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Abstract Computed tomographic angiography (CTA) has recently gained popularity as an initial
imaging test for spontaneous subarachnoid hemorrhage (SAH). This study evaluated 59
patients presenting aneurysmal SAH who underwent microsurgical clipping based on CTA

Keywords findings alone and digital subtraction angiography (DSA) at postoperative follow-up. Multiple

= computed aneurysms were identified by CTA in 27% of patients and in 10% of patients, DSA identified
tomographic aneurysms in addition to those diagnosed with CTA. The time between CTA and surgical
angiography treatment ranged from 0-4 days. Postoperative DSA revealed that 24% of patients had

= digital subtraction residual neck. The use of CTA alone may not be enough to detect small unruptured aneurysms
angiography in patients with multiple lesions or aneurysm remnants adjacent to an aneurysm clip.

= intracranial aneurysm However, the advantages of CTA compared with DSA include its rapidity, reduced invasive-

= subarachnoid ness, and lower cost, which allow us to proceed to ruptured aneurysm repair entirely on the
hemorrhage basis of good-quality CTA studies.

Resumo Angiotomografia computadorizada (ATC) ganhou popularidade como exame de imagem

inicial na hemorragia subaracnoide (HSA). Este estudo retrospectivo, descritivo e observa-
cional, avaliou 59 pacientes com HSA aneurismética. Todos foram submetidos a clipagem

Palavras-chaves microcirdrgica apenas com base na ATC e no seguimento realizou-se avaliagdo com
= angiotomografia angiografia digital (AD). Em 27% dos pacientes encontramos multiplos aneurismas na ATC
computadorizada e 10% tinham outros diferentes aneurismas diagnosticados pela AD. O intervalo entre ATC
= angiografia digital por € tratamento cirdrgico variou de 0-4 dias. AD p6s-operatoéria mostrou 24% dos pacientes
subtracdo com colo residual. A deteccao de pequenos aneurismas ndo rotos em pacientes com
= aneurisma multiplos aneurismas e colo residual p6s clipagem cirtirgica continuam a ser um problema
intracraniano quando a ATC é realizada isoladamente. No entanto, as vantagens da ATC incluem sua
= hemorragia rapidez, menor invasdo e custo, o que nos permite realizar o tratamento cirdrgico de
subaracnoide aneurismas rotos apenas com os achados da ATC de boa qualidade.
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Introduction

The high rebleeding rates following subarachnoid hemor-
rhage (SAH) warrant the diagnostic evaluation of its under-
lying causes. Aneurysmal SAH is a significant cause of
morbidity and mortality, and its prompt and definitive
treatment are crucial for the patient’s outcome."?

Cerebral digital subtraction angiography (DSA) is the gold
standard for diagnosing ruptured aneurysms in patients pre-
senting with spontaneous SAH. However, DSA is an invasive and
time-consuming procedure and is associated with risks such as
puncture site hematoma, contrast-induced nephropathy, and a
less than 1% risk of permanent neurologic deficits.>™

More recently, computed tomographic angiography (CTA)
and three-dimensional (3D) CTA reconstruction have gained
popularity as initial imaging tests in patients with SAH because
of their reportedly high sensitivity and specificity for detecting
ruptured aneurysms. The noninvasive nature of CTA and the ease
and rapidity of their implementation are additional reasons for
their acceptance in the workup of spontaneous SAH.'-3

This study sought to evaluate the use of CTA as the
primary diagnostic tool for ruptured intracranial aneurysms
and to assess whether aneurysm clipping can be safely based
on CTA alone.

Material and Methods

This is a retrospective, descriptive, and observational cohort
study involving 59 patients admitted to the neurosurgical
vascular unit of our institution in the range of one year.
Patients who had clinical symptoms of SAH confirmed by
computed tomography (CT), Fisher II, III, and IV, or cerebro-
spinal fluid analysis, Fisher I, underwent CTA with 3D
aneurysmal reconstruction on admission day.

We evaluated patients with suspected SAH with non-
contrast CT. After SAH confirmation, all patients were sub-
mitted to 3D CTA using a General Electric Light-Speed
Advantage CT scanner (General Electric, Milwaukee, WI,
USA). Non-contrast CT scans were performed with 5 mm
contiguous axial sections through the posterior fossa fol-
lowed by 10 mm contiguous axial sections to the vertex. We
performed CTA using an injection of nonionic contrast at a
rate of 3 mL/s for 80 mL initiated with a 15-second pre-scan
delay. A 1 mm collimated helical scan with a 1:1 pitch was
obtained from the cavernous carotid cephalic for at least
3.5 cm. On average, a total dose of 24 g of iodine was
administered. For all patients, a general radiologist proc-
essed and analyzed the images using an Advantage Windows
3D workstation (General Electric, Milwaukee, WI, USA) and a
senior neuroradiologist confirmed findings.

CTA was the primary diagnostic and pretreatment plan-
ning exam performed in this group of patients presenting
with SAH. After diagnosis, we performed microsurgical
treatment (clipping) of the ruptured aneurysms in all pa-
tients. During the post-operative follow-up, DSA was used in
all 59 patients to evaluate the presence of other aneurysms
that may not have been identified with CTA as well as the
residual neck of clipped aneurysms.
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We recorded data on spreadsheets and saved them in a
database developed for the study. These included patient
characteristics such as gender and age, clinical and radiolog-
ical features, aneurysms identified by CTA and DSA, aneur-
ysms undiagnosed by CTA and identified by DSA, aneurysm
location, and presence of residual neck.

Data were subjected to descriptive analyses performed
with the SPSS software, version 22. The project was approved
by our department’s ethics committee.

Results

This study examined a total of 59 patients with SAH by
ruptured cerebral aneurysm that underwent surgical treat-
ment using 3D-CTA for diagnosis and preoperative planning.
Mean age was 48.85 + 12.08 years (range: 18-85 years) and
46 patients (78%) were over 40 years old. Twenty-eight were
men (47%) and 31 were women (53%).

Twenty-seven patients (46%) in this study presented as
Fisher III, 16 patients (27%) as Fisher IV, 14 (24%) as Fisher II,
and two patients (3%) as Fisher I (=~Fig. 1).

We found the following distribution for the location of
operated aneurysms identified by CTA (=Table 1): commu-
nicating anterior artery (AComA): 24 patients (41%); middle
cerebral artery (MCA): 20 patients (34%); posterior commu-
nicating artery (PComA): 14 patients (24%); pericallosal: 2
(3%); beyond the amount of additional unruptured aneur-
ysms seen by CTA (=Table 1). In 16 patients (27%), CTA
identified multiple aneurysms.

The interval between 3D-CTA and surgical treatment
ranged from O (surgery performed on the day of admission)
to four days, with a median of one day.

DSA was performed during the late postoperative period
and 53 patients (90%) showed no new aneurysms, while the
remaining 10% had aneurysms that were not detected origi-
nally, all of them smaller than 3mm.

In addition, DSA showed residual neck in 14 patients (24%): 5
were intentional due to intraoperative technical difficulties, and
9 were unintentional (5 in AComA and 4 in PComA). Among
these 14 patients, 10 were treated expectantly, 2 were treated

Fig. 1 Patient distribution according to Fisher scale (I: no blood
detected; Il: diffuse thin, <1 mm, SAH with no clots; IlI: localized clots
and/or layers of blood >T1mm in thickness; IV: intracerebral or
intraventricular blood).
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Table 1 3D-CTA protocol, localization of operated aneurysms

Location Ruptured and Additional
operated unruptured
aneurysms aneurysms

AcomA 24 2

MCA 20 9

PcomA 14 4

Pericallosal 2 2

ICA - Bifurcation 1 -

ICA - Cave 1 -

ICA - Ophthalmic 1 1

Abbreviations: AComA, communicating anterior artery; ICA, internal
carotid artery; MCA, middle cerebral artery; PComA, posterior
communicating artery.

electively (one by endovascular approach and the other by
microsurgical repositioning of the clip; both were without
residual neck after these procedures) and two patients had
rebleeding from the residual neck for up to 30 days. Of these last
two patients, one was an AComA aneurysm residual neck and
the patient died from rebleeding complication (~Fig. 2), while
the other was an MCA aneurysm residual neck that required
reoperation to reposition the clip and evacuate a temporal lobe
hematoma (SAH Fisher IV). Residual neck was observed accord-
ing to the following distribution: AComA: 6 patients (43%);
PComA: 4 patients (29%); MCA: 3 patients (21%); and Carotid
cave: one patient (7%) (=Fig. 3).
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Fig. 3 Residual neck distribution after clipped aneurysm planned by
3D-CTA.

Discussion

Aneurysms are one of the most important causes of SAH,
accounting for roughly 75 to 85% of cases, with a fatality rate
between 40 and 60%. Misdiagnosis is associated with further
increased morbidity and mortality. The advent of CTA has
changed the ease and promptness with which treating
physicians can identify and characterize a ruptured intra-
cranial aneurysm. As a result, the use of CTA as the initial
screening test for an aneurysm in the setting of a spontane-
ous SAH has been increasing."

DSA is the gold standard for the assessment of intracranial
aneurysms and for the preoperative treatment planning of
patients suffering from SAH.>*® Results obtained with DSA
are considered to be definite, although the reported rate of
negative angiography in SAH ranges from 10 to 20%. Nonethe-
less, DSA is an invasive imaging method and may be time-

Fig.2 Images from a patient who presented SAH Fisher Ill from an AComA aneurysm with rebleeding due to residual neck for up to 30 days. (A,
B) Preoperative 3D CTA shows saccular AComA aneurysm with dome facing the right side and neck to the left. (C, D) DSA and 3D-DSA show
residual neck (white arrows) after partial microsurgical clipping (white *). (E) Postoperative control CT. (F) CT shows severe rebleeding with
hematoma in frontal lobe, hemoventricle, and secondary hydrocephalus.
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consuming; moreovet, it is operator-dependent and carries a 4%
complication risk with 1% rate of persistent neurologic deficits.
In addition, the resulting subtracted images may sometimes fail
to delineate important morphological features of the aneurysm
that facilitate the neurosurgeon’s ability to perform a safe
operation, such as the neck, vessels arising from the sac, and
mural calcifications or luminal thrombus."%®

In our study, patients underwent 3D-CTA immediately
after SAH detection. The time between 3D-CTA and surgery
ranged from O to 4 days, with a median of one day. This is an
important issue in aneurysmal SAH, since rebleeding and
vasospasms are severe early complications that directly
influence morbidity and mortality. Therefore, definitively
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treating aneurysms as fast as possible can help avoid re-
bleeding and treat vasospasms more aggressively.

3D-CTA allows three-dimensional visualization of the aneu-
rysmal neck, the anatomic relationships between skull base
bones and the aneurysm, as well as aneurysms in deep planes,
thus facilitating the surgical approach (~Fig. 4).237 CTA is a
rapid, minimally invasive, and convenient method of detecting
cerebral aneurysms after a plain CT scan identifies a SAH. In
some patients, the quality of the CTA images is good enough to
avoid the risks, delays, and costs associated with DSA.%

The literature presents a wide range of sensitivity (70-100%)
and specificity (50-100%) values for the detection of aneurysms
with 3D-CTA.? For example, in a series of 40 patients with SAH,

Fig. 4 Images from a 47-year-old female patient with SAH due to a ruptured PComA aneurysm. 3D-CTA was performed on admission and
microsurgical clipping was performed on the same day. (A) CT on admission shows SAH; (B) 3D-CTA shows PComA aneurysm and its relation to
bone structures, neighboring vessels, and aneurysm morphology (size, dome/neck relation, and orientation); (C) and (D) Intraoperative image
shows similar characteristics to those found on the 3D-CTA, favoring the microsurgical aneurysm clipping, without residual neck.
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Anderson et al® reported sensitivity and specificity of 86 and
90%, respectively. Vieco et al? reported sensitivity of 97% and
specificity of 100%. In a series of 113 patients, Wang et al*
reported sensitivity and specificity values of 98.9 and 100%,
respectively. Pechlivanis et al? reported a strong correlation
between CTA and intra-operative findings in 92 of 100 patients,
as well as between CTA and DSA in 60 of 61 patients (98%).
Finally, CTA and DSA had equal sensitivity for the detection of
intracranial aneurysms >3 mm in a study by Karamessini et al.?

The main disadvantage of CTA is its low sensitivity for
detecting small aneurysms (<3 mm). In our study, six patients
(10%) had aneurysms detected by DSA which had been missed
with CTA. These aneurysms were mainly incidental discoveries
on postoperative DSA, and in no patients did they require
treatment. Also, CTA does not facilitate the delineation of
perforating arteries smaller, which are less than 1.0mm in
diameter (the recurrent artery of Heubner, the anterior choroi-
dal artery, and thalamoperforating arteries),>’~° and cannot be
used to determine aneurysm fillings.2°

While some believe that incomplete aneurysm treatment
may result in recurrent hemorrhage with serious or fatal
consequences, others have suggested that 1- to 2-mm resid-
ual necks seen in postoperative DSA pose little risk."" In
recent years, several cases have been presented in which this
seemingly unimportant remnant of the neck dilated to
become a dangerous aneurysm.'"'?

Postoperative DSA is routinely used to evaluate patients who
have undergone surgical obliteration of an aneurysm. It pro-
vides information on the results of clipping, the presence of
residual unclipped aneurysms, other unclipped aneurysms, and
the occlusion of major vessels.!'"'3 In a series of 102 patients
harboring a total of 167 aneurysms, David et al'? found a small
but significant risk of de novo aneurysm formation, particularly
in patients with multiple aneurysms. Most residual aneurysms
appear to remain stable, although a subset may enlarge or
rupture. These findings support the rationale for late angio-
graphic follow-up in patients with aneurysms. In our study, we
found 14 patients (24%) with residual neck (9 unintentional). Of
these patients, two had rebleeding and severe complications,
and one patient died (~Fig. 2).

Although many authors have reported that 3D-CTA can be
used instead of DSA in all but a few cases, very few centers
use CTA as the primary diagnostic tool in daily routine for
planning aneurysm surgery. The percentage of patients who
have been operated solely based on 3D-CTA data in centers
across the world ranges between 33% and 93%.2*°

Limitations

The reliability of the radiological findings in our study could
have been improved by having two or more neuroradiolo-
gists evaluating each image. Also, a detailed comparative
analysis of aneurysm morphology would have allowed us to
better understand the role of CTA. Unfortunately, the retro-
spective nature of our study did not give us access to this type
of information. Despite these limitations, we believe our
results provide preliminary yet valuable information regard-
ing the use of CTA for SAH patients. Future studies with larger

Menéndez et al.

numbers of patients and blind comparisons should be con-
ducted to address the questions beyond the scope of the
present study.

Conclusions

When good quality CTA images are available for SAH, it is
possible to proceed with ruptured aneurysm repair. Howev-
er, detection of small unruptured aneurysms in patients with
multiple lesions and aneurysm remnants adjacent to an
aneurysm clip remain a problem. The advantages of CTA
compared with DSA include its rapidity, reduced invasive-
ness, and lower cost.

Based on these observations, it is our continued practice
to operate on the basis of CTA alone in most cases. In fact, we
believe postoperative DSA should be mandatory for all
patients. It is likely that continued refinement of CTA and
greater experience with its use will increase its sensitivity for
detecting small aneurysms.
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