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Diagnostic Yield of Catheter Angiography in Patients with
Subarachnoid Hemorrhage and Negative Initial Noninvasive
Neurovascular Examinations

J.E. Delgado Almandoz, B.M. Crandall, J.L. Fease, J.M. Scholz, R.E. Anderson, Y. Kadkhodayan, and D.E. Tubman

ABSTRACT

BACKGROUND AND PURPOSE: The yield of DSA in patients with SAH and negative initial noninvasive neurovascular examinations (CTA
or MRA) is not well-understood. This study aimed to determine the yield of DSA for the detection of causative vascular lesions in this
clinical scenario.

MATERIALS AND METHODS: We examined the yield of DSA for the detection of causative vascular lesions in a cohort of patients
presenting to our institution with SAH and negative initial noninvasive neurovascular examinations during a 5-year period. Two experi-
enced neuroradiologists independently evaluated the NCCT to determine the SAH pattern (diffuse, perimesencephalic, or peripheral
sulcal) and the catheter angiograms to assess the presence of a causative vascular lesion.

RESULTS: Fifty-five patients were included in the study, with a mean age of 58.2 years (median, 58 years; range, 25— 88 years). Twenty-eight
patients were men (50.9%), and 27 were women (49.1%). The initial noninvasive examination was a CTA in 47 patients (85.5%) and an MRA
in 8 patients (14.5%). Thirty-three patients had diffuse SAH (60%); 11, perimesencephalic SAH (20%); and 11, peripheral sulcal SAH (20%). DSA
demonstrated a causative vascular lesion in 6 patients (10.9%), 5 of whom had diffuse SAH (yield of 15.2%) and 1 of whom had peripheral
sulcal SAH (yield of 9.1%). No causative vascular lesions were found in patients with perimesencephalic SAH.

CONCLUSIONS: DSA is a valuable tool in the evaluation of patients with diffuse and peripheral sulcal SAH who have negative initial
noninvasive neurovascular examinations, demonstrating a causative vascular lesion in 15.2% and 9.1% of patients, respectively.

ABBREVIATIONS: CI = confidence interval; DAVF, dural arteriovenous fistula

ontraumatic SAH affects approximately 20,000-30,000 peo-
N ple in the United States each year' and carries up to 45%
thirty-day mortality as well as poor functional outcome among
survivors.>> Although most cases of SAH are caused by ruptured
cerebral aneurysms,4 prior studies have shown that in 5%-36% of
cases, the initial neurovascular examination does not reveal a

causative cerebral aneurysm or other vascular abnormality.®>"
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Prompt identification of patients who have a vascular abnormal-
ity as the cause of SAH despite negative initial neurovascular ex-
aminations is important because instituting treatment may avert
rehemorrhage leading to increased morbidity and mortality.?

In recent years, advances in CTA and MRA have allowed these
techniques to become valuable noninvasive alternatives to DSA
for the evaluation of patients with SAH, with some institutions
advocating CTA as the primary means of diagnosis in this patient
population.?®**** However, DSA continues to be the criterion
standard for the evaluation of patients with SAH and remains the
primary means of diagnosis at many centers.>*?>

Most prior studies have examined the yield of repeat DSA in
patients with SAH who have a negative initial DSA study, which
has varied widely from 0% to 36%.71071416-19:21-28:30.31 T, date,
only 1 study has examined the yield of DSA in patients with a
negative initial CTA, which was 10% in patients with diffuse SAH,
17% in patients with peripheral sulcal SAH, and 0% in patients
with perimesencephalic SAH.*

The present study aimed to determine the yield of DSA for the
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FIG1. A 58-year-old woman with a known allergy to iodinated contrast material who presented with acute onset of severe headache. A, NCCT
demonstrates a diffuse pattern of SAH centered in the posterior aspect of the basal cisterns with extension to the occipital and parietal sulci.
B, MRA source image in the region of the hemorrhage does not demonstrate a causative vascular abnormality. C, Oblique left vertebral
angiogram obtained 1day after the MRA and following premedication with steroids demonstrates a small DAVF deriving arterial supply from an
enlarged meningeal branch of the left vertebral artery (arrow) and with early venous drainage to the straight sinus (arrowheads). The DAVF was

treated with radiosurgery.

detection of causative vascular lesions in a cohort of patients with
SAH who had negative initial noninvasive neurovascular exami-
nations (CTA or MRA).

MATERIALS AND METHODS

Patient Selection and Study Protocol

Our study was approved by the institutional review board of our
hospital and was conducted in compliance with the Health Insur-
ance Portability and Accountability Act. We conducted a retro-
spective review of prospectively collected data of patients who
presented to our institution from January 1, 2007, until December
31,2011, with nontraumatic SAH evidenced by NCCT of the head
or CSF xanthochromia and an initial CTA or MRA that was neg-
ative for a causative vascular abnormality. According to our insti-
tutional protocol, we performed DSA of the intracranial circula-
tion within 24 hours of the initial noninvasive neurovascular
examination; if the findings were negative, a repeat DSA exami-
nation was performed 7 days after presentation to identify a caus-
ative vascular etiology for the SAH.

Image Acquisition
NCCT acquisitions were performed according to standard proto-
cols on 16- (LightSpeed) or 64-section helical CT scanners (Dis-
covery HD; GE Healthcare, Milwaukee, Wisconsin). CTA acqui-
sitions were performed on 16- (LightSpeed) or 64-section helical
CT scanners (Discovery HD) by scanning from the base of the C1
vertebral body to the vertex by using an axial technique, 0.5 pitch,
0.625-mm collimation, 350 maximal mA, 120 kVp (16-section)
or 40- to 140-kVp spectral beam (64-section), 22-cm FOV, and
80-100 mL of iodinated contrast material administered by power
injector at 4—5 mL per second into an antecubital vein by using
SmartPrep (GE Healthcare), a semiautomated bolus tracking
technique.

MRA examinations were performed on either 1.5T or 3T scan-
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ners (Symphony 1.5T, Skyra 3T, or Trio 3T; Siemens, Erlangen,
Germany) by using standard arterial time-of-flight sequences
provided by the vendor.

DSA was performed by using a dedicated biplanar neuroan-
giographic unit (Axiom Artis; Siemens) with transfemoral arterial
access and intravenous conscious sedation. All DSA examinations
included biplanar intracranial images after selective catheteriza-
tion and contrast injection of both external carotid arteries and
ICAs and at least 1 vertebral artery. Standard anteroposterior,
lateral, and at least 2 oblique views of each vessel injected were
obtained as part of our routine imaging protocol. In cases in
which reflux opacification of the contralateral vertebral artery and
PICA was not achieved from a given vertebral artery injection, we
catheterized the contralateral vertebral or subclavian artery for
imaging of the ipsilateral vertebral artery and PICA. Rotational
angiography with 3D reconstructions was performed at the dis-
cretion of the interventional neuroradiologist but is not part of
the routine imaging protocol at our institution.

Image Analysis

The NCCT examinations were independently reviewed by 2 ex-
perienced interventional neuroradiologists to determine the
Fisher grade and pattern of SAH, categorized as diffuse, perimes-
encephalic, or peripheral sulcal. Perimesencephalic SAH was de-
fined as SAH located mainly within the interpeduncular, prepon-
tine, premedullary, ambient, and/or quadrigeminal plate cisterns
without extension to the ventricular system, as defined by van
Gijn et al.*

The DSA examinations were reviewed by 2 experienced inter-
ventional neuroradiologists to determine the presence of a caus-
ative vascular abnormality for the SAH. Differences in reader in-
terpretation for the SAH pattern in the NCCT and the presence of
a causative vascular abnormality in the catheter angiograms were



FIG 2. A 71-year-old man who presented with the worst headache of his life. A, NCCT demonstrates a diffuse pattern of SAH in the basal
cisterns. B, Axial CTA source image was initially interpreted as not demonstrating a causative vascular abnormality for the hemorrhage. In
retrospect, a small aneurysm is present in the lateral aspect of the left internal auditory canal (arrowhead). C, Frontal right vertebral angiogram
obtained 1day after the CTA demonstrates a small pial AVM in the region of the left cerebellopontine angle (arrow) with an associated 2-mm
feeding artery aneurysm from a distal branch of an enlarged left anterior inferior cerebellar artery (arrowhead). The patient underwent
aneurysm coiling followed by radiosurgery of the AVM nidus.

FIG 3. A50-year-old man who presented with sudden onset of severe headache, nausea, and vomiting. A, NCCT demonstrates a diffuse pattern
of SAH with extension to the Sylvian fissures. B, Axial CTA source image did not demonstrate a causative vascular abnormality. C, Oblique right
internal carotid angiogram obtained 1day after the CTA demonstrates a 1.5-mm blister right supraclinoid ICA aneurysm. The patient underwent
endovascular aneurysm treatment with the Pipeline Embolization Device (Covidien/ev3 Neurovascular, Irvine, California).

adjudicated by consensus. Treatment decisions were reached by ~ tion was determined with the k statistic. A P value = .05 was

consensus of a panel comprising experienced interventional neu-  considered statistically significant.

roradiologists and neurologic surgeons.

RESULTS
From January 1, 2007, until December 31, 2011, a total of 302 pa-
tients presented to our institution with nontraumatic SAH. Of

Medical Record Review
Medical records were reviewed for patient age, sex, family history

of cerebral aneurysms, smoking history, admission Hunt and

Hess scale, length of intensive care unit stay, and length of hospital these, 55 patients underwent an initial noninvasive neurovascular

stay. examination that was negative for a causative vascular abnormal-

ity (18.2%), comprising the patient cohort of this study. The ini-

Statistical Analysis

Statistical analysis was performed using the MedCalc, Version
11.1, software package (MedCalc Software, Mariakerke, Bel-
gium). Interobserver agreement for the SAH-pattern categoriza-

tial examination was a CTA in 47 patients (85.5%) and an MRA in
8 patients (14.5%). Mean patient age was 58.2 years (median, 58
years; range, 25—-88 years). Twenty-eight patients were men
(50.9%), and 27 were women (49.1%). The mean length of inten-
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sive care unit stay was 7.7 days (median, 5
days; range, 0-34 days). The mean length
of the hospital stay was 11.3 days (median,
9 days; range, 1-34 days). The On-line Ta-
ble summarizes the clinical and radiologic
characteristics of the patient cohort.

Thirty-three patients had diffuse SAH
(60%), 11 patients had perimesencephalic
SAH (20%), and 11 patients had periph-
eral sulcal SAH (20%). No patients with
CSF xanthochromia were present in our
cohort. Interobserver agreement for the
categorization of SAH on the NCCT was
excellent (k = 0.86; 95% CI, 0.84—0.88).
Of note, 6 of the 8 MRAs (75%) were per-
formed in patients presenting with pe-
ripheral sulcal SAH, and 1 patient with
diffuse SAH had an MRA performed
first because of a known allergy to
iodinated contrast material requiring
premedication.

The mean time interval between the
initial noninvasive neurovascular exami-
nation and the first DSA examination was
0.9 days (median, 1 day; range, 0-7 days).
The first DSA examination demonstrated
a causative vascular lesion for the SAH in
5 patients (9.1%), 4 of whom had diffuse
SAH (yield of 12.1%) and 1 of whom had
peripheral sulcal SAH (yield of 9.1%).
The vascular lesions identified were 2
DAVFs (Fig 1), 1 pial cerebellopontine
angle AVM with a 2-mm feeding artery
aneurysm located in the internal auditory
canal (Fig 2), a 2-mm blister ICA aneu-
rysm (Fig 3), and a case of vasculopathy
due to reversible cerebral vasoconstric-
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FIG 4. A 52-year-old woman with a history of migraine headaches who presented with sudden
onset of severe frontal headache. A, NCCT demonstrates a peripheral sulcal pattern of SAH in
the left frontal region. B, Axial MRA maximum-intensity-projection image does not demon-
strate a causative vascular abnormality. C, Lateral right external carotid angiogram obtained 2

days after the MRA demonstrates multiple segmental areas of luminal narrowing and dilation

tion syndrome in a patient with periph-
eral sulcal SAH (Fig 4). One of the DAVFs
and the blister ICA aneurysm were treated
with endovascular embolization; the
other DAVF was treated with radiosurgery alone. The pial AVM
was treated with endovascular embolization of the feeding artery
aneurysm followed by radiosurgery of the AVM nidus, and the
case of vasculopathy was treated with cessation of the inciting
medication. No causative vascular lesions were found in patients
with perimesencephalic SAH in the first DSA examination.

A second DSA examination was performed in 32 patients
(58.2%), including 23 of the 29 patients with diffuse SAH who had
a negative first DSA examination (79.3%), 7 of the 11 patients
with perimesencephalic SAH (63.6%), and 2 of the 10 patients
with peripheral sulcal SAH who had a negative first DSA exami-
nation (20%). The mean time interval between the initial nonin-
vasive neurovascular examination and the second DSA examina-
tion was 12.1 days (median, 9 days; range, 4—69 days). The second
DSA examination demonstrated a causative vascular abnormality
in 1 patient with diffuse SAH (yield of 4.3%). This lesion was a
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affecting the right superficial temporal artery (arrowheads), consistent with vasculopathy. The
clinical scenario was consistent with reversible cerebral vasoconstriction syndrome. D, Lateral
right external carotid artery angiogram obtained 3 months after cessation of the inciting med-
ication demonstrates resolution of the abnormalities in the right superficial temporal artery.

2-mm anterior communicating artery aneurysm, which was
treated with endovascular embolization (Fig 5). No causative vas-
cular lesions were found in patients with perimesencephalic or
peripheral sulcal SAH in the second DSA examination.

A third DSA examination was performed in 5 patients (9.1%),
all with diffuse SAH. The mean time interval between the initial
noninvasive neurovascular examination and the third DSA exam-
ination was 29.4 days (median, 32 days; range, 12-53 days). No
causative vascular lesions were found in the third DSA
examination.

Overall, DSA demonstrated a causative vascular lesion for the
SAH in 6 patients (yield of 10.9%), 5 of whom had diffuse SAH
(yield of 15.2%) and 1 of whom had peripheral sulcal SAH (yield
of 9.1%). No causative vascular lesions were found in patients
with perimesencephalic SAH.

Retrospective review of the initial CTA and MRA showed that



FIG 5. A 67-year-old woman who presented with sudden onset of severe headache. A, NCCT
demonstrates a diffuse pattern of SAH with extension to the Sylvian fissures and ventricular
system. B, Axial CTA source image did not demonstrate a causative vascular abnormality. C,
Frontal left internal carotid angiogram obtained on the same day as the CTA did not demon-
strate a causative vascular abnormality. D, Frontal left internal carotid artery angiogram ob-
tained 8 days after the initial CTA demonstrates a 2-mm anterior communicating artery aneu-

rysm (arrowhead). The patient underwent aneurysm coiling.

in 1 patient, the causative vascular lesion was evident but not
recognized by the initial reader, and in the other 5 patients, the
vascular lesion was not evident.

DISCUSSION

The frequency of negative initial CTA and MRA in patients with
SAH in our study, 18.2%, is similar to that reported by Agid et al**
in patients with SAH initially evaluated with CTA (22.1%). These
findings suggest that though CTA is a very useful initial noninva-
sive diagnostic tool for the evaluation of this patient population,
there are still a significant minority of patients who will require
further evaluation with DSA due to a negative initial noninvasive
neurovascular examination.

We found that the overall yield of DSA in patients with SAH
and negative initial neurovascular examinations was 10.9%, with
a higher yield in patients with diffuse (15.2%) and peripheral
(9.1%) SAH compared with patients with perimesencephalic
SAH (0%). The overall yield of our study is within the range of

past studies examining the yield of repeat
DSA in patients with SAH and a negative
initial DSA  examination (0%-—
14%"'7°18272931) "hut it is higher than that
in the previous study by Agid et al exam-
ining the yield of DSA in patients with
SAH and a negative initial CTA (4.2%).
The difference in overall yield of DSA be-
tween our study and that of Agid et al*® is
likely explained by the larger proportion
of patients with perimesencephalic SAH
in their patient cohort (48.2%) compared
with that in our study (20%). Indeed, the
yield of DSA in the different SAH patterns
is similar in the study of Agid et al and our
study: 10% and 15% for diffuse SAH, 17%
and 9% for peripheral sulcal SAH, and 0%
for perimesencephalic SAH in both stud-
ies. Similarly, Cruz et al* also found the
yield of DSA in a cohort of 43 patients
with perimesencephalic SAH and a nega-
tive initial CTA to be 0%. These results
suggest that performing conventional an-
giography after a negative CTA may not
be necessary in patients with perimesen-
cephalic SAH. However, a recent study by
Delgado Almandoz et al*® reported find-
ing a causative cerebral aneurysm at re-
peat DSA performed 7 days after presen-
with
perimesencephalic SAH who had negative
initial DSA and CTA examinations (yield
of 3.4%). The combined sample size of

tation in 1 of 29 patients

patients with perimesencephalic SAH and
negative initial neurovascular examina-
tions in these 4 studies is modest (176 pa-
tients), and future prospective studies
with larger sample sizes may be needed to
definitively determine when to stop imag-
ing this specific patient population.

In our study, a second DSA examination performed 7 days
after the initial noninvasive examination yielded positive results
only in patients with diffuse SAH (yield of 4.3%), which was sim-
ilar to that reported by Delgado Almandoz et al*® (yield of 5.1%)
but lower than that reported by Maslehaty et al’" (yield of 10.8%)
in patients with nonperimesencephalic SAH. In both the present
study and that of Delgado Almandoz et al, a third DSA examina-
tion did not reveal any additional underlying neurovascular ab-
normalities. These results suggest that patients with diffuse SAH
would benefit from a second DSA examination performed ap-
proximately 7 days after the initial neurovascular examination but
not from a third DSA examination thereafter.

We found that the causative vascular abnormalities demon-
strated by DSA in our cohort were a combination of DAVFs, small
pial AVMs, small aneurysms, and vasculopathy, which were not
preferentially localized to any particular blood vessel or region of
the skull base. This is in contradistinction to the previous study by
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Agid et al,*® in which small aneurysms and vasculopathy encom-
passed all of the vascular lesions identified by DSA but no DAVFs
or AVMs were found. Our results suggest that detailed evaluation
of the entire neurovascular tree, including the external carotid
artery branches, is important to confidently exclude a vascular
lesion as the SAH etiology in patients with negative initial nonin-
vasive neurovascular examinations.

The limitations of our study are the lack of rotational angiog-
raphy with 3D reconstructions in all catheter angiograms and the
modest sample size.

CONCLUSIONS

DSA is a valuable tool in the evaluation of patients with diffuse
and peripheral sulcal SAH who have a negative initial noninvasive
neurovascular examination, demonstrating a causative vascular
lesion in 15.2% and 9.1% of patients, respectively.
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