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ABSTRACT

BACKGROUND AND PURPOSE: Computed tomography angiography offers a non-invasive alternative to DSA for the assessment of
cerebral vasospasm following subarachnoid hemorrhage but there is limited evidence regarding its reliability. Our aim was to per-
form a systematic review (Part I) and to assess (Part II) the inter- and intraobserver reliability of CTA in the diagnosis of cerebral
vasospasm.

MATERIALS AND METHODS: In Part I, articles reporting the reliability of CTA up to May 2018 were systematically searched and
evaluated. In Part II, 11 raters independently graded 17 arterial segments in each of 50 patients with SAH for the presence of vaso-
spasm using a 4-category scale. Raters were additionally asked to judge the presence of any moderate/severe vasospasm ($ 50%
narrowing) and whether findings would justify augmentation of medical treatment or conventional angiography 6 balloon angio-
plasty. Four raters took part in the intraobserver reliability study.

RESULTS: In Part I, the systematic review revealed few studies with heterogeneous vasospasm definitions. In Part II, we found inter-
rater reliability to be moderate at best (k # 0.6), even when results were stratified according to specialty and experience. Intrarater
reliability was substantial (k . 0.6) in 3/4 readers. In the per arterial segment analysis, substantial agreement was reached only for
the middle cerebral arteries, and only when senior raters’ judgments were dichotomized (presence or absence of $50% narrowing).
Agreement on the medical or angiographic management of vasospasm based on CTA alone was less than substantial (k # 0.6).

CONCLUSIONS: The diagnosis of vasospasm using CTA alone was not sufficiently repeatable among observers to support its gen-
eral use to guide decisions in the clinical management of patients with SAH.

ABBREVIATION: EBM ¼ Evidence-Based Medicine

Cerebral vasospasm is the main cause of delayed cerebral is-
chemia after rupture of an intracranial aneurysm.1-3 To

detect and manage vasospasm, CTA and DSA are commonly
used, particularly in comatose or sedated patients, to guide the

use of medical and/or endovascular interventions that aim to pre-
vent poor outcomes.3,4 The reliability of CTA in this context has
not been rigorously evaluated.5-8

This article is divided in 2 parts. First, we systematically
reviewed the literature on the CTA evaluation of vasospasm with
emphasis on grading classifications and interobserver reliability.
Second, we performed a local reliability study to assess whether
clinicians agreed in making the diagnosis of moderate or severe vas-
ospasm using CTA and in recommending further investigations or
treatments based on CTA results in a series of 50 patients.

Received October 18, 2019; accepted after revision January 27, 2020.

From the Radiology Department (L.L.-G., B.F., M.K., F.G., A.D., D.R., A.W., M.L., C.B.,
M.B., D.L., L.N., A.T., J.R.), Centre Hospitalier de l’Universite de Montreal (CHUM),
Centre de Recherche du CHUM (CRCHUM), Universite de Montreal, Montreal,
Quebec, Canada; Neurosurgery Division, Surgery Department (R.J.), Centre
Hospitalier de l’Universite de Montreal, Universite de Montreal, Montreal, Quebec,
Canada; Department of Surgery (T.E.D.), Division of Neurosurgery, University of
Alberta Hospital, Edmonton, Alberta, Canada; Statistical Consultation Services
(M.C.), Department of Mathematics and Statistics, Universite de Montreal, Quebec,
Canada; and Laboratoire Clinique du Traitement de l’Image (C.K.), Centre de
Recherche du Centre Hospitalier de l’Universite de Montreal, Universite de
Montreal, Montreal, Quebec, Canada.

Preliminary results previously presented at: Annual Meeting of the Eastern
Neuroradiological Society, August 22–25, 2019; Brooklyn, New York.

Laurent Letourneau-Guillon received Can $1125.00 from the ninth competition of
the Program de Support Professoral du département de radiologie, radio-
oncologie et médecine nucléaire de l’Université de Montréal to cover statistical
analysis fees (internal funding program).

Please address correspondence to Laurent Letourneau-Guillon, MD, Pavillon D,
1051, Rue Sanguinet, porte D03.5481, Montreal (Quebec) H2X 0C1 Canada; e-mail:
laurent.letourneau-gillon.1@umontreal.ca

Indicates article with supplemental on-line appendix and tables.

Indicates article with supplemental on-line photos.

http://dx.doi.org/10.3174/ajnr.A6462

612 Letourneau-Guillon Apr 2020 www.ajnr.org

https://orcid.org/0000-0002-6325-7538
https://orcid.org/0000-0003-0420-1005
https://orcid.org/0000-0003-4662-1550
https://orcid.org/0000-0002-6123-2767
https://orcid.org/0000-0002-7866-0493
https://orcid.org/0000-0002-2291-9566
https://orcid.org/0000-0002-1778-5057
https://orcid.org/0000-0002-6066-4453
https://orcid.org/0000-0002-0281-6201
https://orcid.org/0000-0002-5327-5740
https://orcid.org/0000-0003-3152-5865
https://orcid.org/0000-0003-1590-6406
https://orcid.org/0000-0002-4435-1836
https://orcid.org/0000-0003-2680-8916
https://orcid.org/0000-0003-4680-359X
https://orcid.org/0000-0003-4102-2006
https://orcid.org/0000-0003-3616-5600
https://orcid.org/0000-0003-1978-4274
mailto:laurent.letourneau-gillon.1@umontreal.ca
http://dx.doi.org/10.3174/ajnr.A6462


MATERIALS AND METHODS
Part I: Systematic Review
Classification systems used to quantify the degree of vasospasm
with DSA and/or CTA and intra-/interobserver agreement stud-
ies on the diagnosis of vasospasm using CTA were systematically
reviewed. A detailed protocol for the search strategy was prepared
according to the Preferred Reported Items for Systematic
Reviews and Meta-Analysis statement.9 The EMBASE, CINAHL,
Evidence-Based Medicine (EBM), Cochrane, and MEDLINE
databases were searched with no starting date specification, cap-
turing English and French publications up to May 3, 2018. The
search strategy is available in On-line Tables 1–5. One author
(B.F.) tested the search strategy for its ability to recover perti-
nent articles. The data were collected and reviewed in detail by
2 authors with 5 and 6 years of experience, respectively (B.F.
and L.L.-G.). Discrepancies were resolved by consensus.

Part II: Reliability Study
The Guidelines for Reporting Reliability and Agreement Studies
were followed.10 The Centre de Recherche du Centre Hospitalier
Universitaire de Montreal review board waived informed consent
to access the patients’ clinical and radiologic data. Written
informed consent was obtained from all raters participating in
the study.

Patients.We assembled a portfolio of 50 patients. The number of
patients was predefined using the method of Donner and
Rotondi11 and the kappaSize package12 in R, Version 3.4.4
(https://www.r-project.org/),13 taking into account pragmatic fac-
tors such as the willingness of observers to complete segment-by-
segment evaluations.

All consecutive patients presenting to our institution from
January 2005 to May 2017 with nontraumatic nonperimesence-
phalic SAH14 and who had undergone at least 2 CTAs (one on
admission, the other follow-up CTA performed 2–21 days later
to assess the presence of vasospasm) were retrospectively recov-
ered from our radiology information system. The 2- to 21-day
interval was chosen to cover the typical vasospasm window,
assuming that the initial CTA could potentially be delayed by up
to 24 hours since the onset of symptoms.4,15,16 The admission
CTA was used as a reference when evaluating vasospasm on fol-
low-up CTA.7,8 To minimize the issue of the k paradox, CTAs
were chosen in approximately equal proportions of vasospasm se-
verity with reference to the official radiology report.17-19 We did
not exclude examinations degraded by coil or clip artifacts unless
the study was rendered nondiagnostic (1 patient with 3 coiled
aneurysms). All radiologic studies were de-identified and sent to
the PACS for this study. The retrieved clinical information
included demographic data (age, sex) and initial SAH-related
patient characteristics (Hunt and Hess scale,20 hydrocephalus,
ventricular drainage, craniectomy, anatomic location of the cul-
prit vascular lesion causing the SAH, type of treatment of the vas-
cular lesion) as well as the reason for performing the follow-up
CTA in search of vasospasm and the time delay between the ini-
tial and follow-up CTA. One author (L.L.-G.) retrospectively
graded each admission noncontrast head CT for SAH using the
modified Fisher scale.21

Readers. Eleven clinicians involved in the diagnosis and manage-
ment of vasospasm, from different specialties (radiology, neuro-
surgery) and with different levels of experience in the
management of vasospasm from our institution participated in
the study. Readers were stratified by experience as junior (resi-
dents and fellows) or senior (attending physicians with $5 years
of experience; range, 5–35 years).

Evaluations and Categories. For each case, readers were asked to
grade the degree of vasospasm of 17 arterial segments on a 4-cate-
gory scale (none, mild [,50%], moderate [50%–74%], and severe
[$75% narrowing]) compared with the initial CTA.8,22 Arterial
segments were predefined as proximal (intracranial internal ca-
rotid arteries, A1, M1, and P1 segments, basilar and vertebral
arteries) or distal (A2–3, M2–3, P2–3 segments), as previously
reported.7 For each patient, there were 3 additional questions
(yes/no): 1) Is there moderate-severe vasospasm at any location?
2) Presuming the presence of a new neurologic deficit corre-
sponding to the territory of the artery affected by vasospasm,
would you recommend a change in medical management? 3)
Would you recommend DSA with or without balloon angio-
plasty? The latter 2 clinical decisions were based on the readers’
clinical experience.

All the aforementioned readings were performed using only
the pair of de-identified admission and follow-up CTAs, with the
reader blinded to the initial report, other clinical information, or
follow-up imaging as well as other reader assessments. For the
intrarater portion of the study, all cases were read a second time
by 4 raters. The second set of readings was permutated and per-
formed at least 4 weeks following the initial readings to minimize
recall bias.

CTAs. All CTAs were performed on a 64-section Somatom
Sensation scanner (Siemens, Erlangen, Germany), using 60-
mL injections of iohexol (350 mg iodine per millimeter,
Omnipaque; GE Healthcare, Piscataway, New Jersey), followed
by a 30-mL saline bolus at 5 mL/s. Scanning parameters were
120-kV tube voltage, 250 mAs, pitch of 0.6, section thickness
of 0.6 with 0.4-mm intervals from C2 to the vertex, matrix of
512 � 512, FOV of 30–32 cm. Minimal reformations were
(section thickness/increments): 1/1-mm axial MPR images,
3/1-mm coronal and sagittal MIP images, as well as 30/3-mm
axial MIP images.

Data Analyses. Intra- and interobserver reliability statistics were
computed using STATA/IC, Version 14.2 (StataCorp, College
Station, Texas) and R13 using the irr package23 under the supervi-
sion of a statistician (M.C.). Cohen and Fleiss k reliability coeffi-
cients were calculated for intraobserver and multirater interobserver
analyses, respectively, using 1000 bootstrap samples (bias-corrected)
to obtain 95% confidence intervals. In the per-patient analysis, the 3
main questions generated dichotomous results (yes/no). In the per-
segment analysis, the 4-point grading system for vasospasm (none,
mild, moderate, severe) generated an ordinal scale (0–3). We did
not add weightings to the k calculation for the latter data. This scale
was then dichotomized (none-mild versus moderate-severe,
corresponding to ,50 versus $50% arterial narrowing) for a
secondary analysis. An exploratory analysis was also performed,
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removing all arterial segments obscured by clip or coil artifacts.
All k coefficients were stratified according to experience (junior
versus senior) and specialty among senior readers (diagnostic
versus interventional neuroradiology). k coefficients were inter-
preted using Landis and Koch guidelines,24 predefining k . 0.6
as “substantial agreement.”

RESULTS
Part I: Systematic Review
A total of 5761 titles were reviewed, 2780 abstracts were exam-
ined, and 304 full-text articles were read in detail, leaving 14
articles for the systematic review (On-line Fig 1). In these studies,
8 different classification systems were used (with 3–5 categories)
with various arbitrary cutoffs (On-line Table 6). All 14 were diag-
nostic accuracy studies, but 3 also assessed interobserver agree-
ment on cerebral vasospasm using CTA. One of the interobserver
variability studies had 3 raters, while the other 2 studies had 2.
No study assessed intraobserver reliability. Results are summar-
ized in On-line Table 7. The degree of blinding of the raters was
not reliably reported. The paucity of data and the heterogeneity
of methods and end points precluded the performance of a meta-
analysis.

Part II: Reliability Study
Patients and their characteristics are summarized in Table 1
and On-line Fig 2, respectively. The CTAs were performed
between March 27, 2008, and April 6, 2017. The mean time
interval between the initial and follow-up CTA was 7.1 days
(range, 2–15 days). Characteristics related to follow-up CTAs
as well as subsequent vasospasm management are summarized
in Table 2.

The 11 readers were 3 interventional neuroradiologists
(.15 years of experience each in evaluating CTAs for vaso-
spasm), 3 diagnostic neuroradiologists (15, 12, and 5 years
of experience), 2 interventional neuroradiology fellows, 2
senior diagnostic radiology residents, and 1 senior neuro-
surgery resident.

The interobserver agreement for the detection of moderate-
to-severe vasospasm ($50% narrowing in any segment) was only
fair (k = 0.340; 95% CI, 0.232�0.462) for all raters (Fig 1, data in
On-line Table 8). Agreement between senior raters improved to
moderate (k = 0.433; 95% CI, 0.266–0.582). Perfect agreement
was found for few patients: Six of 50 (12%) patients were judged
by all raters to have moderate-severe vasospasm, while 3/50 (6%)
were judged by all raters not to have any vasospasm. These pro-
portions improved slightly when only senior readers were consid-
ered, reaching 7/50 (14%) and 16/50 (32%), respectively. There
were significant differences (p , .001) in the proportions of
patients judged to have moderate-to-severe vasospasm between
junior and senior raters, as well as between diagnostic and inter-
ventional neuroradiologists (On-line Table 9 and On-line
Fig 3A).

Interobserver agreement regarding augmentation of medical
treatment based on CTA alone was fair (k = 0.245; 95% CI,
0.179–0.336) (Fig 1, data in On-line Table 8). Interobserver agree-
ment on recommending DSA 6 balloon angioplasty based on
CTA alone was also fair (k = 0.272; 95% CI, 0.159–0.415)

(Fig 1, data in On-line Table 8). There were only 2/50 (4%) cases
in which all raters agreed that DSA 6 angioplasty should be per-
formed (On-line Fig 3C).

Table 1: Baseline demographics, clinical, and radiologic
characteristics of the patientsa

Characteristics
Age (median) (range, IQR) (yr) 60 (38–88, 56–69)
Female sex 27 (54)
Hunt and Hess scale

1 5 (10)
2 12 (24)
3 8 (16)
4 17 (34)
5 8 (16)

Hydrocephalus 47 (94)
EVD placement 38 (76)
Craniectomy 4 (8)
Modified Fisher scale

1 1 (2)
2 8 (16)
3 2 (4)
4 39 (78)

Treatment of culprit vascular lesion
Endovascular 39 (78)
Surgical 9 (18)
Noneb 2 (4)
.1 Lesion treatedc 3 (6)

Ruptured aneurysm/lesion locationd

Anterior communicating artery 19 (38)
Posterior communicating artery 8 (16)
Middle cerebral artery bifurcation 6 (12)
PICA 6 (12)
Carotid ophthalmic 3 (6)
Pericallosal 2 (4)
Basilar tip 1 (2)
Carotid terminus 1 (2)
Posterior cerebral artery (P1) 1 (2)
Vertebral artery dissection 1 (2)
Noneb 2 (4)

Note:—IQR indicates interquartile range; PICA, posterior inferior cerebellar artery;
EVD, external ventricular drain.
a Data in parentheses are percentages except where indicated.
b No culprit lesion identified on repeat DSA examinations.
c Three aneurysms, 2 treated by endovascular coiling, and 1, by surgical clipping.
d In case of.1 treated aneurysm, this reflects the most likely source of hemorrhage.

Table 2: Vasospasm-related characteristicsa

Characteristics
Reason to perform follow-up CTA (vasospasm assessment)

Altered level of consciousness 14 (28)
New neurologic deficit 12 (24)
Raised intracranial pressure 4 (8)
New ischemic lesion on CT 2 (4)
None other than rule out vasospasm 18 (36)

Vasospasm severity according to original CTA reports
None 10 (20)
Mild 17 (34)
Moderate 18 (36)
Severe 5 (10)

Invasive vasospasm management performed following
CTA
DSA 4 (8)
Intra-arterial milrinone 1 (2)
Angioplasty 0 (0)

a Data in parentheses are percentages except where indicated.
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The segment-by-segment analysis evaluating the presence of
moderate-severe vasospasm did not reach substantial agreement
for any arterial segment when considering all raters (On-line

Fig 4, full data in On-line Tables 11
and 12). Judgments regarding proxi-
mal segments (M1, A1, vertebral and
basilar arteries) were, in general, more
repeatable than judgments regarding
distal segments, with the exception of
the internal carotid artery, for which
agreement remained only slight.
When only senior raters were consid-
ered, agreement for the presence of
moderate-severe vasospasm (dichoto-
mous scale) in the M1 segments
improved to substantial (On-line Fig
4D). Examples of maximal agreement
and maximal disagreement for the
M1 segments are illustrated in On-
line Fig 5.

An exploratory analysis was con-
ducted to examine the role of metal
artifacts from endovascular coils or
surgical clips in affecting the repeat-
ability of diagnoses. Thirty-six A1, 13
A2–A3, 11 ICA, and 7 M1 segments
were excluded from this analysis,
retaining only arterial segments that
were not obscured by artifacts (On-line
Fig 6, full data in On-line Table 13). k
coefficients remained below the 0.6
threshold, except for the left M1 seg-
ment, which reached the substantial
agreement threshold among all
observers.

Four observers completed the intra-
observer study (3 interventional neuro-
radiologists and 1 radiology resident).
Intraobserver reliability was “substan-
tial” (k . 0.6) in 3/4 readers (Fig 2,
data in On-line Table 10) for the detec-
tion of moderate-to-severe vasospasm.
For the management recommenda-
tions based on imaging findings, intra-
observer reliability was substantial for
3 readers for medical management and
for 2 readers for the decision to per-
form DSA.

DISCUSSION
The systematic review revealed a wide
variation in grading systems of vaso-
spasm. In addition, few studies eval-
uated the reliability of CTA for the
diagnosis of vasospasm. Most reports
were primarily diagnostic accuracy
studies, dedicated to a comparison

with DSA, while agreement studies were limited to 2–3 raters.
The relatively good agreement between readers in these stud-
ies could not be confirmed in our center.

FIG 1. Interreader reliability coefficients (95% confidence intervals) including all subgroups (sen-
ior, junior, interventional, and diagnostic neuroradiologists) for the 3 main questions: detection
of moderate-severe vasospasm in any arterial segment ($ 50% narrowing), recommendations of
medical treatment augmentation, and DSA 6 angioplasty based on imaging findings. The hori-
zontal dashed line indicates the threshold for substantial agreement (k . 0.6). INR indicates
interventional neuroradiology; DNR, diagnostic neuroradiology.

FIG 2. Intrareader reliability coefficients for the 3 main questions (95% confidence intervals)
among 4 observers: detection of moderate-severe vasospasm in any arterial segment ($ 50%
narrowing), recommendations for medical treatment augmentation, and DSA 6 angioplasty
based on imaging findings. The horizontal dashed line indicates the threshold for substantial
agreement (k . 0.6).
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The main finding of our reliability study, which included a
higher number of observers and wider range of experience com-
pared with prior reports, is that the reliability of CTA alone in the
diagnosis of moderate-to-severe cerebral vasospasm was not sub-
stantially repeatable between observers, even when verdicts were
dichotomized and even when analyses were restricted to experi-
enced raters.

This problem has previously been identified.25 When a nonin-
vasive imaging test is proposed to replace a more invasive one
(here conventional angiography), the emphasis is usually placed
on diagnostic accuracy, rather than on studying the repeatability
of judgments made with the new imaging technique by multiple
observers.10,25 A major difficulty is the shift in the clinical
spectrum of patients who are undergoing the test, which nat-
urally occurs as the imaging test becomes widely accepted in
routine clinical applications. Initially, for the diagnostic accu-
racy studies, the new test is likely to be compared with DSA
for patients on the “severe” end of the spectrum (patients for
whom DSA is judged to be indicated). Later on, at the time of
clinical usage, the less invasive test is increasingly used in
patients who have less severe disease, for whom DSA would
not necessarily be performed. The consequence is that the rel-
atively good interobserver agreement typically found between
2 or 3 expert raters in early diagnostic accuracy studies can-
not be reproduced in real-world practice.

The poor repeatability of CTA judgments on vasospasm
may not be surprising when one considers a number of unre-
solved problems. Despite the fact that CTA has been used for
decades in the diagnosis of post-SAH cerebral vasospasm,
there is no consensus on diagnostic criteria and our system-
atic review revealed a wide range of grading scales with vari-
ous arbitrary cutoff values. Whether observers can reliably
differentiate 25% or 30% luminal narrowing is questionable,
given the small caliber of arteries and the limited spatial reso-
lution of CTA. Even if precise and reliable measurements
were possible, there is no agreement on which baseline refer-
ence value should be used. Some authors, similar to our
study, use the baseline examination (when available) as a ref-
erence while others use the ipsilateral or contralateral “unin-
volved” arteries. Various methods (eyeballing versus measuring
with a caliper, for example) are commonly used. The rationale for
various grading scales and the exact procedural methodology have
not been clearly stated or validated.

In general, scales should be valid, reliable, and clinically rele-
vant.26 A scale that is too complex or that introduces too many
categories is less repeatable, leaving too much room for variations
in interpretation by different observers. There is also no standar-
dized way to summarize the findings of each arterial segment in 1
global verdict that concerns the individual patient. We chose a
grading system that had been used previously.8,22 We also prede-
fined a 50% diameter narrowing cutoff to explore whether better
agreement could be achieved by simplifying responses through
dichotomization and also because the 50% threshold has been
suggested to correlate with decreased cerebral perfusion in the
setting of cerebral vasospasm.2,27-29 Further exploration of the
diagnostic value of other threshold values may be warranted,
given the low reliability found in the current study as well as

possible lack of specificity of the 50% narrowing cutoff to predict
ischemia.15,28,30

The primary end point of the study was the identification of
moderate-to-severe vasospasm in any arterial segment for a given
patient. If agreement between observers failed to reach the sub-
stantial (k . 0.6) threshold, even for experienced raters, at least
the intrarater agreement was better for most readers. There
remains hope that better interobserver agreement could be
attained, at least for major proximal arterial segments (excluding
the carotid arteries), with more precise definitions and standar-
dized procedures.

No matter how vasospasm is interpreted, the most impor-
tant questions concern the clinical relevance of the CTA ver-
dict. We were interested in exploring whether agreement
existed, if not for the grade of vasospasm, at least for the clini-
cal significance of the CTA findings in terms of whether med-
ical treatment should be increased or whether DSA 6 balloon
angioplasty should be performed. We were careful not to pro-
vide clinical information that could bias the interpretation of
the clinical history by different observers.31 Despite this
effort and contrary to a previous report,7 interrater agree-
ment remained below the substantial level.

A striking finding was the difference in the severity of vaso-
spasm adjudicated by readers of different experiences and special-
ties. Diagnostic radiologists had a higher proportion of moderate-
to-severe vasospasm diagnoses compared with interventional neu-
roradiologists. Junior readers had a higher proportion of positive
answers to the 3 main questions, compared with more experienced
readers. Interventional neuroradiologists, who are exposed to the
most severe end of the disease spectrum because they may be
required to treat these patients, may have a higher threshold for
diagnosing severe vasospasm than other clinicians.

Segment-by-segment analyses were performed to explore
potential ways to improve the reliability of CTA. This analysis
also showed lower agreement than previously reported.7 However,
the relatively low reliability of the assessment of the carotid arteries
and the relatively better agreement found in the evaluation of mid-
dle cerebral arteries have previously been noted.6 These observa-
tions suggest that readers looking for vasospasm on CTA should
perhaps focus on more reliable segments such as the M1 segments
and basilar artery and not on less reliable segments such as carotid
arteries or distal vessels.

The present study did not select the best cases or exclude
patients with clip or coil artifacts, to reflect real-life clinical
conditions. Including mainly patients without metal artifacts,
as in a previous report,6 would hardly have reflected normal
clinical usage, for most patients at risk of vasospasm have al-
ready undergone endovascular or surgical treatment of the
aneurysm at the time of the CTA assessment. Metal artifacts
remain a limitation of CTA, a problem that could perhaps
be mitigated by specific algorithms and/or dual-energy CT.32

However, agreement improved only minimally when a second anal-
ysis excluding arterial segments obscured by beam-hardening arti-
facts was performed.

Several factors may explain the lower reliability we found
compared with previous reports. Reliability is the complex prod-
uct of interactions among the test, subjects, raters, and the
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context of assessment.33,34 k coefficients based on a limited num-
ber of subjects and raters can result in overestimates.35 Our study
included a larger number of readers and index cases than in pre-
vious reports. The spectrum of patients included in our study
also differed, as we discussed previously. Grading scales, exact
methods of measurement, and statistical analyses also differed.
One frequent source of artificial inflation of agreement is the lack
of blinding of raters to other raters’ observations, to the reference
test, or to clinical information or clues.31 In our study, observers
independently analyzed anonymized images; they could not
access the clinical or radiologic file of patients.

CTA is performed at our institution in patients with severe
SAH grades in whom neurologic monitoring is difficult or
impossible and/or when transcranial Doppler sonography find-
ings are concerning for cerebral vasospasm. Angiography was
performed in only 8% of studied patients; only 1 patient received
intra-arterial milrinone. This is in contrast to almost 50% of
patients undergoing angioplasty in the study by Shankar et al.7 A
retrospective review at our institution during the same period
revealed that most patients with vasospasm treated with angio-
plasty had lateralizing neurologic symptoms despite maximal
medical treatment. They were directly referred to the angiogra-
phy suite without CTA. In such patients, the addition of CTA in
the investigation of vasospasm may be superfluous. It seems that
in our institution, CTA is most often used as a screening test for
patients in intensive care, who are difficult to monitor clinically.
Unfortunately, our study suggests that in this context, CTA inter-
pretations are not repeatable enough to guide management deci-
sions. If CTA is to be used as a screening test in patients with a
low prior probability of symptomatic vasospasm, our study sug-
gests that interpretations should be cautious, perhaps using a
diagnostic threshold at a higher level than 50% narrowing, lim-
ited to more reliable proximal arterial segments.

Our study had several limitations. The portfolio of cases was
artificially constructed, and raters were self-selected. A different
set of cases and observers could have produced different results.
Given our low prevalence of severe vasospasm in individual arte-
rial segments, our k coefficients could potentially be underesti-
mated due to a skewed rating distribution in the per-segment
analysis.19 We did not try to differentiate focal-versus-diffuse vas-
ospasm when a narrowing was present.30 The experimental setup
and the use of a portfolio differ from the case-by-case evaluation
of real patients, and we can only surmise that responders took the
time and care to respond as if they were evaluating real patients.

CONCLUSIONS
The systematic review found few reliability studies, limited to 2–3
readers. Our agreement study, which included a larger number of
observers, revealed that the diagnosis of moderate-severe vaso-
spasm was not sufficiently repeatable to support the use of CTA
alone to guide decisions in the clinical management of patients
with SAH. The repeatability of verdicts could potentially be
improved by raising the diagnostic threshold above 50% narrow-
ing for substantial vasospasm, by focusing on proximal arterial
segments such as the M1 and basilar arteries, and by standardiz-
ing interpretation protocols.
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