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Rebleeding is the most important complication 
contributing to early morbidity and mortality 
among patients with subarachnoid hemorrhage 

(SAH). It is associated with a dismal prognosis, signifi-
cantly reducing the chances of survival and functional 

independence.12 Despite a shift in paradigm toward swift 
coiling or clipping, rebleeding rates of 6%–10% are still 
reported.10 These catastrophic events occur within the 
first 24 hours but oftentimes within the first 3 hours af-
ter the initial bleed, emphasizing the crucial need for 
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OBJECTIVE Rebleeding remains a frequent and catastrophic event leading to poor outcome after subarachnoid hemor-
rhage (SAH). Reduced platelet function after the initial bleed is associated with higher risk of early rebleeding. Desmo-
pressin (DDAVP) is a well-known hemostatic agent, and recent guidelines already suggest its use in individuals exposed 
to antiplatelet drugs. The authors hypothesized that DDAVP administration in patients with SAH at admission would be 
associated with lower risks of rebleeding.
METHODS The authors performed an observational cohort study of patients enrolled in the Columbia University SAH 
Outcome Project between August 1996 and July 2015. The authors compared the rate of rebleeding between patients 
who were and those who were not treated with DDAVP. After adjustment for known predictors, logistic regression was 
used to measure the association between treatment with DDAVP and risks of rebleeding.
RESULTS Among 1639 patients with SAH, 12% were treated with DDAVP. The main indication for treatment was sus-
pected exposure to an antiplatelet agent. The overall incidence of rebleeding was 9% (1% among patients treated with 
DDAVP compared with 8% among those not treated). After adjustment for antiplatelet use and known predictors, treat-
ment with DDAVP was associated with a 45% reduction in the risks of rebleeding (adjusted OR 0.55, 95% CI 0.27–0.97). 
DDAVP was associated with a higher incidence of hyponatremia but not with thrombotic events or delayed cerebral is-
chemia.
CONCLUSIONS Treatment with DDAVP was associated with a lower risk of rebleeding among patients with SAH. 
These findings support further study of DDAVP as first-line therapy for medical hemostasis in patients with SAH.
https://thejns.org/doi/abs/10.3171/2017.7.JNS17990
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simple interventions that could be provided in a timely 
fashion.6

Platelets are a crucial component of primary hemo-
stasis and therefore constitute a potential target for pre-
vention. In fact, SAH itself induces abnormal platelet 
aggregability,8 which, in turn, is strongly correlated to 
ultra-early rebleeding, even more so than classical risk 
factors such as initial neurological status.5 Compounding 
this endogenous phenomenon, concurrent antiplatelet use 
could potentially further increase the risk of rebleeding, 
as one retrospective study found that exposure to aspirin 
multiplied the risks of rebleeding by 3.18 These data have 
compelled many centers to adopt targeted therapy among 
users of antiplatelet agents and NSAIDs, by using platelet 
transfusions, desmopressin (DDAVP), or both to enhance 
hemostasis. However, according to recently published re-
sults of a randomized open-label trial,1 platelet transfu-
sions seem to increase the risk of death or dependence 
when used to treat patients with spontaneous cerebral 
hemorrhage who are receiving antiplatelet therapy, leav-
ing clinicians with few alternatives but DDAVP.

DDAVP is a synthetic analog of the hormone vasopres-
sin, which increases baseline plasma levels of von Wil-
lebrand factor and factor VIII by 3- to 5-fold and is used 
to mitigate bleeding in multiple congenital or acquired 
platelet disorders.3 DDAVP has been shown to reverse 
medication-induced platelet dysfunction in vitro and 
in patients with intracranial hemorrhage,9 but the clini-
cal utility of its use in patients with SAH has not been 
explored. Despite the relative lack of evidence, the most 
recent guidelines from the Neurocritical Care Society 
suggest consideration of a single dose of DDAVP for 
treatment of acute intracranial hemorrhage of any type 
if the patient was exposed to antiplatelet agents.4 This ap-
proach was adopted at Columbia University Medical Cen-
ter starting in 2008, providing us with a unique opportu-
nity to study the relationship between DDAVP treatment 
at admission and the risk of rebleeding in a prospective 
cohort of patients with SAH.

Methods
Study Population

The Columbia University SAH Outcome Project 
(SHOP) represents an ongoing prospective observational 
database that was established in August 1996. Every adult 
patient with a spontaneous aneurysmal or nonaneurysmal 
diagnosis of SAH is offered enrollment. Diagnosis is made 
by head CT or the presence of red blood cells and xantho-
chromia on CSF analysis. Patients with secondary SAH 
related to trauma, rupture of an arteriovenous malforma-
tion, or other structural lesions, as well as patients admit-
ted > 14 days after SAH onset, are not included. For the 
purpose of this study, patients treated with anticoagulant 
agents were excluded (Fig. 1). Written informed consent 
was obtained from the patient or a legally authorized rep-
resentative prior to their inclusion in the study. The study 
was approved by the Columbia University Medical Center 
Institutional Review Board and therefore was conducted 
in accordance with the ethical standards laid down in the 
1964 Declaration of Helsinki and its later amendments.

Clinical Management
All patients were admitted to a dedicated neurocritical 

care unit and treated per contemporary guidelines. Briefly, 
they received 60 mg oral nimodipine every 4 hours as well 
as phenytoin or levetiracetam perioperatively for seizure 
prophylaxis. Angiography and surgical or endovascular 
treatment were performed as soon as possible. Aneurysm 
repair and a 1- or 2-week trial of critical care were offered 
to all but the most moribund grade 5 patients (e.g., brain-
stem failure). An external ventricular drainage shunt was 
inserted as needed for symptomatic hydrocephalus or in-
traventricular hemorrhage in patients with a reduced level 
of consciousness.

Clinical Information
Demographic data, social and medical history, and clin-

ical features at onset were obtained by interview with the 
patient and family members and review of the medical re-
cord shortly after admission. Data collected included med-
ication history, with antiplatelet use prospectively recorded 
at admission as well as the use of anticoagulants. Clini-
cal elements of interest at ictus included the occurrence of 
a sentinel headache, loss of consciousness, and seizures. 
Seizure was defined as any prehospital tonic-clonic activ-
ity based on accounts from eyewitnesses, and loss of con-
sciousness as any alteration in alertness or responsiveness 
in the prehospital phase. Admission neurological status 
was evaluated with the Hunt and Hess scale,7 administered 
by an emergency department health care professional or 
a study neurointensivist. Imaging characteristics includ-
ing aneurysm size and location, modified Fisher grade, 
and presence of intracerebral hematoma on initial CT scan 
were also collected.

Exposure and Outcome Assessment
All instances of DDAVP administration, the exposure 

of interest, were retrieved through interrogation of the 
hospital pharmacy database and merged with the SHOP 
database. DDAVP was given as a single 0.3-mg/kg intrave-
nous dose. Rebleeding, the primary outcome, was defined 
as either an acute deterioration in neurological status in 
conjunction with new hemorrhage apparent on a CT scan 
or an increase in hemorrhage burden on a repeat CT scan.11 
It was adjudicated in weekly meetings of the study team 
after review of all relevant clinical and imaging data. Head 
CT was performed for every episode of neurological de-
terioration, defined as a loss of 2 points on the Glasgow 
Coma Scale. Known potential complications related to 
treatment with DDAVP, such as hyponatremia (defined as 
serum sodium < 135 mmol/L), delayed cerebral ischemia 
(DCI), and thrombotic events (myocardial infarct, deep 
vein thrombosis, pulmonary embolism) were also record-
ed. Finally, a good neurological outcome was defined as 
a score of 0–3 (independent ambulation or better) on the 
modified Rankin Scale at 3 months.

Statistical Analysis
Logistic regression was used to measure the association 

between treatment with DDAVP and the odds of rebleed-
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ing. Univariable and multivariable logistic regressions 
were used to investigate unadjusted and adjusted odds ra-
tios (ORs) with 95% CIs. Neurological status at admission, 
evaluated with the Hunt and Hess scale, and presence of 
a large aneurysm, defined as > 10 mm, have already been 
demonstrated as predictors of rebleeding in the SHOP da-
tabase,12 whereas loss of consciousness at onset, seizures 
before admission, sentinel headache, age, sex, presence of 
intracerebral hematoma, and intraventricular hemorrhage 
were negative for such an association.16

Antiplatelet use18 and, more recently, the admission 
modified Fisher grade19 have also been described as poten-
tial risk factors for rebleeding in different cohorts. There-
fore, in line with the available literature,17 the following 
potential confounders were entered in the general model: 
antiplatelet use, aneurysm size, neurological status, and 
modified Fisher grade. Antiplatelet use, platelet transfu-
sion, and aneurysm size (> 10 mm) were coded as binary 
and neurological status (Hunt and Hess scale) and modi-
fied Fisher grade were coded as 5-level ordinal categorical 
variables.

An interaction term was generated between antiplatelet 
use and DDAVP administration, based on biological plau-
sibility rather than mathematical correlation. The initial 
model was contracted according to the parsimony prin-

ciple and highly nonsignificant variables (p > 0.25) were 
excluded, including the modified Fisher grade and the in-
teraction term antiplatelet*DDAVP. We believed that an-
tiplatelet use should be kept in the model as a covariable, 
even if clearly above the significance threshold, because it 
is unevenly distributed and is clinically relevant regarding 
DDAVP treatment decisions.

Sensitivity analyses were conducted using the follow-
ing alternatives: 1) including only patients with proven an-
eurysm, 2) assuming a missing at random mechanism for 
incomplete aneurysm size and hence using multiple im-
putation,2 3) replacing missing outcome values with worst 
outcome, 4) dichotomizing clinical grade (Hunt and Hess 
grades IV and V as being poor grades), and 5) including 
only patients admitted directly to the Columbia University 
Medical Center (that is, excluding transfers). All analyses 
were performed using R version 3.3.1.

Results
Patient Characteristics

A total of 1639 patients with SAH were enrolled during 
the study period, of whom 12% were treated with DDAVP 
at admission. Patients in the intervention group had a 
worse initial neurological status (higher Hunt and Hess 

FIG. 1. Flow diagram of patients included in the treatment and control arms of the study.
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grade) and a higher modified Fisher grade at admission 
than patients who were not treated with DDAVP. Patients 
in the intervention group were also twice as likely as those 
in the control group to be using antiplatelet agents (21% vs 
11%; p < 0.0001). The DDAVP treatment arm had a sig-
nificantly lower proportion of large aneurysms. Finally, no 
patient in the control arm received a platelet transfusion, 
whereas 44% of patients treated with DDAVP concomi-
tantly received such a therapy (p < 0.001). Otherwise, both 
groups shared similar demographic and clinical charac-
teristics, including the proportion of patients exposed to 
NSAIDs (Table 1). A total of 556 patients were recruited 
before the adoption in 2008 of DDAVP administration in 
patients with SAH who were suspected of having received 
antiplatelet medication. Only 5 of these patients (< 1%) 
received DDAVP compared with 138 patients (13%) after 
2008. Antiplatelet use was more frequent after 2008 (16% 

vs 4%), as expected from secular trends on prescription 
after myocardial infarct,14 after stroke, or for primary pre-
vention.

Missing Data
Data on treatment with DDAVP and on exposure to an-

tiplatelet agents were complete. Primary outcome infor-
mation on rebleeding and Hunt and Hess grades at admis-
sion were missing for < 1% of patients. However, data on 
aneurysm size were missing in 23% of patients, mainly in 
those who died before CT angiography or standard angi-
ography could be performed. Neurological outcome data 
at 3 months were missing for 206 patients (13%).

Clinical Grade and Aneurysm Size
The final model included the following covariables: 

antiplatelet use, presence of a large aneurysm, and neuro-
logical status at admission. Presence of a large aneurysm 
(defined as having a maximal diameter > 10 mm) was as-
sociated with higher odds of rebleeding (adjusted OR 1.61, 
95% CI 1.18–2.17), as was higher Hunt and Hess grade 
(that is, a worse neurological status) (adjusted OR 1.97, 
95% CI 1.10–2.39 per grade). Both of these findings are 
consistent with findings of previous studies.

Association Among DDAVP Treatment, Antiplatelet or 
NSAID Use, and Rebleeding

The frequency of rebleeding was 9%, representing a 
total of 143 patients. Treatment with DDAVP (Table 2) 
was associated with a 45% reduction in the odds of re-
bleeding (adjusted OR 0.55, 95% CI 0.27–0.97) after ad-
justment for antiplatelet use, Hunt and Hess grade, and 
presence of a large aneurysm (Table 3). Contrary to what 
was expected, antiplatelet use before admission was not 
significantly associated with higher odds of rebleeding 
(adjusted OR 1.14, 95% CI 0.75–1.68), nor was use of 
NSAIDs (adjusted OR 1.07, 95% CI 0.47–2.92). We did 
not detect any significant interaction between antiplate-
let use and DDAVP treatment, meaning that the effect of 
desmopressin was not limited to those who had received 
antiplatelet agents; however, our power to detect this ef-
fect may have been limited. Finally, platelet transfusion 
did not reduce the odds of rebleeding (adjusted OR 1.41, 
95% CI 0.24–8.27).

Sensitivity Analyses
Worse-case scenario analyses concluded to similar as-

sociation and CIs. Dichotomization of neurological status 
according to good (Hunt and Hess grades I–III) and poor 

TABLE 1. Distribution of baseline characteristics according to 
treatment with DDAVP

Baseline Characteristic
All 

Patients

Patients 
Treated 

w/ 
DDAVP

Control 
Patients

p  
Value

No. of patients 1639 143 1496
Mean age in yrs ± SD 55 ± 15 55 ± 14 55 ± 15 0.81
Male 538 (33) 43 (30) 495 (33) 0.50
Medical history
 Hypertension 768 (47) 79 (55) 689 (46) 0.06
 Antiplatelet use 196 (12) 42 (29) 154 (10) <0.001
 NSAID use 94 (6) 18 (13) 76 (5) <0.001
Clinical presentation
 Sentinel bleed 315 (21) 34 (27) 281 (21) 0.10
 Seizures 178 (11) 16 (12) 162 (11) 0.89
 Loss of consciousness 641 (40) 51 (36) 590 (40) 0.39
Hunt & Hess grade <0.001
 I 384 (24) 13 (9) 371 (25)
 II 340 (21) 44 (31) 296 (20)
 III 410 (25) 32 (23) 378 (25)
 IV 231 (14) 23 (16) 208 (14)
 V 269 (16) 30 (21) 239 (16)
Imaging
 Proven aneurysm 1245 (87) 112 (85) 1133 (87) 0.65
 Aneurysm >10 mm 239 (17) 11 (8) 228 (17) 0.008
 Intracerebral hematoma 275 (17) 18 (13) 257 (17) 0.17
Modified Fisher grade 0.002
 1 524 (32) 47 (24) 477 (33)
 2 197 (12) 16 (8) 181 (13)
 3 571 (35) 74 (38) 497 (35)
 4 326 (20) 57 (29) 269 (19)
Treatment
 Platelet transfusion 87 (5) 87 (44) 0 (0) <0.001
Median time from admission 

to diagnosis, days (IQR)
0 (0) 0 (0) 0 (0)

Values reported as number of patients (%) unless stated otherwise.

TABLE 2. Rebleeding incidence in patients treated with DDAVP 
compared with controls

Study Arm Rebleeding No Rebleeding Total

DDAVP   6 (<1) 135 (8) 141 (9)
No DDAVP 137 (8) 1347 (83) 1484 (91)
Total 143 (9) 1482 (91) 1625 (100)

All values reported as number of patients (%).
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(Hunt and Hess grades IV and V) did not have any impact 
on the association between DDAVP use and rebleeding 
risk. Analysis restricted to the 1245 patients with a proven 
aneurysm did not significantly alter the results, although it 
yielded a wider CI (adjusted OR 0.59, 95% CI 0.29–1.04), 
as was the case for the analysis restricted to the 296 pa-
tients admitted directly to Columbia University Medical 
Center (adjusted OR 0.32, 95% CI 0.04–1.22). The use of 
multiple imputation resulted in a much smaller effect size 
(adjusted OR 0.94, 95% CI 0.89–0.98).

Adverse Effects
As expected, treatment with DDAVP was associated 

with a higher incidence of hyponatremia (Table 4). How-
ever, there was no statistically significant difference in in-
cidence of thrombotic event (pulmonary embolism, deep 
vein thrombosis, or myocardial infarct) or DCI.

Neurological Outcome
A total of 290 patients (18%) died during follow-up, 

and good neurological outcome was recorded in 70% 
of survivors. As expected, rebleeding (OR 4.45, 95% CI 
3.19–6.43), poor clinical grade on admission (OR 10.02, 
95% CI 7.67–13.22), and presence of a large aneurysm 
(OR 2.71, 95% CI 2.00–3.69) were all strongly associated 
with a poor 90-day outcome. After adjustment, treatment 
with DDAVP was associated with a 47% improvement 
in odds of good neurological outcome (OR 1.47, 95% CI 
1.06–2.03).

Discussion
Our results indicate that in patients with SAH, treat-

ment with DDAVP at admission is associated with a sig-
nificant reduction in odds of rebleeding. To the best of 
our knowledge, such a finding has not yet been published. 
If this association represents a real treatment effect, it 
has the potential to improve patient outcome tremen-
dously. With an expected rate of events of 10%, the num-
ber needed to treat would be 16.8 to prevent 1 rebleeding 
incident.

In our cohort, this association held true after control-
ling for antiplatelet exposure, suggesting a potential ben-
efit independent of medication-induced platelet dysfunc-
tion. It has already been demonstrated that patients with 

SAH show reduced platelet aggregability and thrombox-
ane release after the index event, which is associated with 
higher risks of rebleeding.8 It is plausible that DDAVP re-
verses, at least partially, these endogenous abnormalities 
by increasing plasma levels of von Willebrand factor and 
factor VIII. It suggests that we could consider treatment in 
all patients with SAH, independently of prior exposure to 
an antiplatelet.

In the SHOP database, although antiplatelet users were 
more than 3 times as likely to be treated with DDAVP, 
most patients who received DDAVP (70%) after 2008 were 
in fact not antiplatelet or NSAID users. Moreover, among 
patients with antiplatelet exposure, a significant propor-
tion (60%) did not receive DDAVP. This observation held 
true in the subgroup of patients admitted directly from the 
Columbia University Medical Center emergency depart-
ment, effectively ruling out the possibility of DDAVP ad-
ministration prior to transfer that could have been missed 
as a reason for such erratic rates of treatment.

A possible explanation is that given the low risk of the 
therapy, it was provided on an emergent basis when there 
was even a remote clinical suspicion of exposure to any 
antiplatelet, including NSAIDs. Another possibility is a 
variation in practice among physicians caring for patients 
with SAH in our center. Interaction between antiplatelet 
use and DDAVP treatment on the additive scale was not 
explored because antiplatelet use was not significantly as-
sociated with rebleeding.13 However, the power to detect 
an association between aspirin use and rebleeding with-
in our sample was approximately 20%, possibly due to 
the shrinking in effect size secondary to treatment with 
DDAVP.

Another important finding in our cohort is the absence 
of association between transfusion of platelets and re-
bleeding, even after adjustment for antiplatelet exposure. 
Coupled with the recent findings of worse outcome in 
patients with intracerebral hematoma receiving platelet 
transfusion,1 this is a strong argument to avoid use of this 
blood product, which is both costly and associated with 
multiple complications.15 The lack of evidence supporting 
its use is a strong argument to revisit its role in hemostatic 
optimization in patients with SAH, including for those 
taking antiplatelet medication.

The strengths of our study include the following. The 
incidence of rebleeding in our cohort (9%), the prevalence 
of antiplatelet use (12%), and other clinical characteristics 
were comparable to what has been reported in previous 

TABLE 3. Unadjusted and adjusted ORs for rebleeding in 
patients treated with DDAVP compared with controls

Analysis OR 95% CI

Treated w/ DDAVP (unadjusted) 0.56 0.28–0.95
Treated w/ DDAVP (adjusted for antiplatelet 

use only)
0.52 0.27–0.90

Treated w/ DDAVP (adjusted for antiplatelet 
use & HH*)

0.46 0.23–0.81

Treated w/ DDAVP (adjusted for antiplatelet 
use, HH,* & presence of a large aneurysm†)

0.55 0.27–0.97

* Hunt and Hess grade on admission.
† > 10 mm.

TABLE 4. Complications associated with DDAVP treatment

Complication
Patients Treated w/ 

DDAVP
Control 
Patients p Value

No. of patients 196 1443
Hyponatremia 30 (21) 213 (14) 0.03
Pulmonary embolism 2 (1) 15 (1) 0.65
Deep vein thrombosis 12 (9) 72 (5) 0.06
Myocardial infarct 10 (7) 117 (8) 0.73
DCI 21 (21) 135 (17) 0.30

Values reported as the number of patients (%).
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studies. As explained above, the choice of covariables for 
adjustment was mainly based on prior published work de-
fining risk factors for rebleeding in the same cohort. An-
eurysm repair and delay to repair were not included as po-
tential confounders because rebleeding was often a cause 
for not offering, or for delaying, repair. As such, in many 
cases, the causal relation was reversed.

Loss to follow-up was minimal, with information on 
exposure, primary outcome, and all predictors except an-
eurysm size available for 99% of patients, thereby mini-
mizing selection bias. The prospective nature of data col-
lection also limited information bias. Sensitivity analyses 
confirmed that the results were robust, and missing data 
on aneurysm size were handled with multiple imputation 
according to methodological guidelines from the Patient-
Centered Outcomes Research Institute (https://www.
pcori.org/research-results/about-our-research/research-
methodology/pcori-methodology-standards) and still 
yielded positive results, although with a weaker associa-
tion.

Our study also has limitations. The main threat to va-
lidity in our observational study is confounding by indi-
cation. DDAVP administration was not protocolized or 
universally applied, and although it was given in higher 
proportion among antiplatelet users, the latter does not 
fully account for the decision process underlying its pre-
scription. The potential component of confounding by 
severity was controlled by including neurological status 
at admission and aneurysm size in the regression mod-
eling.

As stated above, another possible explanation for the ob-
served inconsistencies is related to divergence of practice 
among treating physicians. Because it was not measured, 
we were unable to adjust; designs such as matching, or 
methods such as propensity scoring, would not allow con-
trol of this potential residual bias. For example, we would 
be unable to determine if this could be related to individual 
preferences or to other factors such as background training 
(e.g., emergency physician, neurosurgeon, or neurocritical 
care).

Although using the pharmacy database to retrieve all 
cases of DDAVP administration offers a near-perfect ac-
count of in-hospital treatments, it conveys no information 
on potential therapies given in another center before trans-
fer. This nondifferential misclassification (underestima-
tion) of DDAVP exposure biases the association toward 
the null. Moreover, our cohort study included only patients 
from a tertiary, reference care center. DDAVP treatment it-
self is not a standard of care in most centers. Those factors 
might reduce the generalizability of our findings. 

In addition, we lack information on rebleed incidence 
in patients who were not enrolled in our database. Thus we 
cannot exclude the possibility that patients with ultra-early 
rebleeding may have had earlier deaths and did not have 
a chance to enroll in SHOP. Although our results show 
a signal toward better neurological outcome in patients 
treated with DDAVP, the small number of patients in the 
treatment group does not confer enough power to reach 
statistical significance regarding this association. Finally, 
information on exposure is limited in the sense that we do 
not have the exact medications or doses that were taken 

prior to admission, which might have had an association 
with rebleeding.

Conclusions
Rebleeding remains a frequent complication and the 

most serious threat to favorable outcome after SAH. Its 
prevention is a crucial component of early patient man-
agement. DDAVP is a well-known hemostatic agent with 
low rates of serious adverse events. Our findings suggest 
that a single intravenous dose of 0.3 mg/kg at admission 
may be associated with a significant reduction in the risk 
of rebleeding, independent of prior exposure to antiplatelet 
medication. These findings support further inquiry on the 
potential role of DDAVP as first-line therapy for emergent 
medical hemostasis in patients with SAH.
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