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Abstract

Introduction—\Venous thromboembolism (VTE) is a significant contributor to morbidity
and mortality among patients recovering from aneurysmal subarachnoid hemorrhage (aSAH).
Prophylactic heparin reduces the risk of VTE, but the optimal timing for its initiation among
aSAH patients remains unclear.

Objective—To conduct a retrospective study assessing risk factors for VTE and optimal timing
of chemoprophylaxis in patients treated for aSAH.

Methods—From 2016 to 2020, 194 adult patients were treated for aSAH at our institution.
Patient demographics, clinical diagnoses, complications, pharmacologic interventions, and
outcomes were recorded. Risk factors for symptomatic VTE (SVTE) were analyzed via Chi-
squared, univariate, and multivariate regression.

Results—In total 33 patients presented with SVTE (25 DVT, 14 PE). Patients with sVTE

had longer hospital stays (p<0.01) and worse outcomes at one-month (p<0.01) and three-

month follow-up (p= 0.02). Univariate predictors of SVTE included male sex (£=0.03),

Hunt Hess score (p=0.01), Glasgow Coma scale (0=0.02), intracranial hemorrhage (£=0.03),
hydrocephalus requiring external ventricular drain (EVD) placement (p<0.01), and mechanical
ventilation (p<0.01). Only hydrocephalus requiring EVD (p=0.01) and ventilator use (£=0.02)
remained significant upon multivariate analysis. Patients with delayed heparin introduction were
significantly more likely to sustain sSVTE on univariate analysis (£=0.02) with a trend-level
significance on multivariate analysis (p=0.07).

Conclusions—~Patients with aSAH are more likely to develop sVTE following use of
perioperative EVD or mechanical ventilation. SVTE leads to longer hospital stays and worse
outcomes among patients treated for aSAH. Delayed heparin initiation increases the risk of SVTE.
Our results may help guide surgical decision-making during recovery from aSAH and improve
VTE-related postoperative outcomes.
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Introduction:

Methods:

Aneurysmal subarachnoid hemorrhage (aSAH) is a complex disorder with a 35% mortality
and substantial lasting disabilities.> Nearly 25% of patients die before reaching medical
attention while survivors face the risk of secondary disease including aneurysm re-rupture
and vasospasm.2 Among these complications are deep vein thrombosis (DVT) and
pulmonary embolism (PE), which have been shown to emerge in roughly 20% of patients,
typically within the first two weeks post-hemorrhage.3: 4 These venous thromboembolisms
(VTE) significantly increase morbidity and mortality among neurosurgical patients.®

Several risk factors associated with VTE have been identified in patients after aSAH,
including male sex, coagulopathies, neurologic disorders, and obesity.5 Identifying
additional risk factors can aid clinicians in determining which patients may most benefit
from aggressive preventative therapies. Previous work has also shown that heparin
prophylaxis in neurosurgical patients significantly reduces the risk of VTE.” 8 However,
early heparinization following surgery, especially in a patient suffering from an acute bleed,
may result in hemorrhagic complications.® Thus, it remains unclear when is optimal to
initiate heparin in patients recovering from aSAH.

We sought to determine the factors impacting VTE risk among patients treated for aSAH.
In addition, we aimed to assess the optimal timing of heparin debut following treatment for
aSAH to minimize VTE while limiting further bleeding.

Data Extraction

All patients who presented with aSAH between 2016 and 2020 at a single institution

were retrospectively identified. Chart review was performed via electronic patient records,
and data was extracted radiology reports, medication lists, progress notes, and discharge
summaries with approval of our institutional review board. As this study was retrospective in
nature, informed consent was not required.

Patient demographics were collected, including age, gender, race, and body mass index
(BMI). Clinical presentation was assessed via Hunt Hess score and Glasgow Coma Scale.
Pertinent comorbidities noted included intraventricular hemorrhage (1\VVH), intracerebral
hemorrhage (ICH), hydrocephalus, and emergent pre-operative placement of an external
ventricular drain (EVD). Use of anti-coagulant or anti-platelet medications during the pre-
operative period was also noted. Procedural characteristics noted include technique (surgical
clipping or endovascular coiling) and number of aneurysms treated. Post-operatively, the
initiation time and dosage of subcutaneous unfractionated heparin were recorded. Time

to heparinization was calculated as the difference between admission time and time of
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heparin administration. Our institutional protocol is to utilize both mechanical and chemical
VTE prophylaxis post-operatively. All patients were confirmed to be wearing sequential
compression devices for mechanical VTE prophylaxis for the duration of their admissions.
Patients who presented with symptoms indicating possible DVT (e.g., leg swelling, leg pain)
or PE (e.g., shortness of breath) were evaluated via imaging for definitive diagnosis. The
presence of DVT was confirmed via Duplex ultrasonography and PEs were confirmed by
CT scan. When possible, patient outcomes were assessed at one- and three-month follow-up
using the Modified Rankin Scale (mRS). Analyses were restricted to individuals aged 18
years or older.

Statistical Analyses

Results:

aSAH patients with and without symptomatic venous thromboembolism (sVTE) were
compared. Differences in categorical variables were computed using Chi-squared analysis,
while those in continuous variables were assessed using non-parametric #tests. Significant
variables were then assessed as a univariate predictor using logistic regression. Significant
predictors from univariate analysis were incorporated into a multivariate logistic regression
to identify significant factors. All analyses were performed using R version 4.2.0. A
significance threshold of p<0.05 was applied in all analyses.

Demographic and Clinical Characteristics

194 patients were treated for aSAHs between 2016 and 2020, 33 of whom developed
post-operative SVTE (25 DVTs and 14 PEs). Patients with and without SVTE were

not statistically different in age, race, BMI, surgical technique (aneurysm clipping or
endovascular coiling), number of aneurysms treated, incidence of vasospasm, pre-operative
anti-coagulant/anti-platelet medication use, or use of aspirin or platelet infusions (Table 1).
Men were more likely to present with SVTE than women (p=0.04).

More severe aSAHSs as measured by Hunt Hess score and Glasgow Coma scale were
significantly associated with sVTE (both p<0.01). Additionally, patients initially presenting
with ICH (p=0.04) but not IVH (p=0.07) were more likely to have a SVTE. Incidence of
additional hemorrhages post-operatively was not significantly linked to sVTE. sVTE was
more likely among patients who were placed on ventilation (p<0.01) and those presenting
with hydrocephalus requiring EVD (p<0.01).

The number of hours from initial hospital admission to first usage of subcutaneous

heparin were calculated for each patient, with a median time of 53.7 hours. Patients were
dichotomized into the lower 50% (early heparin) and upper 50% (delayed heparin) of times
to heparinization. Patients in the delayed heparin group were significantly more likely to
present with SVTE than in those in the delayed group (p=0.02) (Figure 1a). There was

no significant difference in heparin regiment (e.g., twice per day, thrice per day) between
patients with and without SVTE.
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Univariate Predictors for Thromboembolic Complications

Metrics shown to be significant or near-significant via chi-squared analyses were further
characterized using univariable logistic regression (Table 2). Male patients were significantly
more likely to develop sVTE (odds ratio [OR] 2.36, 95% confidence interval [CI] 1.08-5.11,
£=0.03). Patients with more severe clinical presentation at admission, as measured by the
Hunt Hess (OR 1.46, CI 1.10-1.96, £=0.01) and Glasgow Coma (OR 0.90, CI 0.82-0.98,
p=0.02) scales were also more likely to present with a SVTE. GCS was omitted from
univariate analysis due to redundancy with the Hunt Hess scale. ICH (OR 2.47, Cl 1.12-
5.39, p=0.02) but not IVH (OR 2.53, CI 0.99-6.50, p=0.05) was associated with SVTE.

Both hydrocephalus requiring EVD (OR 5.40, Cl 2.38-13.51, p<0.01) and mechanical
ventilation use (OR 3.96, Cl 1.83-9.06, p<0.01) were also risk factors for sSVTE. Delayed
heparinization was also associated with higher incidence of sVTE (OR 2.72, Cl 1.24-6.32,

p=0.02).

Multivariate Logistic Regression for Thromboembolic Complications

Significant characteristics from univariate analysis were included in a multivariate logistic
regression model to determine which factors independently predicted sVTE (Table 3).
Hydrocephalus requiring EVD (OR 4.15, CI 1.57-11.90, p=0.01) and mechanical ventilation
use (OR 2.91, CI 1.18-7.44, p=0.02) were independently associated with sVTE. Delayed
heparinization showed a trend-level independent association with increased incidence of
SVTE (OR 2.29, CI 0.95-5.90, p=0.07).

Venous Thromboembolism, Heparin, and Patient Outcomes

SVTE was associated with worse patient prognosis. Those who developed sVTE displayed
poorer outcomes as measured by mRS scores at both one- (p<0.01) and three- (p=0.02)
month follow-up (Table 4). Patients with sSVTE also had significantly longer hospital stays,
defined as time from admission to discharge, than those without (p<0.01). Early heparin was
not significantly associated with a higher incidence of post-operative hemorrhage (Figure
1b).

Discussion:

Those patients who survive initial treatment for aSAH face a prolonged recovery with great
risk of mortality and further disability. VTE increases the risk of death among neurosurgical
patients, with estimates of the mortality rate of PE ranging from 9 to 50%.% Our work
shows that patients with symptomatic thromboembolic complications were significantly
more likely to present with worse outcomes several months following aneurysm rupture. We
also found that SVTE was associated with longer hospital stays, a well-studied relationship
that poses significantly higher costs to patients.5: 19: 11 Thromboembolic complications
clearly pose harm to aSAH patients, and there is need for prophylactic strategies.

A robust understanding of risk factors is important in predicting those patients most likely
to develop thromboembolic complications. Like previous work, we show that male sex is an
independent predictor of sSVTE among aSAH patients.® In the general population, incidence
of DVT is elevated in men, and our work suggests that this discrepancy holds among those
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treated for aSAH.12 Clinical SAH severity and incidence of intracerebral hemorrhage were
found to be significantly associated with the development of SVTE on univariate analysis.
Our results match those from similar studies which find that aSAH patients with more severe
disease presentations have increased incidence of sVTE.13 Interestingly, most factors related
to neurosurgical clinical course (procedural technique, vasospasm, intraoperative platelet
use) were not significant predictors of SVTE. A notable exception includes EVD placement,
which has previously been linked to SVTE and may be a proxy for clinical severity.4 1415
The use of mechanical ventilation by patients in our cohort was also linked to increased risk
of SVTE, likely due to decreased mobilization during recovery. Increased mobilization has
been found to decrease incidence of vasospasm and sVTE, including among patients with
aSAH.4 14, 16-18

Chemical prophylaxis is another important strategy in mitigating the risk of VTE.
Prophylactic heparin has been shown to reduce the risk of DVT without increasing

the risk of bleeding events or death in aSAH.% 19-21 Yet there is limited research as

to the appropriate timing of heparin introduction in this population. Though it is clear
that the efficacy of prophylactic heparin is time-dependent, there is some concern that
early administration may increase the risk of intracranial hemorrhage.1” 22 Certainly
some concern is warranted, as initiation of heparin within four hours of ventriculostomy
placement significantly increased the odds of tract hemorrhage in a cohort of patients
with aSAH requiring external ventricular drain placement.® Moreover, prophylactic
unfractionated heparin use in neurotrauma patients has been shown effective in decreasing
thromboembolisms while not increasing the rate of hemorrhagic complications.2> Among
other neurosurgical trauma populations, delayed initiation of chemoprophylaxis has been
shown to increase the risk of VTE.15 24

However, there is little to no direct evidence elucidating this relationship between heparin
timing and VVTE rates among aSAH patients. We find that patients with aSAH show
increased risk of SVTE when heparin is delayed after admission. Other work in aSAH

also found that heparin use within 24 hours of the treatment of ruptured aneurysm was
generally safe, though this group did not characterize development of VTE.2% Overall, early
initialization appears to be important in maintaining the efficacy of prophylactic heparin
among patients with aSAH, while the risk of hemorrhagic complication is low. Nevertheless,
a thorough review of patient history for risk factors, including thrombocytopenia, antiplatelet
agents, and renal replacement therapy, is also warranted to mitigate complications of heparin
thromboprophylaxis.28

This study has several limitations. First, the retrospective nature of our study does not
permit the randomization of patients with aSAH to different heparin initiation times. It also
prevents us from determining causality with our risk factors. This study also encompasses
the experience of patients at a single institution over five years. A larger, multi-institutional
cohort of patients may be required to validate these findings. Additionally, there were only
33 patients presenting with SVTE in our study population. Our multivariate logistic model
utilizes seven variables, with an event-per-variable ratio of 4.7. Prior work suggests that
studies with lower event-per-variable ratios may be subject to more bias in calculating
regression coefficients.2” Thus, future work with larger study populations may be required
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to validate this multivariate risk model. Lastly, at our institution, the decision of when to
initiate and how to dose heparin rests on the surgical and medical teams. These decisions
incorporate physician experience alongside patient presentation, which may incorporate
bias into when heparin was administered. Regardless, the present study may help guide
providers in determining the risk of sVTE among patients with aSAH and guide them on the

appropriate use of prophylactic anti-coagulation.

Conclusion:

Prophylactic heparin therapy is effective in reducing the risk of VTE —a common finding
among patients with aSAH. We show that in 194 cases, our SVTE rate was 17%. Patients
with s\VTE had longer hospital stays and worse outcomes at both one- and three-month
follow-up visits. Significant SVTE risk factors on univariate analysis included male sex,
Hunt Hess score, Glasgow Coma scale, ICH, hydrocephalus requiring EVD, and use

of mechanical ventilation. Only hydrocephalus requiring EVD and use of mechanical
ventilation remained significant upon multivariate analysis, while delayed heparinization
showed a trend-level independent association with sSVTE We also find that aSAH who
experience a delay in the initiation of heparin prophylaxis are significantly more likely to
develop sVTE. Through careful evaluation of patient risk factors and deliberately timed
heparin administration, VTE may be reduced among patients with aSAH.
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Figure 1.

Delayed
Heparin

Patients who sustained delayed heparin initiation had a significantly higher rate of
symptomatic VTE than those who began heparin earlier during their admission (a), but they
exhibited no difference in the rate of post-operative hemorrhage (b). The asterisk denotes a

statistically significant difference (p<0.05).
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Demographics and clinical characteristics of all patients who received treatment for aneurysmal subarachnoid

hemorrhage from 2016-2020.

No Symptomatic

Symptomatic Thromboembolic

Thromboembo_lic Complications Complications (n=33) p-value
(n=161)

Age (mean years) (SD) 56.0 (14.2) 55.5(13.3) 0.84
Gender 0.04

Female (%) 119 (74) 18 (55)

Male (%) 42 (26) 15 (45)
Race 0.53

White (%) 70 (43) 15 (45)

Black (%) 59 (37) 15 (45)

Hispanic (%) 15 (10) 2 (6)

Other (%) 15 (10) 1(3)
BMI (mean) (SD) 28.2 (6.9) 26.5 (8.9) 0.31
Hunt Hess Score <0.01

2 or less (%) 87 (51) 9(27)

>2 (%) 74 (49) 24 (73)
Glasgow Coma Scale <0.01

>12 (%) 114 (71) 14 (42)

8t0 12 (%) 17 (12) 11 (33)

<8 (%) 30 (19) 8 (24)
IVH (%) 103 (64) 27 (82) 0.07
ICH (%) 37 (23) 14 (42) 0.04
Hydrocephalus requiring EVD (%) 59 (37) 25 (76) <0.01
Craniotomy (%) 72 (45) 18 (56) 0.40
Coiling (%) 86 (53) 15 (45) 0.52
Mechanical Ventilation (%) 54 (34) 22 (67) <0.01
Pre-operative anti-coagulant or anti-platelet use (%) 27 (17) 8 (24) 0.44
Received Platelet Infusion (%) 34 (21) 12 (36) 0.10
Number of aneurysms treated 0.47

1 (%) 130 (81) 29 (88)

>1 (%) 31(19) 4(12)
Received ASA post-operatively (%) 55 (34) 7(21) 0.21
New hemorrhage post-operatively (%) 11(7) 6 (18) 0.08
'(I'r;]r(r;(ejitacr)1 r;]%%ar;l)n(;écll)n)nmstratlon from admission 52.0 (31.0) 50.9 (24.4) 0.80
Heparin Dose Administered 0.17

5000 U SQ every 12 hours (%) 42 (26) 8 (24)

5000 U SQ every 8 hours (%) 115 (71) 22 (67)

Other (%) 4(2) 3(9)
Delayed heparinization (%) 72 (46) 23(70) 0.02
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BMI, body mass index; EVD, external ventricular drain; ICH, intracerebral hemorrhage; I\VH, intraventricular hemorrhage; SD, standard deviation;
SQ, subcutaneously

Bolded values indicate statistical significance (p<0.05)
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Table 2.

Univariate logistic regression analysis of all risk factors associated with symptomatic venous
thromboembolism in patients treated for aneurysmal subarachnoid hemorrhage.

OR (95% ClI) p-value

Gender (male) 2.36 (1.08, 5.11) 0.03
Hunt Hess Grade 1.46 (1.10, 1.96) 0.01
Glasgow Coma Scale 0.90 (0.82, 0.98) 0.02
IVH 2.53(0.99, 6.50) 0.05
ICH 247(1.12,539)  0.02

Hydrocephalus requiring EVD 5.40(2.38,13.51) <0.01
Requiring mechanical ventilation ~ 3.96 (1.83, 9.06) <0.01
Delayed heparinization 2.72 (1.24,6.32) 0.02

Cl, confidence interval; EVD, external ventricular drain; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; OR, odds ratio

Bolded values indicate statistical significance (p<0.05)
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Table 3.

Multivariate logistic regression analysis of all risk factors associated with symptomatic venous
thromboembolism in patients treated for aneurysmal subarachnoid hemorrhage.

p-value

OR (95% Cl)
Gender (male) 2.01(0.84,4.74)
Hunt Hess Grade 0.91 (0.51, 1.62)
Glasgow Coma Scale 1.01 (0.85, 1.20)
ICH 1.52 (0.60, 3.77)

Hydrocephalus requiring EVD 4.15 (1.57, 11.90)
Requiring mechanical ventilation ~ 2.91 (1.18, 7.44)
Delayed heparinization 2.29 (0.95, 5.90)

0.11
0.76
0.87
0.37
0.01
0.02
0.07

ClI, confidence interval; EVD, external ventricular drain; ICH, intracerebral hemorrhage; OR, odds ratio

Bolded values indicate statistical significance (p<0.05)
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Table 4.

Effect of symptomatic venous thromboembolism on length of hospital stay and outcomes as measured by mRS
at one- and three-month follow-up visit.

No Symptomatic Thromboembolic

Complications Symptomatic Thromboembolic Complications  p-value
mRS, 1 month follow-up <0.01
2 or less (%) 93 (58) 7(22)
>2 (%) 68 (42) 26 (78)
mRS, 3 months follow-up 0.02
2 or less (%) 87 (66) 12 (40)
>2 (%) 45 (34) 18 (60)
Length of hospital stay <0.01
21 days or less (%) 101 (63) 6 (18)
>21 days (%) 60 (37) 27 (82)

mRS, Modified Rankin scale

Bolded values indicate statistical significance (p<0.05)
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