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Digital Subtraction Angiography for CT
Angiogram Negative Haemorrhages
Helen Wong, Luke Hodgson, Jillian Banfield, Jai J. S. Shankar

ABSTRACT: Background: In patients with subarachnoid haemorrhage (SAH) and a negative finding on CT angiography (CTA), further
imaging with digital subtraction angiography (DSA) is commonly performed to identify the source of bleeding. The purpose of this study
was to investigate whether negative findings on CTA can reliably exclude aneurysms in patients with acute SAH. Methods: This
retrospective study identified all DSAs performed between August 2010 and July 2014 within our institution. CT angiography was
performed with a 64-section multidetector row CT scanner. Only DSAs from patients with confirmed SAH and a negative CTA result were
included in the final analyses. A fellowship-trained neuroradiologist reviewed the imaging results. Results: Of the 857 DSAs, 50 (5.83%)
were performed in 35 patients with CTA-negative SAH. Of the 35 patients, three (8.57%) had positive findings on the DSA. In one patient,
suspicious dissection of the extra- and intra-cranial segment of the right vertebral artery could not be confirmed even in retrospect. In the
second patient, the suspicious finding of tiny protuberance from the left paraclinoid internal carotid artery (ICA) on DSA did not change on
follow-up and did not change patient’s management. The third patient had a posterior inferior cerebellar artery aneurysm, which was not
seen on the initial CTA owing to the incomplete coverage of the head on the CTA. Conclusion: In patients with SAH, negative findings on
a technically sound CTA are reliable in ruling out aneurysms in any pattern of SAH or no blood on CT. Our observations need to be
confirmed with larger prospective studies.

RÉSUMÉ: Effectuer un examen d’angiographie numérique avec soustraction chez des patients victimes d’une hémorragie méningée pour
lesquels un examen de tomodensitométrie a donné des résultats négatifs. Contexte: Dans le cas de patients victimes d’hémorragie méningée pour
lesquels un examen d’angiographie par tomodensitométrie donne des résultats négatifs, l’obtention d’images additionnelles au moyen de l’angiographie
numérique avec soustraction (ANS) est couramment envisagée afin de déterminer l’origine du saignement. L’objectif de cette étude est donc d’examiner
dans quelle mesure des résultats négatifs à un examen d’angiographie par tomodensitométrie peuvent exclure en toute certitude la présence d’anévrismes
chez des patients victimes d’hémorragie méningée aigüe.Méthodes: Cette étude rétrospective a ainsi procédé à l’identification de tous les examens d’ANS
réalisés au sein de notre établissement entre août 2010 et juillet 2014. Des examens d’angiographie par tomodensitométrie ont été ensuite effectués au
moyen d’un tomodensitomètre à 64 barrettes de détecteurs. Ainsi, seuls les patients ayant subi un examen d’ANS et pour lesquels on a confirmé la présence
d’une hémorragie méningée à la suite de résultats négatifs à un examen de tomodensitométrie ont été inclus dans le cadre de notre travail final d’analyse.
Résultats: Sur les 857 examens d’ANS, 50 (5,83 %) ont été réalisés chez 35 patients victimes d’hémorragie méningée pour lesquels un examen
d’angiographie par tomodensitométrie avait donné des résultats négatifs. De ces 35 patients, trois (8,57 %) ont donné à voir des résultats positifs à un
examen d’ANS. Dans le cas d’un patient, une dissection suspecte des segments extra-crânien et intracrânien de l’artère vertébrale droite n’a pas pu être
confirmée, et ce, même ultérieurement. Dans le cas d’un second patient ayant subi un examen d’ANS, une minuscule protubérance suspecte sur l’artère
carotide interne paraclinoïde gauche n’avait pas évolué au moment d’un suivi. Fait à souligner, une telle découverte n’a pas modifié la prise en charge du
patient. Enfin, on a pu détecter chez le troisième patient un anévrisme ayant affecté l’artère cérébelleuse postérieure-inférieure, ce qui n’avait pas été
observé lors du premier examen de tomodensitométrie, la tête du patient n’ayant pas été couverte complètement par l’appareil. Conclusion: Dans le cas de
patients victimes d’une hémorragie méningée, des résultats négatifs obtenus au moyen d’un tomodensitomètre techniquement bien ajusté permettent
d’exclure de façon fiable la présence d’anévrismes pour tous les cas d’hémorragie méningée ou lorsqu’un tomodensitomètre ne révèle pas de saignement.
Cela dit, nos observations doivent encore être confirmées par des études prospectives de plus grande envergure.
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INTRODUCTION

The most common causes of non-traumatic subarachnoid
haemorrhage (SAH) are ruptured aneurysms and have very poor
natural history.1 Digital subtraction angiography (DSA) is com-
monly performed after CT angiography (CTA) when a patient is
suspected to have an SAH to rule out intracranial aneurysms.2 The
most recent guideline from the American Heart and American
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Stroke Associations recommends using DSA for detecting
aneurysms in patients with SAH.3 The guidelines indicate that
CTA can be used to guide decisions regarding aneurysm repair,
but that DSA should be used when CTA is inconclusive. Despite
these guidelines, clinicians and researchers are divided about the
necessity of using DSA to detect aneurysms after SAH.4-9 Up to
20% of SAH patients have no aneurysm detected on initial
angiography imaging.10,11 Given that DSA is resource-intensive
and invasive, CTA is increasingly being used to detect ruptured
aneurysms following SAH.12

Imaging of head and neck vessels with CTA has improved
since helical CT was introduced, and it provides high-resolution
three-dimensional reconstructions and shorter acquisition time.4

In addition to these improvements in technology, radiologists’
increasing familiarity with interpreting source images has
increased the utility of CTA.2 Thus, interventional radiologists are
able to diagnose patients more efficiently with suspected SAH
because of enhancements in CTA imaging and training. Increased
use of CTA, however, has not been accompanied by a matching
decrease in DSA, resulting in multiple tests without gain in
diagnostic yield.12 Given the improvements in CTA and the dis-
advantages of DSA, it is imperative to investigate whether a DSA

is truly necessary for a negative SAH finding on a CTA.4 The
purpose of this study was to review cases of suspected aneurysmal
SAH at our institution to determine whether a CTA was sufficient
to exclude a diagnosis of intracranial aneurysms in patients with
suspected SAH.

MATERIALS AND METHODS

Data Collection

The study was approved by our institutional research ethics
board. In a retrospective study, all cerebral DSA performed from
August 2010 to July 2014 for any indications were analysed.
Subarachnoid haemorrhage was identified through positive find-
ing on non-contrast computed tomography scans and/or lumbar
punctures. Among those with confirmed SAH, only patients who
had a negative CTA were selected for this study. Results from
CTA with source images were compared with DSA.

Image Acquisition and Analysis

Following standard protocols, CTA was performed on
64-section multidetector CT scanners and DSA in a dedicated
biplane neuroangiography unit (Axiom Artis, Siemens). All ima-
ges were analysed on a Picture Archiving and Communication
System (PACS) workstation. Retrieval of patient information and
radiology reports were reviewed for patient selection. The CTA
and DSA images of the patients with CTA-negative SAH were
reviewed on PACS by a fellowship-trained neuroradiologist
(JJSS) to confirm the diagnosis and to rule out any possibilities of
dictation errors.

RESULTS

In total, 857 DSA were performed during the study period; 50
(5.83%) DSA were performed in 35 patients who presented with
SAH and had negative CTA for any possible aetiology of SAH.
The patients’ demographic information is summarised in Table 1.
Of the 35 patients, only 3 (8.57%) patients had positive findings
on the DSA.

One patient presented with SAH in the pre-pontine and cer-
ebellopontine cistern with CTA-negative for evidence of
aneurysm (Figure 1). DSA showed irregularity in the V4 seg-
ment of the right vertebral artery. This was not obvious on CTA.

Table 1: Demographic details of the patients with CT angio-
graphy (CTA)-negative subarachnoid haemorrhage (SAH)

Characteristics n

Number of patients with DSA and CTA-negative SAH 35

Male:female 17:18

Median age (range) 57 (24-79) years

Median time interval between CTA and DSA (range) 1 (0-14) days

Pattern of SAH on plain CT head

Perimesencephalic haemorrhage 23

Aneurysmal pattern of SAH 6

Peripheral SAH 3

CT –ve and LP + ve SAH 3

–ve= negative; + ve= positive; DSA= digital subtraction angiography;
LP= lumbar puncture.

Figure 1: Patient presented with subarachnoid haemorrhage predominantly in the posterior fossa (A). CT angiogram did not show any source for
this subarachnoid haemorrhage (B, C). Digital subtraction angiography showed irregularity in the wall of the V4 segment of the right vertebral
artery (D), which was not very well seen on the lateral view (E). In the absence of any other source and owing to the proximity of this irregularity to
the subarachnoid haemorrhage, this was diagnosed as dissection of the vertebral artery. No other imaging evidence of dissection was seen.
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In the absence of any other obvious aetiology and owing to the
presence of maximum SAH around this area, this was thought to
be a dissection. This was not obvious on CTA. This finding was
equivocal and could have been a focal vasospasm from the
presence of the SAH. Vasospasm on day 1 after SAH is extre-
mely rare.

The second patient had SAH in the pre-pontine cistern with
intra-ventricular extension with negative CTA for any evidence of
aneurysm. On DSA, the only suspicious finding was a tiny
(1.5mm in maximum diameter) outpouching from the left para-
clinoid ICA (Figure 2). The appearance favoured an infundibular
origin of a hypoplastic posterior communicating artery. However,
a tiny, sessile aneurysm could not be excluded. This finding did
not show any change even on the third follow-up DSA. The
patient did not receive any treatment for this finding, did not have
a re-bleed and made an excellent recovery.

The third patient was referred to us from another institution
with the initial diagnostic CT and CTA showing SAH but no
aneurysms. The patient underwent DSA in our institution that
demonstrated a small posterior inferior cerebellar artery aneur-
ysm. This patient underwent another CTA in our institution before
undergoing coiling, which demonstrated the aneurysm of exactly

the same shape and size. In retrospect, the initial CTA did not
cover the region of the aneurysm (Figure 3).

DISCUSSION

In this retrospective study comparing CTA with the criterion
standard of DSA, we demonstrated the relative futility of DSA in
patients with CTA-negative SAH. Of the 35 patients with CTA-
negative SAH, three were reported to have positive findings on
follow-up DSA. Dissection was suspected but could not be con-
firmed in the first patient. A tiny, sessile aneurysm could not be
ruled out in the second case, but the patient received no treatment
for an aneurysm and made a full recovery. In the third patient, a
posterior inferior cerebellar artery aneurysm was not seen initially
because the initial CTA did not cover the area of the brain where
the aneurysm was located. When another CTA was performed
immediately after the DSA, it showed the aneurysm very well.
The final case underscores the importance of having properly
trained professionals who meticulously follow standard protocols
in optimising the use of CTA.

Our findings are consistent with earlier studies that report high
sensitivity (97%-100%) of CTA for detecting intracranial aneur-

Figure 2: Patient had subarachnoid haemorrhage predominantly in the suprasellar and interpeduncular cistern more so on the right side (A). CT
angiogram did not show any source of the subarachnoid haemorrhage (B). Digital subtraction angiogram showed a suspicious finding of a tiny
infundibulum (arrow) from the contralateral (left) paraclinoid ICA (C). This remained stable on the 3rd follow-up for subarachnoid haemorrhage
and was thought not to be the source of subarachnoid haemorrhage.

Figure 3: Patient had a small subarachnoid haemorrhage in the left cerebellopontine angle cistern (A). CT angiogram performed in an outside
institution did not show any source of this subarachnoid haemorrhage (B), but this CT angiogram did not even cover the area of focal subarachnoid
haemorrhage. CT angiogram repeated in our institution covering the whole brain (C) showed a left posterior inferior cerebellar artery origin
aneurysm (C, arrow). This aneurysm (arrow) seen on the reconstructed image (D) looked exactly similar in size and shape to what was seen on the
digital subtraction angiography (E, arrow).
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ysms.13-15 Similarly, results from a large systematic review and
meta-analysis comprising 50 studies calculated the pooled sensi-
tivity and specificity of CTA in the diagnosis of cerebral aneur-
ysms in SAH to be 98% and 100%, respectively.16 In lieu of DSA,
the aforementioned evidence provides strong support for CTA to
serve as the sole diagnostic imaging modality for intracranial
aneurysm detection within the SAH population.

However, a recent retrospective analysis of 643 patients
suggests that CTA accuracy may be lower than presented in
earlier investigations. Philipp et al17 reported sensitivity of CTA
to be 70.7% for overall SAH, 57.6% for very small aneurysms
(<5mm) and 45% for internal carotid artery aneurysms. As
acknowledged by the authors, this was possibly a result of
variability in imaging data relating to methods, locations, tech-
nology, time frame and expert staff in the study.17 The legiti-
macy of CTA in the diagnosis of cerebral aneurysms in patients
with SAH has been challenged in the past. In addition to small
aneurysms, previous studies have highlighted that CTA strug-
gles with detecting aneurysms located adjacent to the bone/skull
base or at a tortuous vessel loop.6,18-20

We argue that the sensitivity of CTA may have been under-
estimated in some studies owing to misinterpretation of imaging
scans potentially because of the lack of observer experience.
Earlier investigations have shown that the accuracy of CTA
detection of intracranial aneurysms can improve as the readers
gain more experience or exposure.21,22 One study reported sen-
sitivities for CTA increasing from 69% on initial aneurysms
(n= 13) to 84% on subsequent aneurysms (n= 13).22 Similarly,
neuroradiologists have been found to consistently perform better
than non-neuroradiologists in detecting intracranial aneurysms
via CTA.23 This underscores the importance of both, the use of
correct protocol with modern CTA technology and increasing
expertise with the interpretation of these images, in increasing
the capability in depicting intracranial aneurysms on non-
invasive CTA compared with DSA. For example, in a pro-
spective study of 133 patients and five independent reviewers of
images, the sensitivity for aneurysms < 3mm was reported to be
greater for the 64-slice CTA (96.3%) compared with the DSA
(85.2%).24

Although DSA has long been regarded as the golden standard,
an increasing number of studies show that DSA is unnecessary,
invasive and costly.8 Specifically, we propose that a DSA is
unnecessary for the diagnosis of patients with SAH when a thor-
ough CTA with appropriate protocol and review returns negative
findings. On the basis of the present study, if CTA identifies no
aneurysm in patients with SAH, then it can be assumed that the
origin of the SAH is non-aneurysmal in nature. Nevertheless,
diagnostic accuracy is dependent on the physicians who interpret
the images. As radiologists gain more experience with the tech-
nology, the advantages of CTA over DSA increase.2 Trusting
such negative findings on CTA can expedite further management.

Limitations

The limitations of this study must be considered when inter-
preting its findings. Specifically, the retrospective nature of the
study design and its potential for selection bias may limit the
generalisability of its results. Given our small sample size, addi-
tional studies may be required to fully elucidate CTA diagnostic
capabilities related to SAH.

CONCLUSION

In patients with SAH, negative findings on a technically sound
CTA are reliable in ruling out aneurysms in any pattern of SAH or
no blood on CT. Our observations need to be confirmed with
larger prospective studies.
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