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Glucocorticoid-associated worsening in
reversible cerebral vasoconstriction
syndrome

ABSTRACT

Objective: Factors predicting poor outcome in patients with the reversible cerebral vasoconstric-
tion syndrome (RCVS) have not been identified.

Methods: In this single-center retrospective study, we analyzed the clinical, brain imaging, and
angiography data in 162 patients with RCVS. Univariable and multivariable regression analysis
were performed to identify predictors of persistent (nontransient) clinical worsening, radiologic
worsening, early angiographic progression, and poor discharge outcome (modified Rankin Scale
score 4–6).

Results: The mean age was 44 6 13 years; 78% of patients were women. Persistent clinical
worsening occurred in 14% at 6.66 4.1 days after symptom onset, radiologic worsening in 27%
(mainly new infarcts), and angiographic progression in 15%. Clinical worsening correlated with
angiographic progression and new nonhemorrhagic lesions. Age and sex did not independently
predict any type of worsening. Infarction on baseline imaging predicted poor outcome. Prior
serotonergic antidepressant use predicted clinical and angiographic worsening but not poor out-
come. Intra-arterial vasodilator therapy independently predicted clinical worsening and poor dis-
charge outcome but was offered to more severe cases. Glucocorticoid treatment proved to be an
independent predictor of clinical, imaging, and angiographic worsening and poor outcome. Of the
23 patients with clinical worsening, 17 received glucocorticoids (15 within the preceding 2 days).
There were no significant differences in baseline brain lesions and angiographic abnormalities
between glucocorticoid-treated and untreated patients.

Conclusion: Patients with RCVS at risk for worsening can be identified on basis of baseline fea-
tures. Iatrogenic factors such as glucocorticoid exposure may contribute to worsening.
Neurology® 2017;88:228–236

GLOSSARY
cSAH 5 convexal subarachnoid hemorrhage; CTA 5 CT angiogram; DSA 5 digital subtraction cerebral angiogram; ICH 5
intracerebral hemorrhage;MRA5magnetic resonance angiogram;mRS5modified Rankin Scale; PACNS5 primary angiitis
of the CNS; PRES 5 posterior reversible leukoencephalopathy syndrome; RCVS 5 reversible cerebral vasoconstriction
syndrome.

Over the last decade, the clinical and imaging features of reversible cerebral vasoconstriction syn-
drome (RCVS) have been extensively characterized1–7 and distinguished from its historic mimic,
primary angiitis of the CNS (PACNS).7–9 Patients with RCVS invariably present with recurrent
severe thunderclap headaches. One-third to half develop ischemic and hemorrhagic brain le-
sions, either alone or in combination. Despite the dramatic onset and frequently ominous
cerebral angiographic appearance, over 90% have excellent clinical outcome.2,6 Yet studies that
included a high proportion of inpatients have reported poor outcome (discharge modified
Rankin Scale [mRS] score .3, including death) in 5%–14% of patients.6,10

Factors predicting clinical outcome in RCVS have not been adequately identified.10,11 We have
reported an association between poor clinical outcome (mRS . 3) and glucocorticoid treat-
ment,6,7 which if confirmed has major clinical implications since glucocorticoids are frequently
offered due to consideration of PACNS, a condition that warrants prompt initiation of long-term
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immunosuppressive treatment. Other RCVS
studies have shown an association between
transfemoral cerebral angiography and transient
worsening,2 or the development of infarcts and
transient/permanent worsening.10 Vasoconstric-
tive drugs such as serotonergic antidepressants
have been consistently identified as triggers of
RCVS2,6,7,12 and may worsen vasospasm in
the setting of aneurysmal subarachnoid hemor-
rhage13,14; however, their contribution to
RCVS-related worsening is uncertain. On the
other hand, case reports have suggested a thera-
peutic role for calcium channel blockers and
intra-arterial vasodilator infusions.15–17

We designed this study to identify predic-
tors and mechanisms of clinical and radiologic
worsening in RCVS.

METHODS Standard protocol approvals, registrations,
and patient consents. This retrospective study was approved by
our Institutional Human Research Committee.

We included 162 patients with RCVS encountered at Massa-

chusetts General Hospital from 1998 to 2016. The clinical imag-

ing features of the first 159 patients have been published.6,7 The

diagnosis was established as follows: vasoconstriction reversibility

was documented in 128 patients. An additional 30 patients devel-

oped typical thunderclap headaches, had evidence for segmental

cerebral artery narrowing, and had a self-limited clinical course

with no recurrences during follow-up. The final 4 patients had

typical clinical presentations but died during hospitalization; 2

had normal cerebral arteries (no vasculitis) on autopsy and 2 had

immediate angiographic resolution upon intra-arterial vasodilator

infusion, consistent with RCVS.

We reviewed hospital records to extract information on

demographics, triggers, medical history, neurologic deficits, daily

clinical events, and laboratory results. Clinical worsening was

defined as the development of new persistent focal or cognitive

deficits or abrupt worsening of existing deficits. Expected evolu-

tion of baseline deficits, recurrent thunderclap headache, and

transient neurologic spells (including seizures) with prompt re-

turn to baseline function were not included.

Radiologic worsening was defined as the occurrence of a new

lesion on any follow-up brain scan. Lesions types were infarction,

intracerebral hemorrhage (ICH), convexal subarachnoid hemor-

rhage (cSAH), and vasogenic edema (i.e., lesions consistent with

the posterior reversible leukoencephalopathy syndrome [PRES]18).

For new infarcts and new vasogenic edema, given the low sensitivity

of head CT, we used only the baseline MRI scan for comparison.

We were careful to distinguish lesion progression (e.g., hematoma

expansion) from new lesions.

The results of follow-up cerebral angiograms (digital subtraction

cerebral angiogram [DSA], CT angiogram [CTA], andmagnetic res-

onance angiogram [MRA], in order of preference) performed within

30 days after baseline were categorized as initially worsened,

improved, or stable as compared to the immediately prior study

based on the overall angiographic appearance. Angiographic catego-

rization was completed without knowledge of treatment and prior to

data analysis; moreover, the unbiased real-time clinical neuroradiol-

ogy interpretations were considered for this categorization. Vasocon-

striction severity scores,7 though useful for quantifying distribution

and overall severity, were not used to assess progression since they

are insensitive to change (e.g., caliber reduction along a greater

length of the same arterial segment would not score differently).

Categorical data were analyzed using the x2, Fisher exact test,

Student t test, or Mann-Whitney U test. A value of p, 0.05 was

considered significant. Data are presented as mean (SD). Univari-

able analysis was performed to identify predictors of worsening.

Multivariable regression models were created based on results of

the univariable analysis to identify independent predictors of

clinical, radiologic, and angiographic worsening and poor out-

come (discharge mRS 4–6). For clinical worsening and poor out-

come, to avoid overfitting due to the small number of outcome

events, we created separate models for baseline factors and treat-

ments. Odds ratios and 95% confidence intervals were com-

puted. Further analysis focused on whether the worsening

occurred before or after exposure to identified predictors. SPSS

version 21 (SPSS Inc., Chicago, IL) was used for analyses.

RESULTS The mean age was 44 6 13 years, 78%
women. A case example of clinical, radiologic, and
angiographic worsening is shown in figure 1.

Clinical worsening occurred in 23 patients (14%)
at an average of 6.6 6 4.1 days (range 1–14 days)
after onset of the first RCVS symptom, invariably
thunderclap headache. As shown in table 1, patients
with clinical worsening were almost all women, with
higher rates of hypertension, depression, and expo-
sure to serotonergic antidepressants. Patients who
worsened had more infarcts and fewer cSAH on the
admission scan. Clinical worsening was associated with
new brain infarcts (from 44% to 70%) on follow-up
imaging, and more severe as well as more diffuse vaso-
constriction as evidenced by the greater frequency of
involvement of the intracranial internal carotid, anterior
cerebral, and vertebro-basilar arteries. Patients with wors-
ening received significantly higher rates of treatment
with intra-arterial vasodilators and immunosuppressive
agents such as cyclophosphamide and glucocorticoids.
They had a significantly longer duration of hospitaliza-
tion and worse discharge outcomes.

Radiologic worsening occurred in 44 patients (27%)
(table 2). New lesions comprised isolated infarctions in
19 patients, isolated cSAH in 8, isolated vasogenic
edema in 4, isolated ICH in 2, and lesion combinations
in 11. Overall, new infarctions were observed in 27
patients (61.3%) with radiologic worsening. The group
with radiologic worsening was significantly older by an
average of 5 years, and had more women andHispanics.
As with the clinical worsening group, they had signifi-
cantly more infarctions on admission scans, accumu-
lated more infarctions over time, showed more severe
and more diffuse vasoconstriction, received more treat-
ment, and had a longer length of stay and worse dis-
charge outcomes. These findings were mainly driven by
the subset of 27 patients with new infarctions (table 2).

In order to investigate mechanisms underlying
clinical and radiologic worsening, we analyzed angio-
graphic changes. The mean time from symptom onset
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to first cerebral angiography was 2.8 6 0.7 days. A
total of 62 patients (41%) underwent DSA, the rest
CTA/MRA. To investigate angiographic progression,
we analyzed serial angiographic studies performed
within the first month after onset. A total of 110
(68%) patients underwent 462 angiograms within
30 days. Of these, 25 (15.4%) showed initial pro-
gression and 24 (15%) showed early reversal of vaso-
constriction. No significant change in the overall
angiographic appearance was seen in 61 (38%) pa-
tients; however, 19 showed involvement of different

arterial segments on follow-up, consistent with the
dynamic nature of angiographic changes in RCVS.
As compared to patients with stable or improving
angiographic results, patients with angiographic wors-
ening had significantly higher rates of clinical wors-
ening (44% vs 12%, p , 0.001), new brain lesions
(52% vs 24%, p 5 0.005), new infarctions (32% vs
14%, p5 0.032), and new vasogenic edema (20% vs
4%, p 5 0.01), but not ICH (8% vs 3%, p 5 0.24)
or cSAH (16% vs 8%, p 5 0.18). Patients with
angiographic worsening had significantly higher rates

Figure 1 Clinical, radiologic, and angiographic worsening in reversible cerebral vasoconstriction syndrome
(RCVS)

A 43-year-old woman with malabsorption syndrome, on parental nutrition, was hospitalized for treatment of port-a-cath
infection. On day 2, she developed a thunderclap headache. Head CT and CSF examination were normal. Hydrocortisone
100mg three times daily was administered for suspected adrenal insufficiency and sepsis. On day 4, brainMRI fluid-attenuated
inversion recovery (FLAIR) images showed multiple dot and linear shaped sulcal hyperintensities suggesting dilated cortical
surface arteries (A.a) and subtle bilateral white matter vasogenic edematous lesions (A.b) consistent with posterior revers-
ible encephalopathy syndrome (PRES). Headaches recurred, and on day 7 she developed cortical blindness. Head CT angi-
ography (A.c) showed segmental narrowing of multiple intracranial arteries. Brain MRI showed new PRES lesions and
progression of prior PRES lesions (B.a, B.b). She was transferred to our hospital. Neurologic examination showed features
of the Balint syndrome and aphasia. Repeat CT angiography showed worsening cerebral vasoconstriction (B.c). Hydrocor-
tisone was tapered to 25 mg twice daily; nimodipine and magnesium were administered for suspected RCVS. Repeat
MRI on day 9 showed new bilateral ischemic lesions on diffusion-weighted images (C.a), persistent PRES (C.b), and stable
cerebral vasoconstriction (C.c). The port-a-cath infection was successfully treated. She was discharged on day 19 on oral
prednisone 5 mg daily and nimodipine. Follow-up imaging on day 42 showed established infarctions on FLAIR images (D.a),
reversal of PRES lesions (D.b), and resolution of vasoconstriction (D.c). Neurologic examination showed no residual deficits.
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of prior serotonergic antidepressant use (56% vs
31%, p 5 0.015) and underlying depression
(72% vs 36%, p 5 0.001), and had higher rates of

glucocorticoid (56% vs 23%, p 5 0.001), calcium
channel blocker (72% vs 53%, p 5 0.07), and
intra-arterial vasodilator (12% vs 3%, p 5 0.08)
but not triptan therapy (8% vs 14%, p 5 0.33).
However, there were no significant differences in final
lesion types or discharge clinical outcome.

Results of the exploratory multivariable regression
analyses are shown in table 3. Glucocorticoid treat-
ment proved to be a strong independent predictor of
all types of worsening. Infarction on baseline imaging
predicted poor outcome, but not clinical or radiologic
worsening. Inta-arterial vasodilator therapy indepen-
dently predicted clinical worsening and poor discharge
outcome. Serotonergic antidepressant use predicted
clinical and angiographic worsening. Age and sex did
not prove to be independent predictors of any type of
worsening or discharge outcome.

Based on these results, we investigated the relation-
ship and mechanisms of treatment-associated clinical
worsening and poor discharge outcome. Glucocorti-
coids were administered to 46 (28%) patients. Thirty-
three patients (72%) received glucocorticoids due to
consideration of PACNS or to treat RCVS, and the rest
for a variety of reasons (e.g., contrast allergy, asthma).
Different forms were used: IV methylprednisolone fol-
lowed by oral prednisone (n 5 17), IV methylprednis-
olone alone (n5 8), oral prednisone alone (n5 15), IV
dexamethasone (n 5 4), and local injection (n 5 2).
The mean time from symptom onset to glucocorticoid
administration was 6.6 6 6.4 days (range 1–29 days).
Of the 46 patients who received steroids, 17 (37%)
showed persistent clinical worsening, 2 showed clinical
improvement, and 27 showed no clinical change. Of
116 patients not treated with glucocorticoids, only 6
(5%) showed worsening (p , 0.001). Of the 23 pa-
tients with clinical worsening (17 with glucocorticoid
use and 6 without), 14 (61%) developed new brain
lesions including 11 new infarctions.

Figure 2 shows the days from symptom onset to
clinical worsening. Included are 5 patients who also
received intra-arterial vasodilator treatment. Glucocor-
ticoid treatment preceded clinical worsening by #2
days in all except 2 patients (one previously pub-
lished19) who had both initiated treatment 6 days prior
to worsening. Baseline parenchymal imaging was nor-
mal in 35% of glucocorticoid-treated patients whereas
all nontreated patients had abnormal baseline scans
(p 5 0.14). There was no significant difference in
the angiographic severity scores between patients trea-
ted and not treated with glucocorticoids (p 5 0.33).
Among patients with clinical worsening, 47% of the
glucocorticoid-treated group had discharge mRS 4–6,
vs 17% in the nontreated group (p 5 0.3).

Intra-arterial vasodilator treatment was administered
to 7 patients, including 5 who received concomitant
glucocorticoids (figure 2). Three received nicardipine,

Table 1 Clinical worsening in reversible cerebral vasoconstriction syndrome

Variable
Worsened
(n 5 23)

Not worsened
(n 5 139) p Value

Age, y 46 6 10 43 6 13 0.296

Female 96 75 0.026a

Caucasian race 74 85 0.299

Prior hypertension 61 33 0.011a

Prior depression 61 38 0.040a

Prior migraine 48 40 0.455

Serotonergic antidepressants 61 30 0.004a

Illicit drugs 17 21 0.702

Postpartum state 9 10 0.838

Idiopathic 26 30 0.688

Recurrent thunderclap headaches 70 75 0.594

Focal neurologic deficits 87 32 ,0.001a

Initial imaging

No lesion 26 31 0.639

Infarct 44 24 0.047a

Parenchymal hemorrhage 22 10 0.107

Convexal SAH 13 37 0.022a

Vasogenic edema (PRES) 22 27 0.621

Final imaging

No lesion 4 27 0.012a

Infarct 70 27 ,0.001a

Parenchymal hemorrhage 26 11 0.043a

Convexal SAH 22 41 0.078

Vasogenic edema (PRES) 22 29 0.485

Vasoconstriction severity score 1.00 6 0.56 0.63 6 0.44 0.001a

Intracranial ICA involved 35 13 0.015a

Middle cerebral artery involved 87 89 0.769

Anterior cerebral artery involved 100 82 0.026a

Posterior cerebral artery involved 91 77 0.126

Vertebral or basilar arteries involved 70 45 0.026a

Calcium channel blocker therapy 70 53 0.108

Immunosuppressive therapy 13 4 0.087

Glucocorticoid use 74 21 ,0.001a

Triptan use 17 12 0.495

Intra-arterial vasodilator therapy 22 1 ,0.001a

Length of stay, d 14 6 10 8 6 8 0.004a

Discharge mRS score 0–3 61 96 ,0.001a

Discharge mRS score 4–5 22 5 ,0.001a

Discharge mRS score 6 (death) 17 0 ,0.001a

Abbreviations: ICA 5 internal carotid artery; mRS 5 modified Rankin Scale score; PRES 5

posterior reversible encephalopathy syndrome; SAH 5 subarachnoid hemorrhage.
Values are mean 6 SD or %.
aSignificant.
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Table 2 Radiologic worsening in reversible cerebral vasoconstriction syndrome

Variable
No new
lesion (n 5 113)

Any new
lesion (n 5 44) p Value

New infarct
(n 5 27) p Value

Age, y 42 6 13 47 6 11 0.035 47 6 11 0.096

Female 73 91 0.013a 89 0.125

Caucasian 88 70 0.004a 78 0.170

Hispanic 9 25 0.008a 19 0.279

Prior hypertension 35 46 0.204 48 0.213

Prior depression 43 39 0.590 48 0.309

Prior migraine 38 46 0.395 41 0.943

Serotonergic antidepressants 35 36 0.910 44 0.296

Illicit drugs 20 23 0.743 30 0.171

Postpartum state 11 9 0.776 4 0.221

Idiopathic 28 25 0.675 23 0.508

Recurrent thunderclap headaches 74 73 0.837 63 0.156

Focal neurologic deficits 29 70 ,0.001a 78 ,0.001a

Initial imaging

No lesion 35 21 0.086 19 0.135

Infarct 21 39 0.026a 59 ,0.001a

Parenchymal hemorrhage 12 11 0.980 4 0.164

Convexal SAH 35 30 0.486 19 0.066

Vasogenic edema (PRES) 24 32 0.310 22 0.613

Final imaging

Infarct 21 64 ,0.001a 100 ,0.001a

Parenchymal hemorrhage 12 16 0.457 7 0.361

Convexal SAH 35 46 0.244 33 0.566

Vasogenic edema (PRES) 24 39 0.065 26 0.790

Vasoconstriction score 0.73 6 0.8 1.01 6 0.4 0.017a 1.03 6 0.5 0.042a

Intracranial ICA involved 11 27 0.015a 37 0.001a

Middle cerebral artery involved 86 96 0.084 93 0.453

Anterior cerebral artery involved 82 91 0.166 93 0.202

Posterior cerebral artery involved 77 86 0.175 82 0.764

Vertebral or basilar arteries involved 45 61 0.067 67 0.052

Calcium channel blocker therapy 3 61 0.349 70 0.086

Cyclophosphamide therapy 3 12 0.026a 11 0.140

Glucocorticoid use 18 55 ,0.001a 63 ,0.001a

Triptan use 13 14 0.952 8 0.317

Interventional dilatators therapy 3 9 0.099 15 0.018a

Length of stay, d 7 6 6 16 6 11 ,0.001a 19 6 12 ,0.001a

Discharge mRS score 0–3 97 76 ,0.001a 63 ,0.001a

Discharge mRS score 4–5 4 16 ,0.001a 22 ,0.001a

Discharge mRS score 6 (death) 0 9 0.006a 15 ,0.001a

Abbreviations: ICA 5 internal carotid artery; mRS 5 modified Rankin Scale score; PRES 5 posterior reversible encepha-
lopathy syndrome; SAH 5 subarachnoid hemorrhage.
Values are mean 6 SD or %.
aSignificant.
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2 verapamil, 2 milrinone, and 1 papaverine. The angio-
graphic response (prompt vasodilation) was uniform
but often ill-sustained.19 Four continued to deteriorate
or showed no clinical improvement, and 3 improved.
Finally, triptans were used in 21 (13%) patients to treat
the onset headache. Four reported acute exacerbation of
pain, 1 had seizures,12 and 6 (29%) showed subsequent
clinical worsening.

DISCUSSION In this study, we provide important
information about the frequency and characteristics

of worsening in RCVS. There was a significant corre-
lation among persistent clinical worsening, new radio-
logic lesions, and initial angiographic progression.
Our results provide clarity on the influence of several
baseline variables on worsening. Most importantly,
we show that worsening often occurs after glucocorti-
coid initiation, and that therapeutic strategies such as
calcium channel blockers and triptans are usually
ineffective in treating headache or preventing clinical
or radiologic complications. The effects of intra-
arterial vasodilator therapy seem variable; its role is
discussed below.

Our results have profound implications on the ex-
isting approach to RCVS management. Although the
vast majority of patients with RCVS have a self-
limited course lasting days to weeks with benign
outcome1–4,6,7 and good long-term prognosis,20,21 the
presence of widespread, severe angiographic abnormal-
ities often prompts the administration of calcium chan-
nel blockers to address headaches or vasospasm, or
pharmacologically induced hypertension in an attempt
to improve cerebral perfusion. Glucocorticoids are
often administered due to misdiagnosis as PACNS,
or due to the fear of missing PACNS while awaiting
angiographic reversibility to confirm the diagnosis of
RCVS.6,19 While the authors have never treated RCVS
with glucocorticoids, patients in this study were
exposed prior to transfer or at our own hospital due
to diagnostic uncertainties or for systemic indications
(e.g., contrast allergy). Intra-arterial vasodilator infu-
sion is frequently offered even in clinically stable pa-
tients to treat the angiographic findings; some centers
advocate using this interventional procedure for early
diagnosis based on the angiographic response to vaso-
dilator infusion.16,22 We have recently shown that the
diagnosis can be made with alacrity based on bedside
clinical and brain imaging features alone7,23 and that
our criteria have nearly 100% specificity in distinguish-
ing RCVS from PACNS.7 Hence, the use of poten-
tially risky invasive procedures cannot be justified for
diagnostic purposes,24 particularly since the outcome is
usually excellent. We show that in the event of diag-
nostic uncertainty or in patients with clinical stability
or with minor/nonprogressive deficits, it is important
to withhold glucocorticoids and catheter-based inter-
ventions. Symptomatic pain management, the removal
of vasoconstrictive precipitants, and strategies to avoid
the Valsalva maneuver (which can trigger recurrent
thunderclap headaches) are typically adequate while
awaiting the natural resolution of headache and
vasoconstriction.25

The management of patients with clinical progres-
sion remains challenging. Prior studies have shown
that 16%–34% of patients develop transient neuro-
logic deficits, including seizures, but fewer than 10%
develop mild to moderate permanent deficits and

Table 3 Exploratory multivariable models: Predictors of worsening and poor
outcome

Outcome variable OR (95% CI) p Value

Clinical worsening (n 5 23)

Model 1

Female sex 1.67 (0.64–4.36) 0.291

Infarction on baseline imaging 2.38 (0.88–6.41) 0.087

Prior hypertension 3.37 (1.28–8.84) 0.014

Serotonergic antidepressant use 3.06 (1.18–7.97) 0.022

Model 2

Female sex 3.23 (0.92–11.29) 0.067

Infarction on baseline imaging 1.62 (0.55–4.77) 0.384

Glucocorticoids 10.2 (3.30–31.6) ,0.001

IA vasodilator 14.9 (1.70–131.5) 0.015

Radiologic worsening (n 5 44)

Age, y 1.02 (0.99–1.06) 0.203

Female sex 1.32 (0.57–3.1) 0.519

Hispanic ethnicity 2.79 (0.89–8.72) 0.078

Focal neurologic deficit at onset 3.79 (1.62–8.87) 0.002

Infarction on baseline imaging 1.33 (0.55–3.23) 0.524

Glucocorticoids 4.36 (1.89–10.0) 0.001

Angiographic worsening (n 5 25)

Female sex 1.31 (0.49–3.63) 0.587

Serotonergic antidepressant use 2.59 (1.04–6.46) 0.041

Glucocorticoids 3.83 (1.54–9.53) 0.004

Calcium channel blockers 2.16 (0.83–5.74) 0.122

Poor outcome (mRS > 3, n 5 15)

Model 1

Female sex 0.73 (0.23–2.28) 0.581

Infarction on baseline imaging 9.87 (2.88–33.9) ,0.001

Serotonergic antidepressant use 1.32 (0.41–4.24) 0.640

Model 2

Female sex 0.67 (0.18–2.64) 0.585

Infarction on baseline imaging 8.55 (2.30–31.8) 0.001

Glucocorticoids 4.23 (1.20–14.9) 0.025

IA vasodilator 9.77 (1.48–64.4) 0.018

Abbreviations: CI 5 confidence interval; IA 5 intra-arterial; OR 5 odds ratio.
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only a minority show relentless progression that can
be fatal.2,6,10,19,26 Ideally, specific treatments should be
targeted to patients with high likelihood for poor out-
come. At present it is challenging to identify such
patients and intervene before significant irreversible
damage occurs. Our analysis focused on predicting
poor discharge outcome, unlike prior studies that
investigated predictors of any clinical worsening
(transient or permanent).10 We show that baseline
infarction and glucocorticoid exposure are indepen-
dent predictors of poor outcome. Patients with these
features should be carefully monitored, preferably in
an intensive care setting. Most such patients will
declare clinical stability or improve in a few days. In
the event of definite clinical or radiologic progression,
glucocorticoids should be withheld but intra-arterial
vasodilator treatment may still be considered on the
basis of anecdotal case reports.17,27–29 Substantial clin-
ical experience and judgment is required to determine
the appropriate threshold for intervention.

In this study, some factors proved to be indepen-
dent predictors of clinical or radiologic or angiographic
worsening, but not poor clinical outcome. For exam-
ple, serotonergic antidepressant use predicted clinical
and angiographic worsening but exposed patients did
not have significant disability at the time of discharge.
This may suggest that their effects are mild, or that

cessation (due to their acknowledged role as triggers)
prevented any sustained effects. These findings are
consistent with our prior study showing that selective
serotonin reuptake inhibitors worsen vasospasm but
not clinical outcome in patients with aneurysmal sub-
arachnoid hemorrhage,13 and another study where
serotonergic antidepressants tended to predict symp-
tomatic vasospasm but not clinical or radiologic com-
plications after aneurysmal SAH.14 Similarly, we found
that triptans, which have serotonergic effects, showed
no statistically significant effect on worsening but
approximately half the patients developed new neuro-
logic symptoms (increased pain, seizures, new deficits)
after treatment. These data affirm the importance of
withholding serotonergic agents in RCVS.12 Whether
they can be resumed after RCVS resolution is not clear.
Further, these data support a pathophysiologic role of
serotonergic mechanisms in triggering RCVS.

As in a prior study,10 we found no association
between clinical/radiologic worsening and factors such
as age, sex, migraine, brain hemorrhage, or PRES on
baseline imaging. In addition, these factors were not
associated with poor outcome (table 3). However,
prior hypertension was associated with clinical worsen-
ing. We speculate that chronically hypertensive pa-
tients had greater susceptibility to cerebral ischemia
due to underlying small-vessel disease, but did not

Figure 2 Relationship between clinical worsening and glucocorticoid treatment (6 intra-arterial [IA] therapy)

Cumulative event rate curves show the time of clinical progression with or without glucocorticoid and IA vasodilator treat-
ment. Circles along the curves depict individual patients. Circles are colored according to the patient’s eventual discharge
modified Rankin Scale scores (mRS) as follows: white, mRS 0–3; gray, mRS 4–5; black, mRS 6 (death). White arrowheads
reflect the day after reversible cerebral vasoconstriction syndrome (RCVS) onset when glucocorticoids were initiated. Gray
arrowheads reflect the day after RCVS onset when IA vasodilator treatment was administered. The length of the dotted
lines connecting arrowheads to circles reflects the interval between treatment and worsening.
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develop infarction due to the dynamic changes in arte-
rial caliber. Finally, it is important to note that cSAH
and normal parenchymal imaging were associated with
less clinical and radiologic worsening, and better out-
comes. Patients with these features may not require
intensive monitoring or prolonged observation.

Our results provide insights about the mecha-
nisms of worsening in RCVS. Patients with clinical
worsening had new brain lesions (mainly infarcts),
and those with angiographic progression had more
clinical worsening as well as new infarcts and edema
(PRES). These data confirm that worsening occurs
due to angiographic progression, primarily due to
new nonhemorrhagic lesions. Importantly, our study
shows that hemorrhagic RCVS is not associated with
poor outcome, unlike other conditions associated
with lobar hemorrhage. Iatrogenic factors appear to
play a major role. Glucocorticoids clearly do not pre-
vent worsening, and may in fact induce worsening by
potentiating the effects of vasoconstrictors such as
norepinephrine, angiotensin II, endothelin, and
others, as well as their direct actions on vascular
smooth muscle cells.30 The time course of such effects
(hours to days)30 correlates with our observation of
worsening occurring within 2–6 days after treatment
initiation in RCVS. These results are consistent with
recent analyses showing a deleterious effect of gluco-
corticoid use (especially recent initiation) on stroke
outcome.31

The relatively large sample size, the availability of
serial imaging data, and the correlation between dif-
ferent outcomes lends confidence to our results.
The retrospective design is a limitation. The identi-
fied predictors could be validated in existing prospec-
tive datasets; however, prospective trials investigating
the effects of glucocorticoids, serotonergic agents, or
other potential predictors of poor outcome would
be unethical. Due to the retrospective design, there
was variability in the modality and timing of follow-
up imaging studies and clinical selection bias in ob-
taining imaging follow-up. Though larger than other
cohort studies, the number of exposures and outcome
events were limited; hence we had to create multiple
regression models for exploratory analyses. Finally, 30
patients had probable RCVS based on previously
published criteria.1 There was no significant differ-
ence in the percentage of patients with clinical, radio-
logic, or angiographic worsening between these and
the remaining 132 patients (data not shown). Fur-
ther, all 162 patients had one or more recently iden-
tified feature with 98%–100% specificity for the
diagnosis of RCVS (e.g., recurrent thunderclap head-
aches, or a single thunderclap headache combined
with normal neuroimaging, border zone infarcts, or
vasogenic edema),7 so using contemporary criteria the
diagnosis is secure in our entire cohort.

Although prior publications have shown an associ-
ation between glucocorticoids and poor outcome,6,7

these agents continue to be administered. The reasons
are unclear, but may be related to underappreciation of
prior results or skepticism because of possible selection
bias—an issue we have directly addressed here. We are
encouraged that the frequency of glucocorticoid treat-
ment in our cohort has decreased from 32% to 19%
after our 2011 publication.6 We hope our results will
inform the treating clinician about the appropriate
management of RCVS. The focus should be on accu-
rate bedside diagnosis using contemporary criteria,7

after which less is more and primum non nocere
should be the guiding principles.
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