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ABSTRACT

Introduction: Digital subtraction angiography (DSA) is considered the gold standard for diagnosis and pre-treatment
planning of cerebral aneurysms, but it is invasive and carries a certain degree of mortality and morbidity. Three-dimensional
computed tomographic angiography (3D-CTA) is an advancement in aneurysm diagnosis. This study evaluated accuracy of
3D-CTA for diagnosing aneurysms and assessing outcome of surgical treatment. Materials and Methods: A total of 8
patients harboring 13 aneurysms were studied. CTA revealed aneurysms concurrent with other clinical and radiological
findings. Accuracy of CTA for diagnosis, and the anatomical characteristics of aneurysms (such as blebs, lobes and
surrounding vascular anatomy) were compared with surgical findings. Post-op CTA was done in 4 cases. Results: CTA
findings regarding aneurismal morphology and vascular anatomy were confirmed at surgery in all cases (100% diagnostic
accuracy). In 7 patients, aneurysms were successfully clipped. One patient underwent carotid ligation. Aneurysm clipping
was not possible in 1 case, while 1 case of carotid aneurysm failed to reveal an associated small posterior communicating
artery aneurysm. Recovery was excellent in 6 patients, good in 3 patients, and 1 patient died due to chest complications.
Conclusion: CTA is a simple, less invasive, rapid, and reliable first-line diagnostic modality for diagnosis and early
microsurgical intervention. It also avoids the complications associated with DSA. CTA may be the only angiographic modality

to conclusively determine aneurysm occlusion in cases of carotid ligation.

Despite remarkable advances in management, aneurysmal
subarachnoid hemorrhage (SAH) continues to be
associated with high rates of morbidity and mortality.
Aneurysms usually remain silent and get noticed only
when they rupture and present with spontaneous
subarachnoid hemorrhage. When dealing with a ruptured
aneurysm, time is critical as death rate in the initial 15 hrs
is 10-15%, reaching almost 50% within 30 days of
hemorrhage.

Three mechanisms are proposed for the mortality
associated with aneurysmal subarachnoid hemorrhage -
acute hydrocephalus, re-bleeding, and cerebral ischemia
due to vasospasm.l Timely diagnosis is the key to
decreasing mortality and morbidity in all three situations.
Currently, three diagnostic modalities are available for
diagnosing an intracranial aneurysm - Digital Subtraction

Angiography (DSA), Magnetic Resonance Angiography
(MRA), and Computed Tomographic Angiography (CTA).
DSA has hitherto been considered the gold standard for
diagnostic and pretreatment planning. However, it is a
time-consuming and invasive modality associated with a
certain risk of complications, and is not an ideal technique
in emergent conditions.

Advent of new modalities such as MRA and CTA has
changed the protocol of aneurysm management. MRA,
although noninvasive, has logistic problems and provides
inferior resolution compared with CTA. On the other hand,
CTA has opened up new horizons in the management of
intracranial aneurysms. It offers certain advantages over
DSA. Not only is it readily available, it is also noninvasive
and generates sufficient information to enable effective
therapeutic decision-making.
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This study was performed to determine the role of 3D-CTA
in the management of intracranial aneurysms. Our
hypothesis was that 3D-CTA is able to correctly establish
surgical indications in patients with intracranial
aneurysms, and that CTA-guided surgery can be
performed without preliminary conventional angjography.

MATERIALS AND METHODS
Study design

This is a clinical case series based on purposive and
convenient sampling.

Operational definitions

Cerebral aneurysm was defined as a saccular outpouching
from a parent artery, having a clearly definable sac and
neck. Diagnostic accuracy referred to the accuracy of
identifying cerebral aneurysms, their surrounding vascular
anatomy, the presence of vasospasm, and whether the
aneurysm had a clearly definable sac and neck. Outcome
was defined as surgical outcome of aneurysm post-
clipping, as assessed by the Glasgow Outcome Scale and
categorized as excellent, good or poor.

Inclusion criteria

Inclusion criteria were age between 15 - 70 years who
underwent CTA and were diagnosed with intracranial
aneurysm(s) that were subjected to clipping. Patients who
had already been diagnosed with cerebral aneurysm on
the basis of some other modality were excluded from the
study.

Data Collection

After taking informed consent, patients were explained the
risks and benefits of investigation. Computed tomography
was performed using a 60-slice scanner. Scanning
consisted of an initial head CT study followed by a CT
angiogram. Patients presented at various post-ictal stages
of SAH and underwent CTA after a variable time period,
extending between 5 to 30 post-ictal days. Effective
surgical planning was done on the basis of CTA images
(and in one case, on DSA). Intra-operative findings and
difficulties encountered were recorded and compared with
the CTA data.

Analysis

Data was analyzed on SPSS v. 13.0. Data were tabulated
as frequencies. Diagnostic accuracy of CTA was calculated

by simple yield, as confirmed by surgical observations.

RESULTS

Between December 2005 and October 2007, 8 patients
presented harboring 13 aneurysms. Mean age was 46.38
+ 10.59 years; 75 % were male and 25 % female. All
patients underwent microsurgical clipping in the
neurosurgery department of Jinnah Hospital, Lahore.
Clinical symptoms were as follows: 87.5% presented with
headaches; 62.5% had vomiting; 25% had fever; 25%
had aphasia; 25% had hemiperesis or hemiplegia; and
50% of patients presented with unconsciousness.

A total of 8 CTA studies were obtained pre-operatively,
showing 13 aneurysms. CTA was able to diagnose 12
aneurysms out of 13 (sensitivity 92.3 %). The feasibility of
clipping was correctly assessed in 12 out of 13 targeted
aneurysms (sensitivity 92.3%). Clipping was planned for
11 aneurysms, the exception being an anterior
communicating artery (A-comm) aneurysm, which on CTA
images showed a fundus of 5.5 mm x 3.2 mm and a neck
of 2.2 mm. Intra-operatively, this was found to have a
broad neck along the A-comm with a large perforator
arising from its fundus that was attached to basal dura
and optic nerve. The lesion was not feasible for clipping,
and was therefore reinforced with a muscle patch. In
another case of A-comm aneurysm, there was an
incidental finding of an additional small posterior
communicating artery (P-comm) aneurysm not seen on
CTA; this, too, was also clipped.

Post-operatively, all aneurysms were clearly obliterated in
the CTA images, but aneurysmal necks were not clearly
outlined as they were masked by clip artifact. In 8 patients
(62.5%) there was excellent recovery as measured by the
Glasgow Outcome Scale, while 3 patients showed good
recovery. One patient (8.3%) died, attributable to
nosocomial pneumonia.

DISCUSSION

In this modern era of aneurysmal subarachnoid
hemorrhage management, even with the availability of
multiple treatment modalities, morbidity and mortality
rates have not appreciably declined. Re-hemorrhage and
brain ischemia are the major causes of death among
initial survivors. Reduction in the time to diagnose the
aneurysm may lead to quicker definitive treatment.

A possible reason for failure to improve outcome is the
lack of a practical modality to diagnose aneurysms that
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would enable expeditiously proceeding to early
management. A non-invasive tool that can reliably and
accurately detect aneurysms is therefore needed. DSA,
although considered the gold standard, faces certain
limitations. Firstly, it is not readily available in many local
centers, and hence not useful in emergency conditions.
Secondly, it is an invasive procedure with associated
morbidity and mortality. Moreover, as many of our patients
present late after SAH when cerebral vasculature is in
vasospasm, performing DSA at this stage may aggravate
the clinical condition. Finally, DSA does not provide the
relation of vascular anatomy with surrounding bony
structures.2-6

MRA is also used to evaluate cerebral aneurysms but it
entails logistic problems as it requires a free magnetic
field. The image produced is also not as sharp as with CTA
and it, too, does not provide relationship of vascular
anatomy to bony structures. MRA is also time-consuming.

3D-CTA is a relatively new technique that has been
studied extensively in patients with acute SAH. It has the
advantage of being less invasive, readily available and
convenient. Furthermore, unlike DSA, it can also be used
to visualize the relation of vascular anatomy with
surrounding bony structures.

In this study, we have demonstrated the usefulness of CTA
in the diagnosis of cerebral aneurysms presenting both in
acute and delayed stages of SAH. CTA was used as the
diagnostic and pretreatment planning study. Surgery was
planned and performed on the basis of CTA images. Per-
operative findings were compared and post-operative
follow-up was also done, showing CTA to be an accurate
diagnostic modality with over 90% sensitivity and 100%
specificity. It also provides the necessary anatomical
information for a better surgical approach. CTA is
particularly useful in treatment planning, and the choice of
endovascular coiling or clipping can be made solely on the
basis of CTA images.”-15 DSA should be reserved in those
cases where CTA shows equivocal results.16:17

Given the recent emergence of CTA, studies on the utility
and accuracy of this technique in detecting and managing
an aneurysm have been carried out all over the world. A
study from Germany reported that 92% cases of acute
SAH can be managed with the help of CTA without
additional invasive testing.4

CTA has proven its role in detection of cerebral vasospasm
following acute subarachnoid hemorrhage.2:18:19 |t also
establishes the indications for embolization, determines
the side of insertion for guiding catheters, and helps
choose the appropriate coil size, thus proving its

significance in embolization.?,10

Our study has certain limitations. First, because it was
performed retrospectively it suffers from the errors
inherent in any retrospective analysis. Second, the patient
population is relatively small.

Although CTA seems to be an accurate and useful
modality for detecting cerebral aneurysms, it faces minor
drawbacks which should be considered for every patient.
There can be an allergic reaction to contrast dye. Another
disadvantage is radiation exposure. In addition, CTA can
miss lesions less than 3 mm in size.29 Finally,
interpretation of CTA images can be difficult in cases in
which a metal artifact is encountered, such as after
surgical clipping.

In the future, the new investigative technology of 4D-CTA
will facilitate choice and execution of an optimal treatment
even more effectively, as it has the power to provide
information about dynamic aneurysmal features such as
flow, dome pulsations, blebs and growing aneurysms.

CONCLUSION

We have demonstrated that CTA is a reliable, practical
modality in detecting intracranial aneurysms, with a
sensitivity of 92.3 %. It is non-invasive and readily
available. Therapeutic decisions may be taken and surgery
planned on the basis of CTA alone. In an emergent
situation such as a deteriorating patient, it is superior to
either empiric exploration or DSA because it delineates
the orientation and configuration of the aneurysm and its
associated vascular anatomy, and allows pretreatment
planning. It reduces pretreatment evaluation time
critically.

REFERENCES

1. Ohta T, editor. Cerebrovascular diseases, lllustrated
Neurosurgery. Kinpodo publishing company, Japan

2. Oishi H, Tange Y, Abe Y, Ishii K, Bandoh K, Ashida
H. A case of subarachnoid hemorrhage verified as
cerebral vasospasm by using three-dimensional CT
angiography (3 D-CTA): reference to comparison
with conventional angiography. No To Shinkei 1999
Sep;51(9):809-13

3. Anderson GB, Steinke DE, Petruk KC, Ashforth R,
Findlay JM. Computed tomographic angiography
versus digital subtraction angiography for the
diagnosis and early treatment of ruptured
intracranial aneurysms. Neurosurgery 1999

PAKISTAN JOURNAL OF NEUROLOGICAL SCIENCES | 10' VOL. 4(1) JAN - MAR 2009



Dec;45(6):1315-20

4, Karamessini MT, Kagadis GC, Petsas T, Karnabatidis
D, Konstantinou D, Sakellaropoulos, GC et al. CT
angjography with three-dimensional techniques for
the early diagnosis of intracranial aneurysms.
Comparison with intra-arterial DSA and the surgical
findings. Eur J Radiol 2004 Mar;49(3):212-23

5. Lai PH, Yang CF, Pan HB, Chen C, Ho JT, Hsu SS.
Detection and assessment of circle of Willis
aneurysms in acute subarachnoid hemorrhage with
three-dimensional computed tomographic
angiography: correlation with digital substraction
angiography findings. J Formos Med Assoc 1999
Oct;98(10):672-7

6. Vieco PT, Shuman WP, Alsofrom GF, Gross CE.
Detection of circle of Willis aneurysms in patients
with acute subarachnoid hemorrhage: a comparison
of CT angiography and digital subtraction
angiography. AJR Am J Roentgenol 1995
Aug;165(2):425-30

7. Hu JQ, Lin D, Ling HW, Shen JK, Zhao WG, Cheng K.
The clinical value of three-dimensional computed
tomographic angiography in embolization of acutely
ruptured intracranial aneurysms with Guglielmi
detachable coil. Zhonghua Yi Xue Za Zhi 2003 May
10;83(9):753-5

8. Pechlivanis |, Schmieder K, Scholz M, Kénig M,
Heuser L, Harders A. 3-Dimensional computed
tomographic angjography for use of surgery planning
in patients with intracranial aneurysms. Acta
Neurochir (Wien) 2005 Oct;147(10):1045-53;
discussion 1053. Epub 2005 Jul 29.

9. Agid R, Lee SK, Willinsky RA, Farb RI, terBrugge KG.
Acute subarachnoid hemorrhage: using 64-slice
multidetector CT angiography to "triage" patients'
treatment. Neuroradiology 2006 Nov;48(11):787-
94. Epub 2006 Sep 29

10. Papke K, Kuhl CK, Fruth M, Haupt C, Schlunz-
Hendann M, Sauner D et al. Intracranial aneurysms:
role of multidetector CT angiography in diagnosis
and endovascular therapy planning. Radiology 2007
Aug;244(2):532-40

11. Gonzalez-Darder JM, Pesudo-Martinez JV, Feliu-
Tatay RA Microsurgical management of cerebral
aneurysms based in CT angiography with three-
dimensional reconstruction (3D-CTA) and without
preoperative cerebral angiography. Acta Neurochir
(Wien) 2001;143(7):673-9

12. Hoh BL, Cheung AC, Rabinov JD, Pryor JC, Carter
BS, Ogilvy CS.Results of a prospective protocol of
computed tomographic angiography in place of
catheter angiography as the only diagnostic and
pretreatment planning study for cerebral aneurysms
by a combined neurovascular team. Neurosurgery
2004 Jun;54(6):1329-40; discussion 1340-2.

PAKISTAN JOURNAL OF NEUROLOGICAL SCIENCES | 11| volL.

13.

14.

15.

16.

17.

18.

19.

20.

Preda L, Gaetani P, Rodriguez y Baena R, Di Maggio
EM, La Fianza A, Dore R et al. Spiral CT angiography
and surgical correlations in the evaluation of
intracranial aneurysms. Eur Radiol 1998;8(5):739-
45,

Hsiang JN, Liang EY, Lam JM, Zhu XL, Poon WS. The
role of computed tomographic angiography in the
diagnosis of intracranial aneurysms and emergent
aneurysm clipping. Neurosurgery 1996
Mar;38(3):481-7 discussion 487.

Dehdashti AR, Rufenacht DA, Delavelle J, Reverdin
A, de Tribolet N Therapeutic decision and
management of aneurysmal subarachnoid
haemorrhage based on computed tomographic
angiography. Br J Neurosurg 2003 Feb;17(1):46-53
Lukosevicius S, Vaitkevicius G. Brain computed
tomography angiography in case of subarachnoid
hemorrhage. Medicina (Kaunas) 2002;38(2):140-
6.

Zouaoui A, Sahel M, Marro B, Clemenceau S,
Dargent N, Bitar A, et al.Three-dimensional
computed tomographic angiography in detection of
cerebral aneurysms in acute subarachnoid
hemorrhage. Neurosurgery. 1997 Jul;41(1):125-30
Anderson GB, Ashforth R, Steinke DE, Findlay JM.
CT angiography for the detection of cerebral
vasospasm in patients with acute subarachnoid
hemorrhage. AINR Am J Neuroradiol. 2000 Jun-
Jul;21(6):1011-5

Otawara Y, Ogasawara K, Ogawa A, Sasaki M,
Takahashi K. Evaluation of vasospasm after
subarachnoid hemorrhage by use of multislice
computed tomographic angiography. Neurosurgery.
2002 Oct;51(4):939-42; discussion 942-3.
Villablanca JP, Jahan R, Hooshi P, Lim S, Duckwiler
G, Patel A, et al. Detection and characterization of
very small cerebral aneurysms by using 2D and 3D
helical CT angiography. AINR Am J Neuroradiol.
2002 Aug;23(7):1187-98

4(1) JAN - MAR 2009



	Pakistan Journal of Neurological Sciences (PJNS)
	4-2009

	Diagnostic Accuracy of Ct Angiography and Surgical Outcome of Cerebral Aneurysms
	Nozaina Khan
	Naveed Ashraf
	Abdul Hameed
	Akmal Muhammed
	Recommended Citation


	tmp.1551161825.pdf.kAJp6

