same craniotomy, thus 
lowering hospital stay, surgical exposure, and risk of complications [119, 123–125].

We support the classical pterional approach for tackling multiple aneurysms 
of the anterior circulation in the same opening. It offers a wide enough opening to 
approach even the aneurysms of the M1 segment on the opposite side. This is mostly 
useful for selected patients with simple contralateral UIA with narrow necks and 
which project inferiorly or anteriorly [119, 123]. The craniotomy should be per-
formed on the side of the most complex aneurysm, or the one which has ruptured. 
On one hand, this methodology provides the highest visibility of the aneurysm and 
shortest distance to the dome and hematoma in case of bleeding. On the other hand, 
because of the hemodynamic changes that might occur during the clipping of the 
other IAs, it is easier to control bleeding on this side.

Clipping the contralateral aneurysms first may prevent a complicated and hard 
to manage bleeding on this side. After that, clipping the aneurysms more proximal 
to the surgeon can be performed. There are, however, some drawbacks to this 
technique [123, 126]. Firstly, it implies a heightened brain retraction compared to 
that of the same-side craniotomy, yet this can be managed by adequate brain relax-
ation. The maneuverability is lower, and the vision is reduced on the opposite side. 
However, a larger craniotomy, wider arachnoid dissection, and brain relaxation can 
aid in this situation. Contralateral MCA bifurcation and PCoA aneurysms are more 
difficult to find and clip, requiring maneuvering around thin perforators and fragile 
veins. Hemostasis is not as easy on the distal side in the case of rupture, which is 
why these IAs should be clipped first. Lastly, this technique requires an experienced 
vascular neurosurgical team; however, surgical simulation with 3D reconstruc-
tions may alleviate results [127]. However, this surgery should only be performed 
in selected cases, as the risks associated with a single challenging surgery do not 
compensate for the expenses of two easier interventions (Figure 4).

From our operative experience, we contraindicate performing two surgeries on 
two separate days, as the risk of rupture of the remaining untreated UIAs during 
this interval is not negligible. If a single opening is not indicated, we recommend 
approaching the more complex aneurysms first through one craniotomy, and after-
ward, during the same anesthesia, performing another craniotomy and clipping 
the residual UIAs. However, there is no consensus regarding this treatment method 
[119, 120, 126]. Alternatively, a combined surgical-endovascular approach can be 
performed, with surgery reserved for the ruptured and more difficult aneurysms 
[128, 129]. To summarize, deciding the management of multiple aneurysms should 
take into account the individual characteristics of the patient and of each the 
aneurysms, as well as the experience of the neurosurgical team involved.

9. Aneurysm clipping in elderly

At present, there are no corroborated management guidelines for UIAs in elderly 
patients, yet the retrospective reports reveal excellent results for both treatment 
strategies [130–132]. It has been shown that elderly patients with UIAs are less likely to 
die following aneurysmal rupture SAH than younger and/or female patients [37, 40, 
78, 133, 134]. Therefore, a conservative approach may also be considered especially for 
small UIAs. Even so, the advanced age in itself supposedly increases the risk of peri-
procedural complications. Surgical interventions are correlated with larger amounts of 
blood loss, higher treatment-related costs, and longer hospitalizations than endovas-
cular techniques, though provide a complete and maintainable aneurysmal occlusion 
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[130, 135, 136]. Despite the differences in regard to mortality being relatively small, 
they are nonetheless significant and favor endovascular coiling as the safest of the 
two [136]. Aside from preventing rupture, interventional therapy has demonstrated 
cognitive improvement without causing further intellectual deficits, in addition to a 
decrease in anxiety levels [137, 138]. Older patients harboring MIAs without a history 
of SAH can be managed conservatively, whereas those at risk or with a previous SAH 
should be treated in a one- or two-staged intervention [119]. Moreover, coiling might 
prove more appropriate for those with serious comorbidities and in an altered clini-
cal state, while clipping is more suitable in the presence of intracranial vasospasm or 
hematomas [69]. The same as for younger patients with MIAs, the ruptured lesion 
should always be managed first and foremost, yet for unruptured MIAs treatment 
may only be indicated if the risk related to observation outweighs those of therapy.

10. Neurological and clinical outcome after clipping

There are conflicting reports regarding the postprocedural outcomes for these 
interventions. Short-term outcomes generally favor endovascular procedures, 
with a higher incidence of postinterventional adverse events after surgery [74, 
139]. According to Kim et al., there is no significant difference regarding all-cause 
mortality at 7 years after the elective treatment of UIAs via either clipping or coiling 
[140]. The meta-analysis performed by Ruan et al. showed similar outcomes for 
the two procedures [141]. On the other hand, in their meta-analysis, Falk Delgado 
et al. reported a higher independent outcome and lower mortality after coiling of 
UIAs [108]. The outcomes may be improved with the intraoperative use of electro-
physiological monitoring, fluorescence angiography, or Doppler ultrasonography 
[142]. Surgical clipping of UIAs does not negatively impact quality of life nor does 
it affect cognitive functions in such a way that patients are unable to work or drive 
at 6 weeks or 1 year after the intervention [143, 144]. The risk of poor outcome for 
patients below the age of 65 stands at around 2–4% and rises with aneurysm size, 
which when compared to the 0.3–0.9% risk of annual rupture might outclass the 
natural history in a few years after treatment [89, 103, 145]. Nonetheless, mortal-
ity is extremely low, if not inexistent in these series. Therefore, a more aggressive 
treatment may be acceptable for UIAs in younger patients. Although some series 

Figure 4. 
Illustrative case 2. (A) CTA 3D reconstruction of a 55-year-old male with multiple cerebral aneurysms—
two on the right middle cerebral artery and one the left middle cerebral artery bifurcation. He presented 
to emergency department with right-sided weakness with gradual onset 3 days prior to surgery. Video 2 
is available at: https://bit.ly/2Z8W6rm. He underwent microsurgical clipping via a right frontolateral 
craniotomy. All the clips were placed in the same procedure. (B) Postoperative CTA 3D reconstruction showing 
proper clip placement. He was discharged without any additional deficit.
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have demonstrated clipping of UIAs is effective and has no mortality even in elderly 
[131], the risk of a poorer outcome increases in this age group, with higher instances 
of disability and death than endovascular procedures specifically in the presence of 
comorbidities [132, 136]. Retreatment of intracranial aneurysms is also associated 
with a higher mortality rate [146]. However, in our experience, clipping of solitary 
UIAs yields excellent results, with no mortality and a high degree of functional 
independence, as will be shown in a later subchapter.

11. Complications of surgical clipping

Since clipping is a surgical intervention, there are chances of developing com-
plications related to the procedure, medical and infectious complications as well as 
those attributable to anesthesia. The following paragraphs will focus on the compli-
cations of clipping itself. These can be divided according to timing of onset after the 
intervention into immediate and delayed complications.

IAR is one of the most frequent and most dreaded periprocedural complica-
tions [147]. This is especially the case for inexperienced (and oftentimes reckless) 
surgeons; however, preoperative GCS has also been shown to play a role in predict-
ing this event [148]. It occurs especially around the time of neck dissection and clip 
placement or adjustment and is capable of hampering the microsurgical procedure, 
sometimes being life-threatening [149]. Nevertheless, it is significantly less frequent 
for UIAs than for the ruptured lesions [147]. A steady technique, proper discovery 
of the parent artery, temporary clipping proximal to the aneurysm, and aspiration 
can regain control of the situation and ensure proper clip placement.

Ischemic complications may also arise from improper clip placement or due 
to thromboembolism from the aneurysm. The type and severity of neurological 
consequences depend mostly on the location of the aneurysm [150–153]. The most 
frequent type of postoperative events and possibly even underestimated, ischemia 
leads to poorer outcomes at discharge and often entails a reintervention [153, 154]. 
After clipping of UIAs, transcranial Doppler studies show a decrease in transient 
reduction in cerebrovascular reactivity on the side of the aneurysm, leading to a 
proneness toward cerebral ischemia [155]. Endovascular procedures apparently 
bear a higher risk for thromboembolic events and ischemia [156], yet a recent 
meta-analysis showed that there was no statistical difference between coiling and 
clipping in respect to this event [141]. Incidence of perforator territory ischemia is 
higher for aneurysms of the A1 segment, whereas olfactory disturbances are more 
common for lesions of the ACoA [157]. Silent ischemic lesions are fairly frequent 
(up to 10% of procedures) and mostly irreversible, though rarely disabling [153, 
157]. It has been argued that induced hypertension may reduce the effects of 
delayed cerebral ischemia [158]. Regardless, there is still no conclusive data to 
sustain the benefits of induced hypertension, whereas serious adverse events are 
sometimes unavoidable.

Another undesirable complication is the occlusion of the surrounding arteries, 
especially deep and subtle perforators. Again, dissection, proper magnification and 
illumination of the surgical field, and adequate brain relaxation can improve the 
visibility of the aneurysmal neck and surrounding structures. It is also important to 
utilize clips adjusted to aneurysm size and morphology. Electrophysiological moni-
toring, micro-Doppler ultrasonography, or intraoperative angiography can rapidly 
detect an arterial occlusion and facilitate repositioning of the clip [152, 159].

Clip slippage can happen when advanced atherosclerosis thickens the aneurysmal 
wall, making it impossible for the clip to close properly [151, 160]. Clip rotation and kink-
ing of the parent vessel can also be the result of uneven arterial walls due to atheromatous 
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degeneration [94]. Using a double-clip technique can often prevent this from occurring, 
yet certain aneurysms may require more complex techniques [151, 125, 160].

Aneurysmal residue or incomplete occlusion signifies an aneurysm sac or neck 
that is still permeable and has a significant chance of rupture [37, 80, 86, 161, 162]. 
Aneurysmal rest (or dog ear) occurs when a small triangular portion of the neck is 
not occluded by the aneurysmal blades. In time, and under certain hemodynamic 
conditions, this residual neck can lead to aneurysm regrowth, and eventual rupture, 
requiring further imaging studies and possibly another intervention [104]. In the 
microsurgical series described by Nanda, the majority of recurrences were found 
at the ACoA, followed by ICA, VA, and PICA [163]. Adequate neck dissection and 
using suitable clips may avoid this complication [164]. Also using intraoperative 
angiographic procedures can confirm proper clip placement.

Clipping UIAs of the ophthalmic artery can lead to visual disturbances [162]. 
Apparently, if visual deficit was present before treatment, clipping may offer a 
higher degree of improvement than coiling [162, 165]. From our own experience, 
we can add that the clipping of aneurysms of the paraclinoid segment of the ICA or 
the superior hypophyseal artery may in some cases result in acute pituitary defi-
ciency. Some of these patients will require lifelong hormone substitution therapy.

Cerebral vasospasm is predominantly a complication of ruptured aneurysms, 
but it has rarely been described as occurring after clipping of UIA [166]. The exact 
etiological mechanism is unknown, although it might be multifactorial, especially 
after aggressive manipulation of the vessels.

Cognitive dysfunction after UIA therapy may occur, regardless of treatment 
method [137]. Nevertheless, the exact effect clipping has on cognitive functions 
remains uncertain.

Some patients with surgically treated UIAs may develop a chronic subdural hema-
toma in time, being at a higher risk for this than patients with ruptured lesions [167]. 
Risk factors include brain atrophy, male sex, chronic antiplatelet use, and advanced age.

As long as the risk of complications remains, the incentive of perfecting 
microsurgical techniques will persist. The purpose of gaining surgical experience 
is to ensure a long-term survival of the patient with the best possible neurological 
outcome, while also striving to lower or eliminate the chance of adverse events.

12. Our experience

During many years of practice, we learned that trying to make an asymptom-
atic patient feel better is ridiculously challenging. As for the patients themselves, 
the notion of living with an “undetonated bomb” might be daunting. As we have 
already shown, the issue of UIAs in a patient harboring multiple aneurysms out of 
which one has bled is equally controversial in the contemporary scientific literature.

We reviewed the experience of a single neurosurgeon (Professor Ioan Ștefan 
Florian MD, PhD—Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-
Napoca, Romania) in microsurgical clipping over 21 years (1997–2017). This 
amounted to a consecutive series of 872 patients with intracranial aneurysms (1004 
separate lesions in total), both ruptured and unruptured.

From this patient pool, 89 (10.2%) presented with solitary UIA, the ages at the 
two extremes being 11 and 86 years, respectively. Among these, 46 (51.69%) were 
admitted with Hunt and Hess grade 0, while the remaining 43 (48.31%) were admit-
ted with grade 1a. Regarding clinical outcome, our most important conclusion was 
that we encountered no mortality in this particular group. Eighty-seven patients 
(97.8%) were discharged with a Glasgow Outcome Score (GOS) of 5 (Figure 5).
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Figure 5. 
Outcome of patients with solitary unruptured aneurysms at time of discharge—author’s case series (0, Hunt 
and Hess grade 0; 1a, Hunt and Hess grade 1a; GOS, Glasgow Outcome Score).

Figure 6. 
Location of lesions in the multiple cerebral aneurysms group. MCA, middle cerebral artery; ICA, internal 
carotid artery; ACoA, anterior communicating artery; PCoA, posterior communicating artery; ACA, anterior 
cerebral artery; BA, basilar artery; Opht, ophthalmic artery.

Figure 7. 
Number of lesions per patient with multiple intracranial aneurysms. The majority of patients with two 
aneurysms had both lesions on the same side, whereas for three or more lesions, these were bilateral. The highest 
number of aneurysms in a single patient was six.
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In our series, we identified 101 patients (11.58%) with multiple aneurysms, 
harboring a total of 257 lesions. The most common location was the middle cere-
bral artery, followed by the internal carotid and anterior communicating artery 
(Figure 6). Initially, our approach in treating them was to clip the ruptured aneu-
rysms or the ones with the higher risk, leaving the others for a later procedure. 
However, after we lost two patients with MIA on the night before the second planned 
intervention due to the rupture of the single unclipped lesion, we overhauled our 
methodology. The current goal in all cases is single-stage surgery (unilateral fronto-
pterional approach) with all aneurysms clipped during the same procedure. If this is 
unfeasible, we perform a second craniotomy during the same anesthesia, as we believe 
the process of patient waking elevates the risk of rupture of any unclipped UIA.

Most patients presented with two aneurysms (57.6%). The highest number of 
aneurysms was six (one patient, female). The male-to-female ratio was 1:3, with the 
higher number of aneurysms leading to an increase of female predominance. Our 
series too suggests that MIA is primarily a pathology of the female gender (Figure 7).

We analyzed the complication rate, mortality, and state at discharge between 
groups with unilateral and bilateral aneurysms of the anterior circulation. There 
were no statistically significant differences between the two groups regarding 
the rate of complications or the outcome (P > 0.05, Table 1). When we compared 
patients with mirror middle cerebral aneurysms to the rest of the lot, no statistically 
significant difference could be observed either (P > 0.05). 60.39% of patients (61) 
were discharged with a favorable neurological outcome (GOS of 4 or 5).

Our data demonstrates that, with an appropriate selection of cases, surgery 
yields definitive and favorable results in solitary UIAs if handled by an experienced 
team. “Single-stage, single-opening surgery” is a viable option for treating the 
unruptured lesions in the context of multiple intracranial aneurysms.

13. Final remarks and future directions

Clipping of UIAs remains a valuable treatment option in preventing rupture 
and subsequent hemorrhagic stroke. In the hands of experienced vascular neuro-
surgeons, it is still a secure and long-lasting procedure, despite the relative ease and 
comparable safety and durability of endovascular procedures. Since aneurysmal 
rupture cannot be accurately predicted, clipping stands as a virtually curative 
procedure. Nevertheless, being an invasive procedure, it still harbors inherent 
risks. While our experience shows that clipping of solitary UIAs is not associated 
with mortality and only minimal morbidity, clipping of MIAs can pose a challenge. 

Parameter Statistical test Odds ratio Confidence interval 95% P

Hunt and Hess scale Mann-Whitney U — — 0.588

Associated complications Chi square 1.35 0.25–7.75 0.73

Age t — — 0.25

Preoperative days t — — 0.37

Glasgow Outcome Scale Chi square 1.5 0.9–11.53 0.69

Complications Chi square 2.6 0.53–13.11 0.22

Mortality Chi square 0.4 0.03–5.24 0.47

Table 1. 
Comparison between the two groups on admission (Hunt and Hess scale, associated complications, and age) 
and on discharge (preoperative days, Glasgow Outcome Scale, complications, and mortality).
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