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Abstract

Pharmacological management of intracerebral hemorrhage in adult patients over 65 years of
age requires special considerations due to differing clinical presentations, underlying organ
dysfunction, and more complex medical histories and medication profiles. A literature review
of articles focusing on the age-specific pharmacological management of intracerebral
hemorrhage was conducted. Treatment approaches and clinical outcomes specific to older
adults were evaluated and therapeutic considerations for this population are summarized.
Older adults were commonly included in trials regarding reversal of anticoagulants and
antiplatelet agents and these results are generalizable to older adults. Underlying organ
dysfunction should frequently be considered throughout the treatment of intracerebral
hemorrhage in older adults. Older adults with intracerebral hemorrhage should be managed
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similarly to younger adult patients; however, consideration of age-related comorbidities and
physiological differences is critically important for optimizing patient care.
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1. Introduction

As the population of older adult patients (65 years and older) continues to rise, it is expected
that the incidence of intracerebral hemorrhage (ICH) will increase as well [1, 2]. There are
differences between the presentation and etiology of an ICH in an older adult compared to that of
a younger patient, including a higher prevalence of ventricular extension of the hematoma and
cerebral amyloid angiopathy in older adults [2, 3]. Management of ICH in older adults is challenging
from the initial assessment to treatment decisions due to a lack of evidence-based age-specific
management strategies, and the fact that older adults may have cognitive disorders that complicate
a neurological exam, complex medication regimens, and altered pharmacokinetics [4]. The current
ICH guidelines do not specify treatment strategies for older adult patients with ICH; however,
consideration of age-related comorbidities and physiological differences is critically important for
optimizing patient care.

There are three main considerations for the pharmacological management of ICH — hemostasis,
blood pressure management, and venous thromboembolism (VTE) prophylaxis. This article will
review these treatment strategies and the supporting evidence in older adults.

2. Therapeutic Strategies for Hemostasis

Hemostatic abnormalities due to underlying clotting disorders or daily anticoagulant or
antiplatelet use contribute to the risk of ICH and to clinical outcomes after ICH [5]. One of the
primary goals of ICH treatment is to stop active bleeding and prevent hematoma expansion by
rapidly addressing these abnormalities. Patients taking oral anticoagulants have up to a ten times
higher risk of developing ICH than the general population [6]. Although the risk of ICH is decreased
by about 50% in patients taking direct oral anticoagulants (DOACs) compared to warfarin, patients
with ICH who are taking any oral anticoagulant agent have worse clinical outcomes as compared to
those who do not, including a 1.62 and 1.21 times higher risk of in-hospital mortality for patients on
warfarin and a DOAC, respectively [6, 7]. Antiplatelet use also increases the risk of in-hospital
mortality [7]. The risk of developing a devastating ICH is higher if a patient is on an antiplatelet or
anticoagulant and older adults are more likely to be on these medications than the general
population [8].

Hemostasis can be achieved using various treatment strategies, including prothrombin complex
concentrates (PCC), vitamin K, blood products including fresh frozen plasma (FFP) and platelets,
tranexamic acid, desmopressin, and anticoagulant-specific reversal agents. These therapies have
been used to reduce hematoma expansion and improve outcomes in patients with ICH (Table 1).
Although only two of the trials reviewed provided subgroup analyses based on age, older adults
were well represented in the trials and general management strategies for older patients are similar

Page 2/18



OBM Geriatrics 2021; 5(1), doi:10.21926/obm.geriatr.2101161

to those recommended in published ICH guidelines for reversal of antithrombotics (Table 2) [9].
However, ICH treatment differences do exist for drug dosing for the older adult versus the younger
adult patients due to the confounding variables.

Table 1 Select intracerebral hemorrhage hemostasis clinical studies summary.

Interventions Age Primary Outcome Age-related results
(years)
Mean 65 MRS >4 at 90 days: Age a risk factor for
Mayer, et al. o ; o/ ; . .
rFVila vs placebo + 14 24% in placebo, 26% in  thromboembolic serious
(FAST)  [10] 20 meg/kg, 29% in 80 9
N=841 for ICH (range mcg/kg, o In adverse events, OR 1.1 (95%
23-97) mcg/kg, p >0.05 Cl, 1-1.2) per 5 years, p = 0.02
Venous Higher risk of arterial
. Mean 65 . . .
Diringer, et al. thromboembolism: thromboembolism with
rFVila vs placebo + 14 . i , .
[11] for ICH (range 6% in placebo, 5% in 20 increasing age, OR 1.14 (95%
N=841 23 9g7) mcg/kg, 5% in 80 Cl,1.03-1.27) per 5 years, p =
mcg/kg, p > 0.05 0.012
. FFP vs 4F-PCC for INR < 1.2 within 3 hrs of
Steiner, et al. .
(INCH) 12] warfarin Mean treatment: None
N=50 associated ICH 75.6 9% vs 67%, p = 0.003
- and INR > 2
Baharoelu. et Platelet Mean mRS shift at 3 months:
e, transfusion  vs OR 2.05 (1.18-3.56), p =
al. (PATCH) [13] 73.8
standard of care 0.0114 None
N=190 . (range
for antiplatelet
>80 years, n=62 . 40-94)
associated ICH
Glund, et al. . Mild or moderate renal
Idarucizumab (no Mean 69 . ) ) C g . .
[14] impairment increased No significant difference in
control) for among )
N=28 . . exposure, decreased AUC, half-life, total clearance,
dabigatran in elderly )
65-80 years, clearance, and or plasma concentration
healthy adults group .
n=16 prolonged half-life
Pollack, et al. Idarucizumab (no Median Percentage of reversal
(RE-VERSE AD) control) for 28 of anticoagulant effect “Reversal... occurred
[15] dabigatran within 4 hrs: 100% independently of age...” — no
) (range .
N=503 associated 21-96) further details
ICH, n=98 bleeding
Sprigg, et al. Mean mRS shift at day 90: .
Prespecified subgroup for
(TICH-2)  [16] 68.9 + ORO0.99(0.76-1.03),p = :
TXA vs placebo functional status at 90 days:
N=2,325 13.8 0.11
for ICH <70: OR0.84 (0.68-1.04)
>70 years, (range
>70: OR0.96 (0.77-1.19)
n=1,164 20-101)
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Lu, et al. [17]
N=23

Connolly, et al.
(ANNEXA-4)
[18]

N=249

>65 years,
n=221

Mengel, et al.
[19]
N=140

Idarucizumab (no

control) for
dabigatran
associated ICH
Andexanet alfa
(no control) for
apixaban,
edoxaban,
enoxaparin, or

rivaroxaban
associated
bleeding

Desmopressin
and platelet
transfusion Vs
standard of care
in antiplatelet
associated ICH

Mean
76.2

Mean 77
+11

Median
73

(IQR
15.1)

Hemorrhages
stabilized/resolved in
87%, in-hospital

complications
mortality in 4%
Percent of excellent or
good hemostatic
efficacy at 12 hours:
80% for patients with
ICH

in 4%,

Relative hematoma
expansion (%):

8.5 (12.4) vs 9.1 (16.5),
p =0.825

None

Subgroup analysis for
excellent or good hemostatic
efficacy at 12 hours:

Overall (n=249): 82% (95% ClI
77-87%)

< 65Y0 (n=28): 82% (68-96%)
65-75 YO (n=66): 86% (78-
95%)

> 75 YO (n=155): 80% (74-
86%)

Increasing age associated
with likelihood of poor
outcome and with likelihood
of CT  progression
intracerebral and IVH

of

4F-PCC — four factor prothrombin complex concentrate; AUC — area under the concentration-

time curve; CT — computed tomography; FFP — fresh frozen plasma; ICH — intracerebral

hemorrhage; IQR — interquartile range; IVH — intraventricular hemorrhage; mRS — modified

Rankin scale; OR — odds ratio; rFVlla — recombinant factor VII; TXA — tranexamic acid; YO —years

old

Table 2 Guideline recommendations for the reversal of antiplatelet and anticoagulants
in patients with intracerebral hemorrhage [9].

Home Medication

Recommendation

Antiplatelet

Anticoagulant

Aspirin
P2Y12 inhibitors

Warfarin

Apixaban,
edoxaban,
rivaroxaban*

Dabigatran

Consider DDAVP 0.4 mcg/kg IV

No platelet transfusion if no planned neurosurgical procedure
If INR > 1.4, vitamin K 10 mg IV + 3- or 4-factor PCC (suggest 4-
factor preferred)

Activated charcoal 50 grams if within 2 hours of ingestion +
activated or 4-factor PCC if within 3-5 half-lives of drug*

Activated charcoal 50 grams if within 2 hours of ingestion +

idarucizumab 5 grams IV or hemodialysis if idarucizumab
unavailable

DDAVP — desmopressin; INR — international normalized ratio; IV — intravenous; PCC -

prothrombin complex concentrate

*These guidelines were developed prior to the availability of andexanet alfa.
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Treatment considerations for older adults with ICH include more complex medical histories,
polypharmacy, decreased renal and hepatic function, and goals of care. When an older adult
presents with ICH, home antiplatelet and anticoagulant medications should be highly suspected. A
thorough medication history should be performed by interrogating the patient (if possible), family
members, and the outpatient and inpatient electronic medical records, as this information may
drastically alter the patient’s ICH treatment strategy.

Complicated medical histories are generally accompanied by complex medication regimens,
especially in older adult patients [20]. Therefore, when reviewing home medication lists, drug
interactions with anticoagulant and antiplatelet agents that may increase and prolong the effects
of these agents should be suspected and addressed upon admission and at discharge.

Cardiac, renal, and hepatic function must also be considered in older adults with ICH. Organ
dysfunction can decrease elimination of anticoagulants and antiplatelet agents and will decrease
drug clearance and extend the pharmacodynamic monitoring window for these agents. Doses of
discharge medications should be properly adjusted based on organ function and drug interactions
to prevent excessive anticoagulant effects and recurrent ICH.

Once ICH is controlled, the timing of anticoagulation or antiplatelet resumption is highly debated
[5, 21]. For older adults with more complex medical histories, the indication for anticoagulation
must be considered. A mechanical heart valve or a recent cardiac stent, for example, would be
reasons for restarting home anticoagulation or antiplatelet agents sooner (e.g. 7-10 days) versus
later (e.g. 4-6 weeks).

Table 1 summarizes the representation of older adults in select hemostasis trials. Except for the
special considerations discussed above, ICH management is similar for younger and older adults
(Table 2).

2.1 Anticoagulant Reversal

Anticoagulants increase the risk of ICH and poor outcomes in both older and younger adult
patients [5, 6]. The oral anticoagulants that patients are prescribed in the outpatient setting include
vitamin K antagonists and DOACs.

Warfarin is a vitamin K antagonist with a long half-life of about one week. Because it is an older
drug, it has the most data regarding reversal of its anticoagulant effect. Vitamin K is always
recommended as part of the reversal strategy for warfarin as the replacement of vitamin K is needed
to reverse the effects of warfarin over time. A more recent study, the international normalized ratio
(INR) normalization in coumadin-associated intracranial hemorrhages trial (INCH), established four-
factor PCC as superior to FFP for the reversal of warfarin-associated ICH [12]. Therefore, for
warfarin-associated ICH, both intravenous vitamin K and PCC are recommended (Table 2) [9].

Direct oral anticoagulants consist of dabigatran, a direct thrombin inhibitor, and anti-Xa
inhibitors (e.g., apixaban, edoxaban, rivaroxaban, and betrixaban). Idarucizumab, a monoclonal
antibody that binds dabigatran was established as a rapid, durable, and safe reversal agent in the
study of the reversal effects of idarucizumab on active dabigatran trial (RE-VERSE AD) [15].

As for the anti-Xa agents, the ideal agent for reversal is still controversial. Andexanet alfa is
approved for anti-Xa inhibitor reversal with a mechanism of action of binding and sequestering anti-
Xa inhibitors. Although shown to be effective in reducing factor Xa activity, andexanet alfa has not
been universally accepted due to the limited data on superiority to PCCs, which was the only agent

Page 5/18



OBM Geriatrics 2021; 5(1), doi:10.21926/obm.geriatr.2101161

clinically effective and available for use prior to the availability of andexanet alfa, and andexanet
alfa’s high cost [18].

Drug interactions due to CYP enzyme induction or inhibition need to be considered as all the oral
anticoagulants, except dabigatran, are metabolized by CYP3A4 and other CYP enzymes. All the
DOACs are p-glycoprotein (P-gp) substrates so drug interactions with this pathway should be
considered as well [22]. Dietary intake of vitamin K containing foods and antibiotic reductions in
vitamin K producing gut bacteria must also be considered in patients receiving warfarin.

Apixaban, edoxaban, and rivaroxaban are recommended to be reversed with andexanet alfa or
PCC when the last dose has been taken with 3-5 half-lives of the drug [9]. All of the new oral
anticoagulants require renal dose adjustments, which is likely necessary for those with advanced
age [22]. In patients with severe renal dysfunction, the half-lives of these medications can be
increased by as much as double (Table 3) [23, 24]. Considering the high cost of these newer drug-
specific reversal agents, the time of the last dose of an anticoagulant should be determined, if
possible, prior to administration. As for blood products such as FFP, renal function and cardiac
function should be monitored due to the large fluid volumes associated with these products.
Compared to FFP, PCC delivers significantly less fluid volume (approximately 90 mL vs 800 mL) and
is associated with less clinical volume overload (4.7% vs 12.7%) [25].

Table 3 Pharmacokinetics of oral anticoagulants [23].

% Renally Ty, T2 with moderate Ty with severe renal
Eliminated (hours) renal dysfunction dysfunction (hours)
Unchanged (hours)

Apixaban 27 15.1 17.6 17.3

Betrixaban 11 19-27 Unknown Unknown

Dabigatran 80 13.8 18.7 27.5

Edoxaban 50 8.6 9.4 16.9

Rivaroxaban 33 8.3 9 9.5

2.2 Antiplatelet Reversal

The impact of antiplatelet agents on hematoma expansion and functional outcome is less clear
than that of anticoagulant agents [7, 9] Older adult patients may be on single or dual antiplatelet
therapy for a variety of indications including prior stroke, myocardial infarction, peripheral artery
disease, or for primary prevention of these conditions. Unlike with anticoagulants, there are no
reversal agents that bind antiplatelet agents. Platelet transfusions aim to replace hindered platelets
that are bound by antiplatelet agents, while desmopressin attempts to cause a release of von
Willebrand factor to induce platelet adhesion [9]. Platelet infusions have been demonstrated to
cause harm in an antiplatelet-associated ICH trial in which a majority of patients received aspirin
and older adults were well represented [13]. In vitro studies have demonstrated that platelet
transfusions are less effective in reversing the effects of ticagrelor as it and its active metabolite are
still available to affect platelet aggregation after the transfusion is completed. This study concluded
that platelet infusions may not be effective in reversing ticagrelor until 24 hours after the last dose
[26]. More trials are required to confirm this observation. Overall, platelet transfusions have been
determined to be ineffective or even to cause harm in patients with antiplatelet-associated ICH and
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are not recommended, except for patients undergoing surgery. Similarly, a retrospective review of
patients with antiplatelet associated ICH receiving desmopressin and a platelet transfusion
demonstrated no benefit to either platelet transfusion or desmopressin for this indication [19].

In addition to a lack of specific reversal agents for antiplatelet agents, there are no specific
recommendations for older adults presenting with antiplatelet-associated ICH. Physiologically,
older adults are likely to have reduced renal and hepatic function and this can impact drug
concentrations and effects. Renal and hepatic function have a limited role when estimating the half-
life of antiplatelet agents because most agents (except ticagrelor) bind platelets irreversibly and
therefore are active for the lifespan of a platelet (8-20 days). Renal function does not impact the
duration of action of ticagrelor, but mild hepatic impairment increases drug exposure due to its
extensive liver metabolism [9, 27].

2.3 Other Hemostatic Agents

Hemostatic agents are generally not recommended for spontaneous ICH, but do have use in
specific situations [5, 9]. Tranexamic acid and aminocaproic acid which inhibit fibrin degradation by
inhibiting the conversion of plasminogen to plasmin are suggested to be used for thrombolytic (i.e.,
alteplase, tenecteplase) associated ICH, but cryoprecipitate is recommended as first line treatment
[28]. Recombinant factor Vlla (rFVlla) is recommended for low-molecular-weight heparin associated
ICH if protamine is contraindicated [9].

3. Blood Pressure Management

Cerebral amyloid angiopathy is one of the more common etiologies of ICH in older adults.
However, long-standing, uncontrolled hypertension is also a common cause of ICH, especially in
developing countries, with high systolic blood pressures associated with worse outcomes [2, 5, 29].
The ideal target blood pressure for a patient with ICH is not known and has been the subject of
many trials (Table 4). Guidelines have suggested goals for blood pressure control and are
summarized in Table 5. However, these goals are still controversial. Based on available evidence,
rapidly reducing blood pressure to 140-150 mmHg may likely balance the risk of hemorrhage
expansion and cerebral autoregulation issues, although patients with higher presenting blood
pressure (i.e. 2 180 mmHg) may have a greater risk of renal injury [30-35]. Knowledge of the
patient’s pre-ICH baseline blood pressures readings as well as frequent neurological assessments
during hospitalization may help guide antihypertensive therapy and avoid further complications in
the acute setting.

Table 4 Blood pressure management clinical studies summary.

Interventions Age Primary Age-related results
(years)* Outcome

Subgroup analysis for death

Anderson, et al. SBP goal < 140 mRS 2 3 at 90 ) .
or major disability at 90
(INTERACT-2) [36] mmHg vs < 180 Mean days: davs:
N=2,839 mmHg for 7 days 63.5 52 vs 55.6%, p y
i < 65 YO (n=1,539): OR 0.87
265 years, n=1,255 in ICH =0.06
(0.71-1.06)
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Krishnan, et al. [37]

N=246

Qureshi, et al.
(ATACH-2) [31]
N=1,000
Shi, et al. [38]
N=4,412

Song, et al. [30]
N=3,184

Boulouis, et al. [39]
N=4,360

de Havenon, et al.

[40]
N=913

Continue vs stop
home
antihypertensive
in patients with
ICH

Goal SBP 110-139
mmHg vs 140-179
mmHg for 24
hours in ICH

Meta-analysis of 6
randomized trials
comparing

intensive S
conservative

blood pressure
lowering

Post-hoc analysis

of INTERACT
studies to
associate

antithrombotic
use with outcomes

Meta-analysis of 5
randomized trials

comparing
intensive Vs
conservative
blood pressure
lowering

Analysis of SBP
variability on
outcomes in
patients from the
ATACH-2 trial

Mean 69
+11.5

Mean
619 +
13.1

Not
reported

Mean
63.5

Not
reported

Mean 62
+13

mRS shift at 90
days:

OR 0.92 (0.45-
1.89), p=0.83

mRS > 3 at 90
days:

38.7 vs 37.7%,
p > 0.05

mRS > 3 at 90
days:

OR 0.91 (0.9-
1.02), p=0.11

mRS > 3 at 90
days:

OR 2.22 (1.76-
281), p <
0.0001

Mortality at 90
days:

OR 0.99 (0.82-
1.2),p=0.91

mRS = 3 at 90
days:

OR 0.91 (0.8-
1.02), p =
0.056

mRS = 3 at 90
days increased
with  systolic
blood pressure
variation

> 65 YO (n=1,255): OR 0.91
(0.72-1.15)

Subgroup  analysis  for
functional outcome at 90
days: non-significant for
either £ 70 YO or > 70 YO,
but OR not reported

None
Subgroup  analysis  for
reduction of hematoma
growth:

<62Y0:0R0.66(0.51-0.86)
>62Y0:0R 1.22(0.57-2.61)
Age not significant factor in

24-hour hematoma
enlargement
Patients taking

antithrombotics were
significantly older (71.6 vs
62.4 years, p < 0.0001)

No treatment-related age-
related results

No significant confounding
was noted in univariable
meta-regression  analysis
according to age for any of
the outcomes.

None
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Retrospective

Each 10 mmHg
in blood
pressure

review to assess Median reduction

Divani, et al. [41]

magnitude of SBP 65 associated
N=757 . .
reduction on (IQR23) withmRS23:
outcomes in ICH OR 1.13 (1.04-
1.23), p =
0.003

Older patients were more
likely to have poor
functional outcome at
discharge

No treatment-related age-
related results

ICH — intracerebral hemorrhage; IQR — interquartile range; Ml — myocardial infarction; mRS —

modified Rankin scale; OR — odds ratio; SBP — systolic blood pressure; YO — years old; *Mean +

SD unless otherwise notes

Table 5 Guideline recommendations for acute blood pressure management in patients

with intracerebral hemorrhage.

Presenting Blood 2015 AHA/ASA Guideline [5]

Pressure

2017 ACC/AHA Guideline [29]

SBP 150-220 mmHg  SBP < 140 mmHg is safe and can

improve functional outcome

reduction

Immediate lowering of SBP to <140 mmHg

is not beneficial and can be harmful
SBP >220 mmHg Reasonable to consider aggressive Reasonable to use continuous IV drugs to

lower SBP

Titratable antihypertensive agents and considerations for older adults are summarized in Table
6 [29]. Drugs eliminated by plasma esterases (i.e., clevidipine, esmolol) will not accumulate in
patients with organ dysfunction whereas drug eliminated renally or hepatically may accumulate and
cause hypotension. As with all patients, drugs with a faster onset and shorter duration of action may
prevent premature escalations in dose causing precipitous drops in blood pressure. For example,
clevidipine has a shorter onset and duration of action than nicardipine and therefore may be
preferred in older adults. Nitroprusside is an option for blood pressure management, but generally
should be avoided due to multiple safety concerns. For patients with a recent history of myocardial
infarction, nitroprusside should not be used as it diverts blood from the coronary vessels.
Additionally, special attention should be given to nitroprusside if it must be used in patients with
renal dysfunction as toxic metabolites may accumulate. In general, older adults should be treated

with lower doses and titrated more slowly.

Table 6 Titratable antihypertensive medications commonly used for intracerebral

hemorrhage.

Mechanism of Metabolism Other Considerations

Action and Dose

Clevidipine Calcium channel Plasma
blocker esterase
1-2 mg/hour CIVI,
max 32 mg/hour

First line agent

Very rapid onset and offset

Fat emulsion, contraindicated in soy or egg allergy

Start with lower doses for older adults
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Diltiazem Calcium channel Hepatic Bradycardia
blocker Drug-drug interactions possible
5 mg/hour CIVI, max
15 mg/hour
Hydralazine  Arterial dilator Hepatic Longest onset of action and variable duration;
10-20 mg IV bolus therefore, not a first line agent
Labetalol Mixed alpha and Hepatic First line agent
beta antagonist Longer onset of action and duration
10-20 mg IV over 1- Bradycardia
2 minutes or Caution in heart failure
0.5-1 mg/kg/hour
CIVI, max 3
mg/kg/hour
Nicardipine Calcium channel Hepatic First line agent
blocker Triphasic elimination (can accumulate over time)
2.5-5 mg/hour CIVI, No dose adjustment needed for older adults
max 15 mg/hour Drug-drug interactions possible
Nitroglycerin Venodilation Hepatic Tachyphylaxis
5 mcg/min CIVI, max Decreases cardiac output
20 mcg/min May cause headache
Nitroprusside Arterial and Renal Cyanide/thiocyanate toxicity in renal dysfunction
venodilation Tachyphylaxis
0.25-0.5 May increase intracranial pressure with > 0.25
mcg/kg/min CIVI, mcg/kg/min rapid dosage adjustments
max 10 mcg/kg/min May cause coronary steal

Start with lower doses for older adults
Not recommended first line

CIVI = continuous IV infusion; min — minute

As well-defined blood pressure goals have not yet been established for ICH, other approaches to
blood pressure management are under review including magnitude of blood pressure lowering and
systolic blood pressure variability [40, 41]. Blood pressure variability has been independently
associated with neurological deterioration and unfavorable outcome (mRS > 3) at 3 months after
ICH [42, 43]. Age specific results are not yet available for these monitoring parameters.
Pretreatment blood pressure should be considered prior to determining an absolute blood pressure
goal. Among patients with ICH and a presenting systolic blood pressure of > 220 mmHg, intensive
blood pressure lowering resulted in more neurological deterioration and kidney serious adverse
events than standard systolic blood pressure lowering [44]. For all patients, the goal should be to
prevent large fluctuations in blood pressure and frequent neurological assessments should be
utilized to individualize therapy.

4. Venous Thromboembolism (VTE) Prophylaxis

The rates of symptomatic deep vein thrombosis and pulmonary embolism in patients with ICH
are 1-2% and 0.5-2%, respectively, and possibly even higher in older adults with ICH [5, 45, 46].
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Older adult patients are more likely to experience more severe symptoms associated with a VTE,
but are also more likely to experience bleeding associated with prophylaxis [45]. Which therapy is
preferred and when to start this intervention is not well established in any adult patient with ICH,
but is even less well defined for older adults (Table 7, Table 8).

Table 7 Venous thromboembolism prophylaxis clinical studies summary.

Interventions Age Primary Outcome Age-related results
(years)
Thigh-length DVT in popliteal or
Dennis, et al. graduated Median  femoral veins at 30
(CLOTS 1) [47] compression 76 days: None
N=2,518 stockings vs (IQR 68- 10vs 10.5%, p>0.01
ICH, n=232 standard of care in 83)
acute stroke
Thigh-length S DVT in popliteal or
. below-knee . femoral veins at 30
Dennis, et al. raduated Median davs:
(CLOTS 2) [48] © , age 76 %
compression 6.3 vs 8.8%, p = 0.008 None
N=3,114 . . (range
stockings in
ICH, n=364 . ) 67-83)
immobile stroke
patients
. PE:1.7vs2.9%,p=0.01
Meta-analysis of 4
. . . . DVT: 4.2 vs 3.3%, p =
Paciaroni, et al. studies comparing Not 0.36
[49] anticoagulants  vs ’ None
reported Hematoma
N=1,000 treatment other
) enlargement: 8 vs 4%,
than anticoagulant
p=0.45
Dennis, et al. Intermittent Median DVT in popliteal or
(CLOTS 3) [50] pneumatic age 76 femoral veins at 30 None
N=2,876 compression vs (IQR 67- days:
ICH, n=374 standard of care 84) 8.5vs 12.1%, p =0.001
No difference in ICU
Retrospective Mean (p=0.63) or hospital
review of patients 53.4 + (0.40) length of stay
Farr, et al. [51] .
N=94 with ICH that 20.5 between None
- received VTE (range unfractionated heparin
prophylaxis 18-87) and low-molecular-
weight heparin
Propensity  score- mRS > 3 at 90 days:
Munoz-Venturelli, matched Mean 69 vs 50%, p < 0.001
etal. [52] comparison of 65.6 None
N=744 heparin VTE '
prophylaxis during
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Shah, et al. [53]
N=500

Faust, et al. [54]
N=400

Sprigel, et al. [55]
N=2,724

first 7 days after ICH
versus > 7 days

Cohort study of
CLEAR 11
participants
comparing heparin
prophylaxis within 7
days of ICH or after
Early vs late (> 48
hours after
admission) initiation
of VTE prophylaxis in
patients with ICH

Retrospective
cohort study of
patients with ICH
who received
heparin for VTE
prophylaxis

Mean
58.6

Mean
58.2

Not
reported

Factors associated with
VTE: infection within
first 30 days and no
initiation of VTE
prophylaxis before VTE
detection
Rebleeding: 5.6 vs 5%,
= 0.8
VTE: 0.7 vs 3.1%, p =
0.17

ICH complications:

1.9% in warfarin
related ICH, 0.8% in
DOAC related ICH,
1.6% in non-

anticoagulation ICH, p
=0.645

Determined age is not a risk
factor for development of
VTE

None

Subgroup analysis for risk of

ICH complications in
patients on heparin for VTE
prophylaxis:

<68 YO: OR 1.41 (0.63-3.14)
< 75 YO: OR 0.87 (0.35-2.14)
> 81 YO: OR 0.69 (0.3-1.59)

DVT — deep vein thrombosis; ICH — intracerebral hemorrhage; ICU — intensive care unit; IQR —

interquartile range; mRS — modified Rankin scale; OR — odds ratio; PE — pulmonary embolism;

VTE — venous thromboembolism; YO — years old

Table 8 Guideline recommendations for venous thromboembolism prophylaxis in
patients with intracerebral hemorrhage.

AHA/ASA Guidelines [5]

Neurocritical Care Guidelines [56]

Mechanical prophylaxis

Pharmacological

prophylaxis

event

IPC at hospital admission

LMWH or UFH 1-4 days from

IPC
admission

event

and/or

GPC at hospital

LMWH or UFH within 48 hours of

GCS - graduated compression stockings; IPC — intermittent pneumatic compression devices;

LMWH — low-molecular-weight heparin; UFH — unfractionated heparin.

Both heparin and low-molecular-weight heparins work by inactivating thrombin and factor Xa
through enhancing anti-thrombin activity, although low-molecular-weight heparins are more
specific to factor Xa. When choosing VTE prophylaxis, renal function must be considered. The half-
life of the anticoagulant effect of heparin is about 1.5 hours and the dose does not change with
renal or hepatic function [57]. On the other hand, low-molecular-weight heparins must be dose-
adjusted or avoided in patients with renal dysfunction. Enoxaparin exposure, for example, is
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increased by 65% in patients with severe renal impairment [58]. Dosing should be critically
evaluated in patients with low body weight as exposure increases in underweight individuals [59].
Other considerations when choosing pharmacological VTE prophylaxis are drug half-life and
planned invasive procedures. The half-life of the commonly used agents are 1.5 hours, 4.5 hours,
and 4-5 hours for heparin, enoxaparin and dalteparin, respectively. Some institutions will perform
invasive procedures while the patient is on prophylactic doses of anticoagulants, while others
recommend holding doses for 4-5 half-lives.

VTE prophylaxis tends to be under used in older adults due to a perceived fear of increased risk
of bleeding. However, the benefits of VTE prophylaxis frequently outweigh the risks if appropriate
precautions are taken [59]. Risk factors for VTE including older age, prolonged immobility, and
indwelling central venous catheters or external ventricular drains are common in ICH patients [46,
60]. Considering the high risk of VTE after ICH, VTE prophylaxis should be started as soon as the
hematoma has stabilized; some institutions start as early as 24 hours after the event. Although there
is considerable apprehension about starting VTE prophylaxis after ICH, multiple trials have
demonstrated that there is no increased risk of hematoma expansion when VTE prophylaxis is
initiated within 48 hours [61-63]. Current guidelines recommend initiating mechanical VTE
prophylaxis at the time of hospital admission and chemical VTE prophylaxis with unfractionated
heparin or low-molecular-weight heparin within 1-4 days of admission in patients with stable
hematomas and no evidence of ongoing coagulopathy, but preferentially within 48 hours (Table 8)
[5, 54]. Appropriately dosed for weight and organ function, VTE prophylaxis is recommended in all
older adult patients unless a contraindication exists [64].

5. Summary

The ideal management of older adults with ICH aligns with guideline recommendations
considering the appropriate representation of older adults in clinical trials used as supporting
evidence. Older adults continue to be well represented in ICH clinical trials and age-specific
outcomes should be reported to ascertain if studied treatments are safe and effective in this
population. As in all disease states, patient specific factors may alter the treatment course for older
adults. Medications should be appropriately chosen and dosed for renal and hepatic dysfunction,
and other comorbidities and potential drug-drug interactions should be considered to optimize
personalized treatment strategies.
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