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Abstract

Background: A significant proportion of patients with subarachnoid hemorrhage have a normal cerebral angiogram.
Patients with angiographically negative subarachnoid hemorrhage (@anSAH) with either perimesencephalic- (panSAH)
or aneurysmal-pattern hemorrhage (aanSAH, also known as diffuse anSAH) have an excellent prognosis, but only if
underlying vascular abnormalities are completely excluded. The rate of occult aneurysms in patients with aanSAH var-
ies widely across studies. The purpose of this study was to quantify the value of repeat DSA in these patients.

Methods: We reviewed the records of all patients initially diagnosed with aanSAH after a screening DSA at a single
tertiary neurovascular referral center from January 2006—-April 2018. Patients with panSAH and traumatic SAH were
excluded. We also performed a systematic review and meta-analysis of positive second DSAs in previously published
case series of patients with aanSAH who underwent two serial DSAs. For meta-analysis, PubMed Central, MEDLINE
and Cochrane Library databases were searched for pertinent studies up to November 2019. The rate of aneurysm
detection on repeat angiography was extracted from each study. Pooled rates for positive second angiogram were
calculated as untransformed proportions in a binary random-effects model meta-analysis. Inter-study heterogeneity
was calculated using an | statistic.

Results: Three of 27 patients (11.1%) with aanSAH and at least two DSAs were subsequently found to have a cer-
ebral aneurysm in our institutional dataset. Twenty-six studies in our systematic review met inclusion criteria, and the
pooled rate of positive second angiogram was 10.4% (95% Cl 7.3%—13.5%, P<0.001). Substantial inter-study hetero-
geneity was observed in the meta-analysis (¥ =61.7%, P<0.001).

Conclusions: One in 10 patients with aanSAH has an occult ruptured aneurysm. A second-look DSA should be
strongly considered in these cases.

Keywords: Angiographically negative subarachnoid hemorrhage, Non-aneurysmal subarachnoid hemorrhage,
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Introduction

Approximately 10-20% of patients with subarachnoid
hemorrhage (SAH) will have a normal cerebral angio-
gram. Compared to patients with aneurysmal SAH
(aSAH), those with angiographically negative subarach-
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functional outcome and death [1-3].This observation was
initially described in patients with perimesencephalic-
pattern anSAH hemorrhage (panSAH; also termed
pretruncal hemorrhage). Recent studies have shown
that patients with aneurysmal-pattern anSAH (aanSAH;
also known as diffuse-pattern anSAH) may have a more
severe presentation and a greater risk for hydrocephalus
than patients with panSAH but have a good functional
prognosis relative to patients with aSAH [1-3]. Given
that aSAH is associated with higher rates of DCI, in-hos-
pital mortality and poorer functional outcome than aan-
SAH, confirming the absence of an underlying aneurysm
is helpful in prognosticating these patients [1].

Numerous studies have demonstrated that the rate
of a positive findings upon repeat DSA in cases of per-
imesencephalic anSAH is 1% or less [4—6]. However, few
studies have addressed the utility of repeat angiography
in patients with aneurysmal-pattern anSAH, in whom
the likelihood of an occult aneurysm is much higher. In
the literature, different approaches to ruling out occult
pathology in these patients with various combinations
of repeat DSA, CT angiography (CTA), magnetic reso-
nance angiography (MRA) and magnetic resonance
imaging (MRI) of the brain or spine have been described
[7]. In addition to the variable utilization of these imag-
ing modalities, the optimal timing of repeat imaging is
unknown. Studies vary widely in the timing of repeat
imaging with reported intervals ranging between a few
days and several months [e.g., refs 8, 9].

The purpose of this study was to determine the utility
and optimal timing of repeat DSA in patients with aan-
SAH. We present a case series of patients with aanSAH at
a major neurovascular referral center as well as a system-
atic review and meta-analysis of the rate of positive find-
ings on repeat DSA in these patients. Furthermore, we
present a systematic review of the timing of repeat DSA
to determine whether early and late repeat angiography
differ in detecting occult aneurysms.

Methods

Patient Selection

This study was approved by the Institutional Review
Board at Mayo Clinic, Rochester. Due to the observa-
tional design of the study, consent was waived for study
participants. All patients have the option to opt out of
observational research upon initiation of care, and these
patients were not included in the study. Clinical records
from our institution January 2006—April 2018 were
reviewed for all patients diagnosed with aneurysmal or
angiographically negative SAH. Patients with any form
of trauma associated with symptom onset were excluded
from this study. Only patients with aanSAH, or diffuse-
pattern anSAH, were included in this study; patients with

panSAH, peripheral or sulcal SAH only were excluded. In
our practice, all patients with aneurysmal-pattern SAH
are admitted to the neurointensive care unit for treat-
ment. Following initial head CT and DSA, additional
imaging was performed at the discretion of a multidisci-
plinary team of neurointensivists, neuroradiologists and
neurosurgeons. Upon admission, all patients with non-
traumatic SAH were treated according to well-accepted
guidelines for management of aneurysmal SAH [10]. All
patients were presumed to have aneurysmal etiology
upon presentation and were administered standard-dose
tranexamic acid and nimodipine. Once aneurysmal etiol-
ogy was considered “ruled out” by DSA, these interven-
tions were stopped.

Imaging Definitions

In accordance with the original descriptions of anSAH,
patients with focal hemorrhage in front of the brain-
stem with extension into the perimesencephalic cisterns
and with or without limited superior extension into the
suprasellar cistern or medial third of the Sylvian fissure
were diagnosed as having perimesencephalic-pattern
anSAH [2, 3, 11]. Patients with aneurysmal-pattern hem-
orrhage included both patients with diffuse SAH extend-
ing beyond the medial third of the medial Sylvian fissure
as well as more focal areas of hemorrhage consistent with
rupture of an aneurysm of the peripheral anterior, middle
or posterior cerebral arteries (e.g., with extension into the
lateral Sylvian or interhemispheric fissure). Only patients
with aneurysmal-pattern SAH were included for analy-
sis in this study. As the goal of this study was to deter-
mine the utility of repeat angiography, we included only
patients with at least two DSAs in our analysis.

Systematic Review of the Literature

This systematic review was performed in accordance
with PRISMA guidelines [12] and is registered with
the PROSPERO international prospective register
of systematic reviews (ID 143,351; https://www.crd.
york.ac.uk/prospero/). A schematic of the review pro-
tocol is presented in Fig. 2. PubMed Central, MED-
LINE and Cochrane Library databases were searched
in duplicate (CN, KR) for all studies with the terms,
“angiographically negative subarachnoid hemorrhage,’
“perimesencephalic hemorrhage,” “pretruncal hemor-
rhage,” or “non-aneurysmal subarachnoid hemorrhage”
in the title, abstract or keywords. All included stud-
ies were required to define patients as having aneu-
rysmal-pattern SAH, report the number of patients
with aanSAH with at least two DSAs and also report
the number of patients with aanSAH who had a sec-
ond DSA that identified the causative lesion. Studies
that did not distinguish patients based on hemorrhage
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pattern, presented only data on patients with panSAH
or did not present data on the number of patients with
aanSAH and a positive second DSA were excluded.
Only English-language manuscripts were consid-
ered for review. The bibliographies of included stud-
ies as well as pertinent review articles were screened
for additional studies that met inclusion criteria. The
title screen (CN, KR) and data extraction (CN, SO)
were performed in duplicate; any discrepancies were
resolved by consensus. The strength of study quality
was assessed using the Oxford Centre for Evidence-
Based Medicine (OCEBM) grading system (https://
www.cebm.net/2009/06/oxford-centre-evidence-
based-medicine-levels-evidence-march-2009/).

Statistical Comparisons

Pooled rates for positive second angiogram were cal-
culated as untransformed proportions in a binary
random-effects model meta-analysis using weights
according to study size, and inter-study heterogeneity
was calculated with an I? statistic using OpenMetaAn-
alyst (Brown University, Providence, RI; http://www.
cebm.brown.edu/openmeta/#).

Data Availability
Raw data extracted for meta-analysis may be accessed
directly through the Dryad Data Portal (DOI pending).

Results

Incidence of Occult Cerebral Aneurysms and Utility

of Digital Subtraction Angiogram

Between January 2006 and April 2018, 563 patients were
admitted to our institution for treatment of SAH. Initial
DSA was negative in 103 patients (18.3%), of which 36
(35.0%) displayed aneurysmal-pattern SAH. Digital sub-
traction angiography was repeated in 27 patients with
aanSAH (75%) at a median of seven days after the initial
DSA (mean 7.8 days, range 4—15 days). In seven patients
in whom the clinical suspicion of aSAH was low, the ini-
tial DSA was followed by CTA (N=4), MRA (N=2) or
observation (N=1). Two patients with aanSAH were
scheduled for follow-up DSA following discharge and
were lost to follow-up.

Three patients who underwent repeat DSA were
found to harbor cerebral aneurysms that were not
detected on the initial DSA (11.1% false-negative rate
on first DSA; Fig. 1). In all instances, the aneurysm was
2 mm or smaller in maximum diameter. One patient
was found to have a left superior cerebellar artery

without intraventricular hemorrhage. On the night of admission, she became progressively more somnolent with expansion of her ventricular
system, and an external ventricular drain (EVD) was placed. Followed EVD placement, an angiogram was performed which demonstrated no clear
evidence of underlying aneurysm. (bottom left). On post-bleed day (PBD) six, her EVD was removed without issue, and she was transferred out of
the ICU. On PBD 12, repeat angiography demonstrated a 2-mm left pericallosal artery aneurysm which was not discernible on the original DSA. The
patient subsequently underwent craniotomy for clipping of the aneurysm and was dismissed home without complication on post-operative day
five
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pseudoaneurysm, which was treated by embolization of
the parent vessel. An additional patient presented with
a 2-mm aneurysm associated with a perforating artery
from the first segment of the posterior cerebral artery.
This aneurysm was observed and spontaneously throm-
bosed at three-month follow-up. The third patient was
found to have a 2-mm aneurysm arising from the callo-
somarginal artery (Fig. 1). The patient was taken to sur-
gery, which was complicated by intraoperative rupture
not controlled with clip grafting, and the artery was
sacrificed. In both instances following intervention, the
patients recovered without neurologic deficit. On ret-
rospective review of the initial DSAs, the aneurysm was
not visible in two cases and equivocally visible in one.
The final rate of aanSAH was 5.7%.

The overall complication rate for DSAs performed
in this study was 1/63 (1.6%). The complication of
this study was a post-procedural groin hematoma in a
patient who underwent repeat angiography which did
not require operative intervention. When considering
only second angiograms, this translates to a repeat-
angiogram complication rate of 3.7%.

Systematic Review and Meta-Analysis

The literature search returned 555 records. Twenty-six
pertinent studies published between 1996 and 2019 were
detected (Fig. 2, Table 1). [36, 8, 9, 13—35] All data were
extracted from case series of patients with aanSAH who
were followed through time with serial DSAs (OCEBM
evidence level 4). Among all patients with non-traumatic
SAH, the pooled incidence of aanSAH upon presenta-
tion was 6.9% (95% CI 5.4-8.4%; P<0.001; I*=95.3%,
P<0.001). Among 896 patients with aanSAH and a repeat
DSA, repeat DSA revealed an occult lesion in 10.4%
(95% CI 7.3%—13.5%, P<0.001), although there was sub-
stantial inter-study heterogeneity (I?=61.7%, P<0.001;
Fig. 3). In serial leave-one-out analyses, this result
remained significant with a pooled rate range of 9.0-
10.9%; (P<0.001); inter-study heterogeneity remained
substantial (I2>42.8%). The final incidence of aanSAH
following any screening paradigm was 6.1% (95% CI
4.7%—7.5%" P<0.001; ?=95.7%, P<0.001).

Ten studies performed repeat angiography within two
weeks of presentation, two studies performed repeat
angiography 6 weeks or later. The remaining studies
either performed repeat angiography over a broad time
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Table 1 Studies included in the systematic review and meta-analysis

Institution

Total # SAH # aanSAH
patients

with 2+DSAs

#aanSAH
patients
with positive
repeat DSA

Rate of posi-
tive findings
for repeat DSA

Dates of repeat
DSA

Canhao 1995

Kaim 1996

Berdoz 1998
Rogg 1999

Hashimoto 2000

Khan 2002

Topcuoglu 2003

Jung 2006

Little 2007

Andaluz 2008

Gupta 2009

Agid 2010

Fontanella 2011

Maslehaty 2011

Delgado Alman-
doz 2012

Yu 2012

1985-1992

1990-1994

1985-1995

1991-1996

1995-1999

1998-2000

1995-2002

1986-2004

2003-2006

1998-2003

2005-2006

2005-2009

1991-1999

1991-2008

2005-2010

2005-2012

Hospital St.
Maria, Portugal

University Hospi-
tal, Switzerland

University Hospi-
tal, Switzerland

Brown University,
USA

Okanami Gen-
eral Hospital,
Japan; Nara
Medical Uni-
versity, Japan

University Hos-
pital Zurich,
Switzerland

Massachusetts
General Hospi-
tal, USA

Yonsei Univer-
sity; Seoul
National Medi-
cal Center,
South Korea

Barrow
Neurological
Institute, USA

University of
Cincinnati,
Mayfield Clinic,
USA

Postgradu-
ate Institute
of Medical
Education and
Research, India

University of
Toronto,
Canada; Karo-
linska Institute,
Sweden

University of
Torino, Italy

University Hospi-
tals Schleswig—
Holstein,
Germany

Washington Uni-
versity, USA
Yeungnam Uni-

versity, South
Korea

Not stated

214

359

Not stated

126

168

806

3214

440

719

353

912

882

1068

1215

904

14

36

37

42

47

43

28

72

120

39

31.8%

6.3%

21.4%

12.5%

22.2%

11.1%

45.9%

11.9%

14.9%

4.7%

14.3%

12.5%

10.8%

5.1%

16.7%

Not stated

5 - 55 days after
ictus (mean
15 days)

1-5 weeks after
initial study

Not stated

Approximately
2 weeks after
initial DSA

No overall range
presented;
positive repeat
DSAs occurred
at 0 days (after
early rebleed),
17 days and
4 months

Range 3-36 days
after ictus (mean
12 days)

Not stated

1 week after initial
DSA

Not stated

6 weeks after first
DSA

Not stated

11-20 days after
ictus

Not stated

7 days after ictus

5-13 days after
initial DSA (mean
8.2 days)
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Table 1 (continued)

OCEBM
grade

Institution Total # SAH

#aanSAH
patients
with 2+DSAs

#aanSAH
patients
with positive
repeat DSA

Rate of posi-
tive findings
for repeat DSA

Dates of repeat
DLV,

Thomas Jeffer- Not stated
son University,

USA

Abbott
Northwestern
Hospital, USA

Dalyai 2013 2003-2011

Delgago Alman-  2007-2011 302

doz 2013

Khan 2013 2008-2012 Queen Square 459
Hospital;

University Col-

lege London,

England

Hadassah-
Hebrew Uni-
versity Medical
Center, Israel

Moscovici 2013 2005-2011 280

Zhong 2014 2009-2012 Shandong Uni-  Not stated
versity, Jinan,

China; Sichuan

University,

China
University Medi-

cal Center,

Netherlands

Bakker 2014 2005-2011 1051

Kumar 2014 2011-2013 Sanjay Gandhi 178
Postgraduate
Institute of

Medical Sci-

ences, India

Yap 2015 2007-2013 Royal Hallam- Not stated
shire Hospital,

England

Bashir 2018 Aarhus Univer- 639
sity Hospital,

Denmark
Mayo Clinic, USA

2011-2017

Nesvick 2019 2006-2018 563

13

23

31

27

45

17 0

1 week after initial
DSA

6 17 12.5%

1 4.3% 4-69 days after
presentation
(mean 12.1 days,

median 9 days)

0 0% 3-89 days (mean
23 days), not
otherwise speci-

fied

2 6.5% 7-10 days after

initial DSA

14.8% Not stated

0 0% 14 days after initial

DSA

11.8% 6 weeks, not oth-

erwise specified

0% No overall range
presented;
typically prior
to patient dis-
charge

5% 7-10 days after ini-
tial DSA (median

9 days)

4-15 days after
initial DSA (mean
7.8 days, median
7 days)

11.1%

window or did not present data on timing of repeat angi-
ography. Studies that repeated a DSA within two weeks
of presentation had a pooled detection rate of 8.1% (95%
CI 4.1-12.1%; P<0.001; ?=58.4%, P=0.010), and those
that repeated it six weeks or later after presentation
had a pooled detection rate of 5.7% (P=0.056; P=0,
P=0.400).

Discussion

About one in 10 patients who present with aneurysmal-
pattern SAH and a negative initial DSA will have an
occult aneurysm on repeat DSA. The yield of the second

DSA does not appear to increase beyond 2 weeks, and
therefore, performing a repeat DSA within this early
interval is reasonable. Although heterogeneity across
studies limits the reliability of the combined estimates,
there is enough information to conclude that a second
DSA should be strongly considered in patients with
aneurysmal-pattern anSAH.

Based on the results of this study, about 6% of patients
with a pattern of hemorrhage compatible with a rup-
tured aneurysm will have no identifiable abnormality on
imaging. The etiology of anSAH is not clear, but the most
widely accepted hypothesis is that it represents a venous
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Studies Estimate (95% CI) Rate of + 2nd DSA

Canhao et al 1995 0.167 (0.000, 0.588) 0/2

Kaim et al 1996 0.318 (0.124, 0.513) 7/22

Berdoz et al 1998 0.062 (0.000, 0.181) S5 U J T E——

Rogg et al 1999 0.214 (0.000, 0.429) 3/14

Hashimoto et al 2000 0.125 (0.000, 0.354) 1/8

N. Khan et al 2002 0.222 (0.000, 0.494) 2/9

Topcuoglu et al 2003 0.111 (0.008, 0.214) 4/36 -

Jung et al 2006 0.459 (0.299, 0.620) 17/37 -

Little et al 2007 0.119 (0.021, 0.217) 5/42 —_—l

Andaluz et al 2008 0.149 (0.047, 0.251) 7/47 -

Gupta et al 2009 0.047 (0.000, 0.109) 2/43 —f—t

Agid et al 2010 0.143 (0.013, 0.272) 4/28 -

Fontanella et al 2011 0.125 (0.049, 0.201) 9/72 —

Maslehaty et al 2011 0.108 (0.053, 0.164) 13/120 —a

Delgado Almandoz et al (1) 2012 0.051 (0.000, 0.121) 2/39 —@——

Yu et al 2012 0.167 (0.000, 0.378) 2/12 -

Dalyai et al 2013 0.125 (0.069, 0.181) 17/136 —.-

Delgado Aimandoz et al (2) 2013 0.043 (0.000, 0.127) 1/23 —&%—

A Khan et al 2013 0.071 (0.000, 0.262) 0/6 -

Moscovici et al 2013 0.065 (0.000, 0.151) 2/31 —8——

Zhong et al 2014 0.148 (0.014, 0.282) 4/27 -

Bakker et al 2014 0.011 (0.000, 0.041) or4s

Kumar et al 2014 0.118 (0.000, 0.271) 2/17 -

Yap et al 2015 0.028 (0.000, 0.104) 0/17 —f—

Bashir et al 2018 0.050 (0.000, 0.146) 1/20 ——@%——

Nesvick et al 2019 0.111 (0.000, 0.230) 3/27 -

Overall (1"2=6170 % , P< 0.001) 0.104 (0.073, 0.135) 109/896 -
r T T T T T 1
4] 0.1 02 03 04 05 06

Rate of + 2nd DSA
Fig. 3 Forest plot of included studies

hemorrhage. This is supported by the observation that
about half of patients with perimesencephalic anSAH
have “primitive” drainage of the basal vein of Rosenthal
directly to a dural venous sinus on at least one side, about
twice as frequently as patients with aSAH [36]. Similar
findings have not been specifically documented in aneu-
rysmal-pattern anSAH, however.

Since about 10% of patients with aanSAH will have a
detectable aneurysm on repeat DSA, it is possible that
a proportion of these patients harbor a ruptured aneu-
rysm that obliterates upon rupture or remains occult by
conventional imaging techniques. However, indirect evi-
dence for a venous etiology comes from the low risk of
DCI in aanSAH, which is triggered by adventitial expo-
sure to oxyhemoglobin after rupture of arterial aneu-
rysms [1, 37-39]. Additionally, the functional outcomes
and mortality risk in aneurysmal-pattern anSAH parallel
those of perimesencephalic anSAH much more closely
than aSAH, which might indicate a shared etiology [1].
Further imaging studies are necessary to further eluci-
date specific etiologies of aanSAH, and prior studies of
patients with panSAH offer clues of potential patholo-
gies in patients with more diffuse hemorrhage. Specifi-
cally, intramural arterial dissection has been observed in
patients with perimesencephalic anSAH [40]. Similarly,

arteriovenous malformations, aneurysms and pseudoa-
neurysms of the spine may initially present as anSAH,
but this is a very uncommon, and most patients have a
physical exam and presentation consistent with a spinal
lesion, such as sudden-onset pain localized to the level of
the lesion [7, 41]. The most common definitive etiology
for anSAH is an occult cerebral aneurysm, and a repeat
DSA remains the gold standard for diagnosis. One prior
systematic review and meta-analysis estimated the rate of
positive findings on repeat DSA in patients with diffuse-
pattern anSAH to be 10.0% [15]. However, that study cap-
tured significantly fewer patients than the one presented
here, did not account for inter-study heterogeneity and
included one study that reported no data on the pattern
of hemorrhage of patients with anSAH [42]. Addition-
ally, although hampered by inter-study heterogeneity, our
study was able to capture additional data on the optimal
timing of repeat DSA. The initial DSA may be negative
for a variety of reasons, including errors in interpretation,
insufficient vessel imaging (e.g., three- versus four-vessel
angiography) and the innately transient nature of imaging
features of blister aneurysms. While limited, the available
data suggest that early repeat DSA is at least non-inferior
to delayed DSA, but several data-specific factors limit
the scope of any further conclusions on this issue. Only
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two studies specifically presented data on more delayed
imaging (i.e., 6 weeks), and seven studies presented no
data on timing of repeat DSA at all (Table 1). Several
studies presented a wide range of timing for repeat DSA,
but none of these presented data on the aneurysm detec-
tion rate between subgroups based on timing. Therefore,
it is currently not possible to quantify the benefit of one
time point over another, and further study is needed to
address this important question. Additionally, timing of a
repeat study may simply capture aneurysms that are dis-
tinctly visible at different time points [5].

Our study has several limitations. First, there is sig-
nificant inter-study heterogeneity. The observed rates of
both aneurysmal-pattern anSAH prevalence and posi-
tive second DSA vary across studies, even amongst more
recent ones, suggesting that imaging quality and the
definition of aanSAH differ substantially between stud-
ies. Inclusion criteria based on hemorrhage pattern likely
varied between studies as evidenced by the numerous
terms used to describe these patients in the literature.
Our own case series is limited by its retrospective nature
and relatively small cohort size. Nevertheless, the con-
sistency of our results with those reported elsewhere in
the literature lends external validity to the original data
presented here. Our study does not allow us to estimate
the yield of other diagnostic modalities (notably, non-
invasive angiography), but given the very small size and
difficult visualization of these occult aneurysms, it is
highly unlikely that they could be detected with imaging
of lower sensitivity than DSA.

Conclusions

Our institutional experience and meta-analysis of avail-
able data demonstrate about one in ten patients with
aneurysmal-pattern anSAH will have a causative lesion
identified on repeat DSA. A second DSA should strongly
be considered in patients with a diffuse pattern of hemor-
rhage. Limited data do not suggest a benefit to delaying
the repeat study beyond two weeks from ictus.
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