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Abstract

Background Subarachnoid hemorrhage is a severe subtype of hemorrhagic stroke, and deep-vein thrombosis is a frequent
complication detected in these patients. In addition to other well-established risk factors, the early activation of coagulation
systems present in patients with subarachnoid hemorrhage could potentially play a role in the incidence of deep-vein thrombosis.
This study aims to identify possible predictors for deep-vein thrombosis related to subarachnoid hemorrhage.

Methods We conducted a retrospective cohort study on patients with a diagnosis of subarachnoid hemorrhage who presented to our
institution between 1 January 2014 and 1 August 2018. We reviewed electronic medical records and analyzed several parameters such
as Fisher scale, World Federation of Neurosurgical Surgeons scale, aneurysm site, surgical or endovascular treatment, decompressive
craniectomy, vasospasm, infection (meningitis and pneumonia), presence of motor deficit, length of stay in the ICU, length of hospital
stay, number of days under ventilator support, d-dimer at hospitalization, and the time to thromboprophylaxis (days).

Results The univariate analysis showed that intraparenchymal cerebral hemorrhage, d-dimer at hospitalization, the time to
thromboprophylaxis, motor deficit, and aneurysm located at the internal carotid artery were statistically significant factors.
Intraparenchymal cerebral hemorrhage (OR 2,78 95%CI 1.07-7.12), motor deficit (OR 3.46; 95%CI 1.37-9.31), and d-dimer
at hospitalization (OR 1.002 95% CI 1.001-1.003) were demonstrated as independent risk factors for deep-vein thrombosis.
Length of hospital stay was also found to be significantly longer in patients who developed deep-vein thrombosis (p value 0.018).
Conclusion Elevated d-dimer level at the time of hospitalization, motor deficit, and the presence of an intraparenchymal hem-
orrhage are independent risk factors for deep-vein thrombosis. Patients with DVT also had a significantly longer hospital stay.
Even though further studies are needed, patients with elevated d-dimer at hospitalization and intraparenchymal cerebral hemor-
rhage may benefit from a more aggressive screening strategy for deep-vein thrombosis.
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Introduction

Subarachnoid hemorrhage (SAH) is a severe subtype of hem-
orrhagic stroke associated with a high risk of mortality and
disability [4].

The connection between the arterial circulation and the
subarachnoid space causes a rapid increase in intracranial
pressure, possibly leading to death within minutes [5].

Survivors from acute hemorrhage may develop delayed
cerebral ischemia (DCI), which was historically related to va-
sospasm, but recent findings suggest that its pathogenesis is
more complex and still not completely understood [16].
Prompt activation of the coagulation system could play a role
in SAH pathogenesis contributing to microthrombosis and
DCI [18].

Besides neurological complications, venous thromboem-
bolism, which encompasses deep-vein thrombosis (DVT)
and pulmonary embolism, is not an uncommon evenience in
these patients (incidence ranging from 3.4 to 24%) and it is
associated with an increased mortality and morbidity rate [7,
9, 12, 15]. Previously established risk factors are increased
age, black race, male sex, paralysis, neurologic disorders,
and coagulopathy [7]. We hypothesized that in addition to
well-established risk factors, the forceful early activation of
the coagulation system present in patients with SAH could
potentially relate with the risk of DVT.

This study aims to evaluate early predictors of deep-vein
thrombosis in SAH patients, in order to identify patients
which could benefit from a more aggressive screening
strategy.

Methods

We conducted a retrospective cohort study on patients suffer-
ing from SAH. The study protocol was in accordance with the
1964 Declaration of Helsinki and its later amendments.
Informed consent was obtained whenever possible from each
participant or its legal representative. The study protocol was
reviewed and approved by the Ethics Committee for Clinical
Research of the Padova Medical Hospital.

A retrospective review of electronic medical records (EMR)
of patients with SAH who presented at our institution (University
Hospital of Padova) from 1 January 2014 to 1 August 2018 was
performed in order to obtain demographic information such as
age, gender, and past medical history. Past medical history in-
cluded history of hypertension, diabetes, use of tobacco, obesity
(BMI > 30 kg/m?), and chronic kidney disease (collected by
ICD-10 codes). These data were used as preliminary group com-
parison to evaluate group homogeneity. Inclusion criteria were
age > 18 years and radiological and clinical diagnosis of acute
SAH. Exclusion criteria were prior use of anticoagulants or he-
patic dysfunction with coagulopathy.
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Secondly, we reviewed EMR in order to obtain SAH-
related data such as Fisher scale, World Federation of
Neurosurgical Surgeons (WFNS) scale, aneurysm site (ante-
rior cerebral artery [ACA], anterior communicating artery
[ACoAl], internal carotid artery [ICA], middle cerebral artery
[MCA], posterior cerebral artery [PCA], sine materia [SM]),
intraventricular hemorrhage (IVH), intraparenchymal cerebral
hemorrhage (ICH), surgical or endovascular treatment, de-
compressive craniectomy, vasospasm, d-dimer (mcg/L) at
hospitalization, time to thromboprophylaxis(days), total days
under mechanical ventilation (days), infections (e.g., pneumo-
nia, meningitidis), motor deficit (plegia or paresis), length of
hospitalization, ICU length of stay(days), and anamnestic fac-
tors such as active smoking, obesity, diabetes, hypertension,
and age. These factors were analyzed as possible predictors of
DVT related to SAH.

Moreover, we searched in EMR for DVT events in the
90 days following SAH. Venous duplex ultrasound was usu-
ally done according to our local clinical practice at least once
during the first 2 weeks, and further DVT screening was based
on clinical suspicion.

D-dimer was analyzed using an immunoturbidimetric as-
say applied on a Sysmex CS-5100 System using SCLAVO
reagents. The upper limit for normal values has been defined
by our laboratory at 250 mcg/L and is increased by 50 mcg/L
for every decade of age after 50 years.

Data for each continuous variable was analyzed for a
normal distribution using the Shapiro-Wilk test. Results
for continuous variables with normal distributions were
expressed as mean (standard deviation) values; those with
non-normal distributions were expressed as median (first-
third quartile) values. Analysis of data with a normal or a
non-normal distribution was performed using the two-tail
Student’s ¢ test and the Mann-Whitney U test, respective-
ly. The results for analyses of categorical variables were
reported as numbers (percentages) and were compared
between groups using the chi-square test or the Fisher’s
exact test when appropriate.

To determine the relationships between the dependent cat-
egorical variable (i.e., DVT) and one or more independent
categorical variables (i.e., DVT predictors), we performed a
multiple logistic regression analysis to calculate odds ratios
(ORs) with 95% confidence intervals (Cls), performing back-
ward and forward stepwise regression to select the best model.

The area under the receiver operating characteristic (ROC)
curve was used to examine the predictive performance of
DVT predictors. The sensitivity and specificity plots were
used to determine the cut-off points for DVT prediction.
Days free from DVT were estimated by using Kaplan-Meier
analysis.

All statistical analyses were performed using R version
3.4.0 (2017-04-21). P values < 0.05 were considered to indi-
cate a statistically significant result.
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Results

A total of 170 patients were admitted at our institution with a
diagnosis of SAH between 1 January 2014 and 1 August
2018. Median age was 59.5 (50-70), 56 were male, and 114
were female. Aneurysms locations were distributed as fol-
lows: ACA 13 (7.6%), AcoA 57 (33.5%), ICA 19 (11.2%),
MCA 32 (18.8%), PCA 37 (21.7%), and SM 12 (7.0%).

Forty-three patients developed a clinically evident infection
requiring antibiotic therapy: 42 developed pneumonia with
typical lung infiltrates and a single patient developed a
meningitidis with positive cerebrospinal fluid cultures.

Twenty-nine patients (17%) developed DVT (day of diag-
nosis 10 [7-17]). No episodes of pulmonary embolism were
detected. Homogeneity across DVT group and non-DVT
group is reported in Table 1. Median time to DVT diagnosis
was 10 days. Among the patients with confirmed DVT, 15
developed proximal vein thrombosis, whereas 14 developed
distal DVT of the soleal veins. Among the distal DVT groups,
further screening reported no cases of proximal progression
after the initiation of anticoagulation therapy.

Univariate analysis of DVT predictors related to SAH iden-
tified a statistically significant difference between groups for
the following variables: aneurysm located in ICA, ICH, d-
dimer at the time of hospitalization, time to pharmacological
thromboprophylaxis (PT), and motor deficit (Tables 1 and 2).

However, logistic regression identified only ICH (OR 2.78;
95%CI 1.07-7.12), d-dimer at hospitalization (OR 1.002;
95% CI 1.001-1.003), and motor deficit (OR 3.46; 95%CI
1.37-9.31) as independent risk factors for DVT (Table 3).

The reported ROC curve for d-dimer level at the time of
hospitalization had an area under the curve (AUC) of 0.678
(95%CI: 0.5736-0.782) with a Youden index identified at
687 mcg/L (Fig. 1); a higher AUC was found evaluating the
combined ROC curve for both d-dimer and ICH (AUC 0.714;

Table 1  Univariate analysis of classic predictors of deep-vein throm-
bosis. DVT deep-vein thrombosis, BMI body mass index, CKD chronic
kidney disease

DVT (n=29) No DVT (n=141) p value
Male sex 10 (34.50%) 46 (32.60%) 0.846
Age (years) 63(53-72) 58(48-69) 0.155
Cancer 0 (0.00%) 2 (1.40%) 0.518
Diabetes mellitus 2 (6.90%) 9 (6.40%) 0918
Liver disease 0 (0.00%) 3 (2.10%) 0.428
BMI > 30 kg/em® 0 (0.00%) 2 (1.40%) 0.518
Hypertension 16 (55.20%) 58 (41.10%) 0.165
CKD (%) 0 (0.00%) 1 (0.70%) 0.649
Tobacco use 6 (20.70%) 32 (22.70%) 0.813

*Statistically significant results

Table 2  Univariate analysis of possible predictors of deep-vein throm-
bosis linked to subarachnoid hemorrhage.

DVT (n=29) NoDVT (n=141) p value
ICA 0 (0.00%) 18 (13.47%) 0.046%*
MCA 7 (24.13%) 25 (17.73%) 0.467
ACA 3 (10.34%) 10 (7.09%) 0.388
ACoA 12 (41.37%) 48 (34.04%) 1.000
CP 6 (20.68%) 30 (21.98%) 0.437
SM 1 (3.44%) 10 (7.80%) 0.693
ICH 11 (37.90%) 27 (19.10%) 0.027*
IVH 14 (48.30%) 71 (50.40%) 0.838
Vasospasm 9 (31.00%) 41 (29.10%) 0.833
Surgical clipping 14 (48.30%) 45 (31.90%) 0.091
Dec craniectomy 5(17.20%) 12 (8.5%) 0.153
WEFENS scale 2 (1-5) 3 (2-5) 0.996
Fisher scale 4 (3-4) 4 (3-4) 0.168
D-dimer at hosp (mcg/L) 965 (488-2166) 543 (266-1107) 0.002*
PT start (days) 4 (3-5) 3(24) 0.010%
Ventilation days (days) 14.17 £ 11.46  11.06 + 12.31 0.196
Infection (%) 8 (27.59%) 35 (24.82%) 0.755
Motor deficit (%) 17 (58.62%) 47 (33.33%) 0.010%*

ICA internal carotid artery, MCA middle cerebral artery, ACA anterior
cerebral artery, ACoA anterior communicating artery, CP posterior cere-
bral artery, SM sine materia, /CH intraparenchymal cerebral hemorrhage,
IVH intraventricular hemorrhage, WFNS World Federation of
Neurological Surgeons, PT pharmacologic thromboprophylaxis

*Statistically significant results

CI: 0.614-0.810) and d-dimer, ICH, and motor deficit (AUC:
0.718; CI 0.618-0.815) (Fig. 2).

Kaplan-Meier curves for both a d-dimer level of 687 mcg/L
(p value 0.006) and ICH (p value 0.003) are reported in Figs. 3
and 4 respectively.

Although ICU length of stay was not different among the
groups (20.00+15.19 vs 16.57 +15.99; p value 0.278), pa-
tients with DVT had a statistically significant longer hospital
stay (38.62 £20.65 vs 28.27 £21.42; p value 0.018).

Discussion

In our study, we found that in patients with SAH, the elevation
of d-dimer levels at the time of hospitalization, the presence of
motor deficit, and the presence of an ICH are independent risk
factors for DVT.

Length of hospital stay was also found to be significantly
increased in patients with DVT, whereas length of ICU stay
was not significant.

Time on ventilatory support was used as a surrogate marker
for immobility and sedation and has been previously associ-
ated with DVT in several studies [10]. On average, our

@ Springer



2298 Acta Neurochir (2020) 162:2295-2301

Table 3  Logistic regression and fitted model of possible predictors of deep-vein thrombosis linked to subarachnoid hemorrhage.

Logistic regression Fitted model

OR 95% CI p value OR 95% Cl p value
ICA (%) 6.26 * 1078 3.5.83 * 107°°-2.68 * 10** 0.990
MCA(%) 0.99 0.18-6.35 0.997
ACA(%) 1.15 0.34-4.32 0.935
ACoA(%) 1.40 0.29-8.49 0.638
CP(%) 1.25 0.23-8.32 0.802
SM(%) 0.65 0.02-9.61 0.769
ICH(%) 2.59 0.81-8.39 0.106 2.78 1.07-7.12 0.032*
IVH(%) 0.99 0.33-2.99 0.986
Vasospasm (%) 1.11 0.38-3.05 0.840
Surgical clipping (%) 0.49 0.16-1.42 0.194
Dec craniectomy (%) 1.65 0.34.-7.75 0.520
WENS scale 0.71 0.43-1.10 0.147 0.73 0.50-1.02 0.086
Fisher 0.97 0.001-1.11 0.819
D-dimer at hosp (mcg/L) 1.003 1.001-1.005 0.028* 1.002 1.001-1.003 0.042*
PT start (days) 1.16 0.90-1.05 0.226
Ventilation days (days) 1.004 0.95-1.05 0.864
Infection (%) 0.71 0.20-2.44 0.597
Motor deficit (%) 6.3 1.77-24.2 0.005* 3.46 1.37-9.31 0.010*

ICA internal carotid artery, MCA middle cerebral artery, ACA anterior cerebral artery, ACoA anterior communicating artery, CP posterior cerebral artery,
SM sine materia, /CH intraparenchymal cerebral hemorrhage, /VH intraventricular hemorrhage, WFNS World Federation of Neurological Surgeons, PT
pharmacologic thromboprophylaxis

*Statistically significant results
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Fig. 3 Kaplan-Meier curve for deep-vein thrombosis and
intraparenchymal cerebral hemorrhage (p value 0.003). Black continuous
line represents population without intraparenchymal cerebral hemorrhage
while blue dotted line represents population with intraparenchymal cere-
bral hemorrhage

patients were ventilated for 11.6 days before extubation or
spontaneous breathing with tracheostomy. There was no sta-
tistically significant difference in the number of days on ven-
tilatory support between the DVT group and the non-DVT
group.

The management of DVT and its pharmacological prophy-
laxis is challenging in the context of acute intracranial bleed-
ing. Furthermore, patients with SAH often require the place-
ment of an external ventricular drain and/or a craniectomy in
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Fig. 4 Kaplan-Meier curves for deep-vein thrombosis (p value 0.006).
Black continuous line represents population with d-dimer below
687 mcg/L while blue dotted line represents population with d-dimer
above 687 mcg/L

order to secure the ruptured aneurysm or decompress the in-
jured brain [13]. Non-pharmacological strategies include early
mobilization and intermittent pneumatic compression devices
that should be started as soon as possible after hospitalization;
however, current guidelines recommend the association of PT
to lower DVT risk at least 24 h after SAH [13]. Despite guide-
lines, many clinicians are reluctant to start anticoagulants in
these patients and many centers initiate the pharmacological
prophylaxis toward the end of the ICU stay [17]. In our insti-
tution, it is standard practice to initiate thromboprophylaxis
with intermittent pneumatic compression immediately after
hospitalization, whereas enoxaparin at prophylactic dosage
(4000 IU) is typically initiated 48 h after the acute event ex-
cept for patients with pending surgical procedures.
Rebleeding after the initiation of PT was very rare, with only
one patient out of 170 presenting a non-significant rebleeding
of the intracranial hematoma.

Identification of predictors for DVT might be useful
in determining the cohort of patients which can benefit
the most from an in-depth examination and may help us
determine which category of patients requires an early
venous duplex ultrasound, simplifying the screening
process and making it both more cost-effective and less
time consuming.

According to the results of our study, d-dimer levels at the
time of hospitalization and the presence of an ICH can be
predictors of DVT in patients admitted for SAH.

Recent findings suggest that establishing a d-dimer proto-
col in the general neurosurgical population may be beneficial
for the purpose of reducing venous duplex ultrasound [6].
Furthermore, our results are in accordance with those of a
study on Chinese patients with ICH which suggested that
increased d-dimer level poses an increased risk of developing
DVT [3]. In our study, we confirm this finding on the SAH
population analyzed and demonstrate that the presence of ICH
as well as elevated d-dimer levels may increase the likelihood
of DVT. The presence of IVH, on the other hand, was not
associated with DVT in both univariate analysis (p value
0.833) and logistic regression (p value: 0.986).

Motor deficit, a well-established risk factor, is frequently
used in scores to evaluate the risk of deep-vein thrombosis
[19] and is confirmed as an important clinical tool in the as-
sessment of patients with suspect DVT. On the other hand, it
is often discovered in the later stages of the ICU stay when
sedation is reduced, meaning it may be difficult to adopt itin a
screening strategy.

A high d-dimer level is common in patients with SAH [20],
making its clinical use difficult as a standalone predictor
marker for DVT risk. In our study, the median d-dimer level
at admission was generally increased (613 mcg/L) similarly
among patients with or without ICH. Nonetheless, in patients
with ICH who later developed DVT, d-dimer levels were gen-
erally significantly increased (median 849 mcg/L).
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ROC curve for d-dimer, motor deficit, and ICH re-
vealed a slightly higher AUC than the ROC curve for
d-dimer and ICH (AUC was increased by 0.004 com-
pared to ROC for d-dimer and ICH). Considering the
negligible increase in AUC with the addition of motor
deficit to the model, we believe that the presence of
ICH and d-dimer level at hospitalization may represent
an interesting tool for DVT prediction; however, such a
tool needs to be prospectively validated.

Different possible explanation can be formulated to justify
these findings: early activation of the coagulation cascade de-
rived from a bleeding associated with the damage to the blood
brain barrier in the context of an intraparenchymal hemor-
rhage may be associated with an increased level of d-dimer,
a marker of fibrin formation and reactive fibrinolysis, in the
early phase of the disease. The increase in d-dimer in this
context may reflect a potent early activation of the coagulation
cascade. A hypercoagulable state measured through
thromboelastography has been demonstrated in rats after in-
duced SAH [8], and possible explanations include the release
of'tissue factor (TF), abundantly present in the brain tissue [2],
which initiates the coagulation cascade. The release of TF into
the systemic blood circulation leads to the activation of throm-
bin, which in turn promotes the formation of fibrin and platelet
aggregations in the damaged vessel, a fundamental process in
preventing further hemorrhage [1, 14]. It has been demonstrat-
ed that there is a relative imbalance between the levels of TF
and tissue factor plasminogen inhibitor (TFPI) in patients with
SAH and DVT when compared to patients with SAH and no
DVT [11]. This imbalance may partially explain why d-dimer
levels increase in greater proportion in DVT patients when
compared to non-DVT patients. We hypothesize that the
abundance of TF released during the bleeding event promotes
arelative hyperactivation of the coagulation system to counter
the hemorrhage, with greater formation of fibrin, and thus a
greater release of fibrinogen degradation products, including
d-dimer. The aneurysm generally ruptures and inundates the
subarachnoid space with blood and the subarachnoid hemor-
rhage may extend to the parenchymal space: it is reasonable to
assume that the release of tissue factor and the resulting mech-
anism of initial hypercoagulability is greater in this instance
than when the hemorrhage is confined to the subarachnoid
space, but further research is required to prove this hypothesis.

Our study has some limitations that need to be discussed.

A potential bias is related to our limited sample size.
Patients included in this study were retrieved only from the
EMR of our institution, thus limiting the sample.

In order to properly assess which patients can benefit
from a more aggressive screening strategy or a tailored
approach to pharmacoprophylaxis, we believe further re-
search including parameters such as symptomatic deep-
vein thrombosis, cases of pulmonary embolism, and asso-
ciated mortality are needed.
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Conclusion

Elevated d-dimer levels upon hospitalization, motor deficit,
and the presence of intraparenchymal hemorrhage are inde-
pendent risk factors for DVT. Patients with elevated d-dimer
and concomitant intraparenchymal cerebral hemorrhage may
benefit from a more aggressive screening strategy for DVT.
To the best of our knowledge, this is the first study describing
concomitant intraparenchymal cerebral hemorrhage in the set-
ting of SAH as a potential risk factor for DVT.
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