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Abstract
Purpose of Review The present review will cover most recent and important studies on acute treatment of intracerebral hemor-
rhage (ICH).
Recent Findings Overly pessimistic prognostication in ICHmay deny meaningful recovery achieved by specialized neurocritical
care. Hematoma enlargement represents the most important target of acute ICH care, which is reduced by aggressive blood
pressure management (targeting a systolic blood pressure of 140 mmHg) and appropriate hemostatic treatment especially in
anticoagulation-associated ICH (INR reversal using prothrombin complex concentrates, eventually idarucizumab, andexanet, or
tranexamic acid). Surgical treatment strategies involving fibrinolytics either used for direct hematoma lysis or used for intraven-
tricular clot removal with/without additional lumbar drainage show great promise. Further novel treatment strategies are under-
way and need validation or evaluation strongly warranting well-designed future ICH research.
Summary Several randomized and large-sized observational studies have considerably expanded the field and the evidence on
how to treat acute ICH patients. Yet, the one breakthrough intervention to improve functional outcome is still missing, though
various treatment concepts possibly interacting with one another have been evaluated and such treatment bundle may improve
patients’ outcome.
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Abbreviations
BP Blood pressure
CI Confidence interval
DNR Do not resuscitate
EVD External ventricular drain
FFP Fresh frozen plasma
HE Hematoma enlargement
ICH Intracerebral hemorrhage
ICP Intracranial pressure
INR International normalized ratio
IQR Interquartile range
IVH Intraventricular hemorrhage
mRS Modified Rankin Scale
NOAC Non-vitamin k antagonist oral anticoagulant
OR Odds ratio
PCC Prothrombin complex concentrate

RR Risk ratio
rtPA Recombinant tissue-type plasminogen activator
TXA Tranexamic acid
VKA Vitamin K antagonist

Introduction

Spontaneous intracerebral hemorrhage (ICH) accounts for
10–15% of all strokes [1] and the worldwide incidence is
expected to increase [2, 3]. Patients with ICH are severely
affected as one-half dies within 30 days and only 12–39%
reach long-term independency [4, 5]. The most important risk
factor to develop primary ICH is arterial hypertension, which
may lead to vasculopathy of small penetrating arteries located
in the basal ganglia and thalamus or brain stem predisposing
these regions for hemorrhagic complications [1]. Etiologically
different may be lobar ICH, which is more frequently found in
the elderly associated with cerebral amyloid angiopathy, char-
acterized by deposition of amyloid-β, micro-hemorrhages,
and vascular fragility leading to a greater risk for ICH and
recurrence [1]. Anticoagulation-associated ICH has gained
importance as the incidence is increasing in conjunction with

This article is part of the Topical Collection on Stroke

* Joji B. Kuramatsu
joji.kuramatsu@uk-erlangen.de

1 Department of Neurology, University Hospital Erlangen-Nürnberg,
Schwabachanlage 6, 91054 Erlangen, Germany

Current Neurology and Neuroscience Reports (2018) 18: 71
https://doi.org/10.1007/s11910-018-0872-0

mailto:joji.kuramatsu@uk-erlangen.de


patients requiring anticoagulation [1]. Important predictors of
outcome—ICH volume, neurological status, and age—are
non-modifiable; therefore, acute ICH management focusses
on prevention and treatment of possibly modifiable factors
such as hematoma enlargement (HE), peri-hemorrhagic ede-
ma development, acute hydrocephalus with intraventricular
hemorrhage, and elevevated intracranial pressure (ICP) to
avoid secondary brain injury [6]. Over the last years, several
large clinical trials and observational studies provided new
evidence, enhancing acute ICH care and improving our un-
derstanding of the underlying pathophysiology. In this review,
we will outline, discuss, and interpret the latest advances and
ongoing investigation.

Prognostication and Neurocritical Care

Full aggressive care over the first 48 h in all ICH patients is
recommended according to the current AHA/ASA guideline,
yet observational data suggests otherwise [6]. In up to 15% of
patients, palliative care due to advanced directives or physi-
cians judgment limits care before therapy is started [7•, 8].
Offering “full medical support” with avoidance of do not re-
suscitate (DNR) orders within the first 5 days resulted in a
substantially lower mortality than predicted by the most com-
monly used prognostication model (absolute 30-day mortality
difference of 29.8%) [9]. The problem is raised: do scores/
scales limit treatment variability or do lead to a self-fulfilling
prophecy by over-interpreting poor outcome? Early prognos-
tication is difficult, always includes uncertainty, and may be
confounded by physicians foreseeing a futile prognosis [7•,
10]. Lack of early improvement over 24 h predicts poor out-
come [11] and early reassessments may be more accurate [12]
but the optimal time point to validly prognosticate remains
unclear. Therefore, efforts were made to design a potentially
less biased and improvedmodel to predict long-term outcome.
The max-ICH Score was developed in a cohort of roughly 500
maximally treated ICH patients [7•] and was successfully val-
idated in a prospective, multicenter cohort investigating over
2500 Chinese patients [13]. However, its clinical usefulness to
reduce false poor outcome attribution has to be further evalu-
ated [7•, 14]. Physicians should be aware that early care lim-
itations may deny ameaningful recovery [6, 7•, 10], especially
as dedicated neurocritical care was shown to significantly re-
duce death and dependency in ICH patients [15, 16]. The
influence of a bundle of interventions including management
of fever, hyperglycemia, and swallowing dysfunction im-
proved patient outcomes in a cluster randomized trial (n =
1696) that investigated a mixed cohort of ischemic and hem-
orrhagic stroke patients and showed that 6.4 patients needed to
be treated to gain functional independence for one more pa-
tient [17]. Furthermore, awareness should be heightened that
functional improvements in ICH survivors may take place

even up to 12 months, highlighting the importance and poten-
tial benefits of continued therapy [18].

Treatment of Hematoma Enlargement

Clinically significant HE, mostly defined as ICH volume in-
crease of 33%, occurs in about one fourth of spontaneous ICH
[19] and in 30–40% in anticoagulation-associated ICH [20••].
HE is one of the most important outcome parameters as it
exemplifies a potential therapeutic target [19]. Patients at
higher risk for HE may be identified by using contrast-
enhanced computed tomography (CT) to depict the so-called
spot sign; spot sign-positive patients showed a HE rate of
54.1% compared to 18.6% (spot sign negative) resulting in a
negative predictive value of 78% (71–84) [21]. Recently, var-
ious other non-contrast CT parameters have been assessed for
HE prediction, i.e., blend sign, fluid level, intrahematoma
hypodensities, black hole sign, swirl sign, heterogeneous he-
matoma density, or irregular shape of ICH [22] (please see
Fig. 1). Easily assessable parameters have been condensed
to calculate a 5-point prediction score (BAT score: 1 point
for blend sign, 2 points for any intrahematoma hypodensity,
and 2 points for timing of CT scan < 2.5 h) which identified
subjects at high risk of HE with good accuracy (AUC 0.65–
0.70) and a BAT score ≥ 3 showed almost 90% specificity
[23]. Another HE prediction model, the so-called BRAIN-
Score, was developed from trial data (INTERACT-1 and
INTERACT-2) also integrating clinical information (prior
anticoagulation) and notably weighing time from symptom
onset to diagnosis [24]. HE is caused by active bleeding dur-
ing the hyper-acute phase; hence, knowledge of the time win-
dow is important as HE-limiting treatment shows greater po-
tential the earlier applied [6]. Nevertheless, HE may occur
protractedly up to 24 h or even longer (24–48 h) especially
in patients with disturbed hemostasis, largely due to
anticoagulation [25, 26]. Therefore, the two main therapeutic
interventions to minimize HE constitute aggressive blood
pressure and hemostatic management, whichwill be discussed
in the following.

Blood Pressure Management

Elevated blood pressure (BP) levels on hospital arrival are
common in stroke patients (75%) and have been associated
with HE, neurological deterioration, and poor outcome [27,
28]. Former beliefs that lowering BP may lead to peri-
hemorrhagic ischemia due to the reduction of cerebral perfu-
sion could be refuted by the ICH-ADAPT study (The
Intracerebral Hemorrhage Acutely Decreasing Arterial
Pressure Trial). The study documented similar levels of peri-
hematomal cerebral blood flow measured by CT perfusion
imaging in patients randomized to targeting systolic BP of
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either < 150 mmHg (n = 39) or < 180 mmHg (n = 36) [29].
Large randomized controlled trials—INTERACT-1 [30] and
ATACH-1 [31]—contributed to a certain safety profile for
intensive BP control not leading to ischemic events but atten-
uated HE over 72 h [32]. Investigating 2839 patients, the
INTERACT-2 (Intensive Blood Pressure Reduction in Acute
Cerebral Hemorrhage Trial 2) published in 2013 showed that
intensive BP lowering (targeting systolic level of <
140 mmHg within 6 h after symptom onset) was not statisti-
cally effective in reducing the primary outcome (death or se-
vere disability; odds ratio 0.87; 95% confidence interval [CI]
[0.75–1.01]; p = 0.06) [33••]. Though, investigating outcome
over the full range of the modified Rankin Scale (mRS) by
ordinal regression analysis provided results in favor of the
intervention (odds ratio 0.87; 95% CI [0.77–1.00]; p = 0.04)
[33••]. This finding was not confirmed in the ATACH-2
(Antihypertensive Treatment of Acute Cerebral Hemorrhage
2) trial which was stopped prematurely for futility after an
interim analysis of 1000 enrolled patients [34••]. Intensive
blood pressure lowering through intravenous administration
of nicardipine did not lead to improved outcome compared
to standard care (mRS 4–6 after 3 months: intensive blood
pressure lowering 38.7% vs standard care 37.7%; RR 1.04
[0.85–1.27]) and was associated with a greater number of
serious adverse events, especially renal complications (serious
complications, 25.6% vs 20.0%; RR 1.30 95% CI [1.00–

1.69]; p = 0.05). In line, a recent prospective cohort study
investigating 448 patient provided associations of pronounced
systolic BP reduction (> 90 mmHg) with acute kidney injury
in patients with normal renal function (OR 2.1; 95% CI [1.19–
3.62], p = 0.010) and chronic kidney disease (OR 3.91; 95%
CI [1.26–12.15], p = 0.019) [35]. However, ATACH-2 docu-
mented a statistical trend towards less HE (18.9% vs 24.4%,
p = 0.09), but provided no evidence that patients with ICH and
a spot sign, cerebral microbleeds, or other parameters associ-
ated with HE specifically benefited from intensive BP reduc-
tion in post hoc analyses [22, 36, 37]. Further, a recent post
hoc analyses of the ATACH-2 trial showed that patients with
reduction and maintenance of systolic BP levels below
140 mmHg over 24 h resulted in more patients exhibiting
neurological deterioration within 24 h (10.4% vs 5.6%; rela-
tive risk, 1.98; 95% CI [1.08–3.62]) and showed higher rates
of cardiac-related adverse events within 7 days (11.2% vs
6.4%; adjusted relative risk, 1.84; 95% CI [1.04–3.27]) [38].
Possible explanations of these divergent findings between the
ATACH-2 and INTERACT-2 trials are that the control group
of ATACH-2 was treated earlier and more aggressively per se,
attaining systolic BP levels actually similar to the intervention
arm of the INTERACT-2 trial (see Table 1 for further compar-
ison of both trials). Another hyopothetical aspect may be re-
lated to class effects of medications used for BP control, as in
ATACH-2 nicardipine was used first line per protocol versus

Fig. 1 Contrast-enhanced (a) and non-contrast-enhanced (b–f) computed
tomography signs predicting high risk of hematoma enlargement. a Spot
sign—unifocal or multifocal contrast enhancement within the hematoma.
b Blend sign—blending of hypoattenuating area next to hyperattenuating
region within the hematoma, separated by a well-defined margin. c Swirl
sign—any region of iso- or hypoattenuation (compared to brain
parenchyma) within the hemorrhage. d black hole sign—Hypodense

region with clear margins, encapsulated within the hemorrhage. e Fluid
level—fluid blood level within the hemorrhage. f Irregular shape—no
round or ellipsoid shape of hematoma, multicentric or separated
hematomas; and Intrahematoma hypodensities—any hypodense region
(compared to surrounding hemorrhage) encapsulated within the
hematoma [22]. With kind approval by Prof. A. Dörfler, Department of
Neuroradiology, University Hospital Erlangen, Germany.
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only 16% in INTERACT-2. Dating back to the 1990s, avail-
able randomized data for the use of potent vasodilators such as
calcium channel blockers (nimodipine) showed negative ef-
fects on outcome in stroke patients.

Nevertheless, meta-analyses of the five available random-
ized controlled trials provide strong reasoning for intensive

BP lowering being associated with less ICH expansion (OR
0.82; 95% CI [0.68–1.00], p = 0.056), and possibly influenc-
ing clinical endpoints (3-month death or dependency risk: OR
0.91; 95% CI [0.80–1.02], p = 0.106) [39••]. Altogether, rapid
BP lowering targeting a systolic pressure of 140 mmHg seems
safe and should be recommended, but further lowering may

Table 1 Comparison of the main characteristics and results from the ATACH-2 and INTERACT-2 trial

Characteristics ATACH-2 INTERACT-2

Time period May 2011–September 2015 October 2008–August 2012

Included patients (n) 1000 2839

Inclusion criteria ICH volume < 60 cm3 No ICH volume cut-off

GCS ≥ 5
Systolic blood pressure ≥ 140 mmHg
Onset to treatment < 4 h

GCS ≥ 6
Systolic blood pressure 150–220 mmHg
Onset to treatment < 6 h

Mean initial systolic
blood pressure

201 ± 27 mmHg 179 ± 17 mmHg

Mean patients’ age Intervention 62 ± 13
Control 62 ± 13

Intervention 63 ± 13
Control 64 ± 12

Median ICH volume (cm3) Intervention 10 (2–85) range
Control 10.2 (1–79) range

Intervention 11 (6–19) IQR
Control 11 (6–20) IQR

Median NIHSS score Intervention 11 (0–40) range
Control 11 (0–40) range

Intervention 10 (6–15) IQR
Control 11 (6–16) IQR

Time from symptom
onset to treatment

Intervention 149 ± 65 min
Control 165 ± 101 min

Intervention 4 (3–5) IQR h
Control 4 (3–7) IQR h

Antihypertensive treatment First line: intravenous nicardipine Agents of physician’s choosing

Second line: intravenous labetalol (if maximum dose
of nicardipine proofs insufficient), intravenous
diltiazem or urapidil (if labetalol was not available)

Any intravenous treatment
Intervention 90% (1260/1399) versus

control 43% (613/1430); p < 0.001

Alpha-adrenergic antagonist, e.g., urapidil
Intervention 32% (454/1399)
Control 13% (191/1430)

Calcium channel blocker, e.g., nicardipine
Intervention 16% (227/1399)
Control 8% (122/1430)

Targeted systolic
blood pressure

Intervention 110–139 mmHg
Control 140–179 mmHg

Intervention < 140 mmHg
Control < 180 mmHg

Achieved systolic
blood pressure

During the first 2 h:
Intervention 129 ± 16 mmHg
Control 141 ± 15 mmHg

After 6 h:
Intervention 139 mmHg
Control 153 mmHg

Primary outcome
(unadjusted)

Death or disability (mRS 4–6) after 3 months
Intervention 39% (186/481) versus control 38%

(181/480); p = 0.84

Death or disability (mRS 3–6) after 3 months
Intervention 52% (719/1382) versus

control 56% (785/1412); p = 0.06

Secondary outcomes Proportional-odds logistic regression analysis 1.07; p = 0.56 Ordinal shift analysis (modified Rankin Scale)
OR 0.87 95% CI (0.77–1.00); p = 0.04

Mortality at 3 months
Intervention 7% (33/500) versus control 7%

(34/500); p = 0.90

Mortality at 3 months
Intervention 12% (166/1394) versus control

12% (170/1421); p = 0.96

Proportion of ≥ 33% hematoma volume increase after 24 h
Intervention 19% (85/450) versus control 24%

(104/426); p = 0.09

Proportion of ≥33% hematoma volume increase
or > 12 mL after 24 h

Intervention 26% (128/491) versus control
26% (125/473); p = 0.90

Serious adverse events
within 3 months

Intervention 26% (128/500) versus control 20% (100/500);
p = 0.05

Intervention 23% (326/1399) versus control
23% (338/1430); p = 0.92

Renal adverse events within 7 days
Intervention 9% (45/500) versus control 4% (20/500); p = 0.0025
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increase adverse events and choice of medications used for BP
control needs future evaluation.

Hemostasis

The main aim is to stop the ongoing bleed by hemostatic
therapies and to identify patients who received antithrombotic
medications to specifically tailor hemostatic treatment.
Treatment in spontaneous ICH should promote hemostasis
by increasing blood clot formation whereas treatment in
anticoagulation or antiplatelet-associated ICH targets reversal
of antithrombotic effects. The use of oral anticoagulation as
well as its most feared complication is increasing, and for
several of the new oral anticoagulants, specific reversal agents
are no longer missing, though widespread available agents
such as prothrombin complex concentrates may not be effec-
tive in restoring normal coagulation. In general, the coagula-
tion cascade needs to be optimized by restoring missing fac-
tors or possibly improving function by essential electrolytes
(magnesium and calcium), which have been inversely corre-
lated with increased hematoma volumes suggesting potential
associations [40•, 41, 42].

& Spontaneous ICH

Mainly two hemostatic agents—recombinant factor VIIa
and tranexamic acid (TXA)—have been investigated in spon-
taneous ICH. Recombinant factor VIIa (rFVIIa; NovoSeven)
activates factors IX and X, promoting thrombin generation on
the surface of activated platelets [43]. After promising phase 2
results [44], hope was dampened by the subsequent Factor
Seven for Acute Hemorrhagic Stroke (FAST) trial [45]. This
phase 3 trial confirmed a reduction of HE by rFVIIa, yet the
intervention failed to improve survival or functional outcome
[45]. The missing clinical benefit may partially be explained
by an increased frequency of arterial thromboembolic events
by 5%. The hypothesis that patients at high risk for HE (spot
sign positive) might benefit from rFVIIa administration was
also refuted by preliminary results from two parallel multicen-
ter randomized controlled trials in Canada (SPOTLIGHT) and
the USA (STOP-IT); preplanned pooled analysis presented at
the International Stroke Conference 2017. According to data
presented, rFVIIa treatment within 6 h of onset did not signif-
icantly alter final ICH volume or clinical outcomes compared
to placebo among 69 spot sign-positive ICH patients.

TXA is an anti-fibrinolytic agent investigated mostly in trau-
ma patients. The randomized controlled (CRASH-2) trial in-
cluded over 20,000 trauma patients in 274 hospitals in 40 coun-
tries and documented a reduction of mortality (1463 [14.5%] vs
1613 [16.0%]; p < 0.01) among patients receiving TXA (load-
ing dose 1 g over 10 min followed by infusion of 1 g over 8 h)
within 8 h after injury [46]. The ongoing CRASH-3 trial will
enroll 13,000 patients with isolated traumatic brain injury and

will provide evidence regarding the influence of TXA on HE
(ClinicalTrials.gov Identifier: NCT01402882). Most recently,
robust data for treatment with TXA after spontaneous ICH
was generated from the randomized placebo-controlled phase
III TICH-2 trial [47••]. Investigating 1161 patients who re-
ceived TXA versus 1164 who received placebo provided no
significant benefit on the primary outcome defined as function-
al outcome measured by shift analyses of the modified Rankin
Scale (ordinal OR 0.88, 95% CI [0.76–1.03], p = 0.11) [47••].
Though, fewer patients developed HE in the TXA group com-
pared to the placebo group (265 [25%]) vs 304 [29%]; aOR 0.
80, 95% CI [0.66–0.98], p = 0.03) [47••]. Pre-specified sub-
group analyses categorized according to baseline systolic BP
≤ 170 mmHg versus >170 mmHg suggest a favorable outcome
shift in patients with controlled BP receiving the intervention
(OR 0.73, 95% CI [0.59–0.90], p = 0.02) [47••]. As there were
no safety concerns, TXA still seems very promising for the
reduction of HE, but the effect size seems smaller than antici-
pated. Several ongoing clinical trials [the Spot sign and TXAon
Preventing ICH growth–Australasia Trial (STOP-AUST) [48];
the Tranexamic Acid for Spontaneous Acute Cerebral
Hemorrhage Trial (TRANSACT); tranexamic acid for acute
intracerebral hemorrhage growth predicted by spot sign trial
(TRAIGE) [49]] will provide further details regarding TXA
treatment in ICH patients.

& Vitamin K antagonist-associated ICH

Vitamin K antagonists (VKA) inhibit the hepatic synthesis
of vitamin K-dependent coagulation factors II, VII, IX, and X,
as well as proteins C and S. HE in VKA-related ICH is more
frequent than in primary ICH and occurs protractedly for up to
72 h after the initial event [25, 50]. Over the last years, large
observational data and one clinical trial provided evidence on
how to reverse anticoagulation in patients with VKA-related
ICH.

The randomized, controlled INCH trial demonstrated supe-
riority of prothrombin complex concentrate (PCC, 30 IU/kg)
compared to fresh frozen plasma (FFP, 20 mL/kg)—both
combined with vitamin K (10 mg i. v.)—with respect to nor-
malizing the INR (INR ≤ 1.2 within 3 h: PCC 67% vs FFP
9%; OR 30.6 [4.7–197.9]; p = 0.0003) in patients with VKA
ICH (INR ≥ 2 on admission; inclusion within 12 h after symp-
tom onset) [51•]. The trial was prematurely stopped after in-
clusion of 50 of the 74 initially planned patients related to
safety concerns in FFP-treated patients [51•] as hematoma
volume increased significantly (ICH volume difference
16.4 mL, 95% CI [2.9–29.9]; p = 0.018) and the risk for HE
or death was almost five times greater with FFP treatment.
Rates of thromboembolic complications were comparable be-
tween both groups [51•]. A German-wide retrospective cohort
study RETRACE (n = 1176) investigated reversal manage-
ment targets to minimize HE. Patients achieving an INR<
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1.3—regardless of chosen hemostatic treatment (almost 90%
with PCC alone or in combination)—had significantly re-
duced rates of HE (INR< 1.3, 26.9% vs INR≥ 1.3, 45.4%; p
< 0.001) [20••]. The positive effect of anticoagulation reversal
was observed up to approximately 4 h after hospital admission
(INR< 1.3 within 4 h, 22.4% vs 42.2%; p = 0.02), but was
more pronounced the earlier achieved [20••]. The most potent
reduction of HE with beneficial effects on in-hospital mortality
(OR 0.60, 95% CI [0.37–0.95]; p= 0.03) was achieved by the
combination of optimal reversal management and BP control.
These results were also reproduced for patients with implanted
mechanical heart valves and VKA-related ICH without showing
a feared increase in thromboembolic complications with
full reversal (RETRACE study-program) [52]. Given the limited
half-life of coagulation factors compared to VKA, serial INR
monitoring, simultaneous administration of vitamin K, and if
necessary repeated replacement of coagulation factors are recom-
mended [6]. As the thromboembolic risk in patients with me-
chanical heart valves is reported to be high (up to 1% per day),
uncertainty exists regarding the optimal timing of resuming sys-
temic anticoagulation after ICH. The authors of this German-
wide multicenter study showed that restarting therapeutic
anticoagulation after 2 weeks after ICH may be safe and after
weighing between least risks for thromboembolic and hemor-
rhagic complications an earliest starting point for anticoagulation
after 1 week may be considered, which should only be reserved
for patients with highest thromboembolic risk (two valves, old
valve types, concomitant atrial fibrillation, etc.) [52].

Altogether, effective (INR< 1.3) reversal of anticoagulation
is mandatory in VKA ICH and should take place as quick as
possible (at least within 4 h) using intravenous prothrombin
concentrates (PCC) with additional substitution of vitamin K.

& Non-vitamin k antagonist oral anticoagulant-associated
ICH

Non-vitamin K antagonist oral anticoagulants (NOACs) in-
hibit either thrombin (dabigatran) or factor Xa (rivaroxaban,
apixaban, edoxaban). The risk of intracranial hemorrhage in pa-
tients using NOACs is reduced compared to VKA; however,
ICH severity, rates of HE, and functional outcome are likely to
be comparable [53•, 54–56]. However, two recent larger obser-
vational studies reported that NOAK patients had smaller hema-
toma volumes and were less severely affected possibly resulting
in lower mortality rates [57, 58]. In line large registry data from
the Get With The Guidelines program reported lower risk of in-
hospital mortality (adjusted risk difference, − 5.7% [97.5% CI −
7.3% to − 4.2%]) in patients with prior use of NOACs compared
to prior warfarin use [59]. Although the half-life of NOACs is
relatively short (5–17 h), waiting is not an option and aggressive
hemostatic treatment should be executed, especially as patients
with effective NOAC intake can reliably be identified using
point-of-care testing methods [60].

Reversal of dabigatran using the licensed monoclonal anti-
body fragment idarucizumab (Praxbind) was investigated by the
multicenter, prospective, single-arm open-label study RE-
VERSE AD. Intravenous idarucizumab (5 g) was effective in
reversing anticoagulation effects, i.e., normalizing coagulation
test results (dilute thrombin time and ecarin clotting time), which
was achieved in every included patient with serious bleeding
(group A, n = 285; including 98 patients with intracranial hem-
orrhage) or requiring an urgent surgical procedure (group B, n =
196) [61••]. There were low rates of thrombotic events (6.3% in
group A and 7.4% in group B) reported, but no controlled group
for comparison [61••]. Effect of Praxbind treatment on imaging
or clinical endpoints remains unclear as no detailed analyses are
available for patients with intracranial hemorrhages. Yet, theo-
retically comparing 30 day mortality rates of patients experienc-
ing intracranial hemorrhages under dabigatran from the RE-LY
trial (no Praxbind treatment; mortality rate 37.5%, n = 24/64)
with patients from the REVERSE-AD study (treated with
Praxbind, mortality rate 16.4%) suggests potential benefits for
idarucizumab with a reduced mortality rate.

Reversal management of factor Xa inhibitors may change in
the very near future. The recombinant modified human factor
Xa decoy protein andexanet (andexanet alfa), administered as a
bolus followed by a 2-h infusion, showed reduction of anti-
factor Xa activity in patients with acute major bleeding in the
multicenter, prospective, open-label, single-group ANNEXA-4
study including 67 patients [62]. Most recently, the FDA
granted approval of andexanet in the USA for treatment of
life-threatening or uncontrolled bleeding under rivaroxaban
and apixaban, supported by a newly supplied interim analyses
of the ongoing ANNEXA-4 trial and data from two phase 3
studies (ANNEXA-R and ANNEXA-A) [63]. Approval in
Europe is pending but anticipated, given the limited alternatives
to reverse factor Xa inhibitors. Recently, a large multicenter
investigation (n = 1328) documented that PCC administration
was not associated with reduced HE rates, neither in overall
NOAC-related ICH nor in patients using factor Xa inhibitors
[53•]. The potential of other agents such as TXA is currently
under investigation (Swiss TICH-NOAC trial; NCT02866838).

Therefore, patients with NOAC-associated ICH should re-
ceive reversal agents as quickly as possible. Patients using
dabigatran should receive bolus injections of idarucizumab
(2 × 2.5 g). Patients with ICH under factor Xa inhibitors
should receive andexanet (if available); otherwise, given the
lack of alternatives, PCC administration in high dosing (≥
50 IU/kg) can be considered.

& Antiplatelet-associated ICH

Latest evidence derives from the multicenter, randomized
PATCH (platelet transfusion vs standard care after acute stroke
due to spontaneous cerebral hemorrhage associated with
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antiplatelet therapy) trial conducted at 60 hospitals in the
Netherlands, the UK, and France investigating 190 spontane-
ous primary ICH patients taking antiplatelet medication.
Platelet transfusion was inferior to standard care and increased
the odds of death or dependence at 3 months (odds ratio 2.05,
95% CI [1.18–3.56]; p = 0.01) [64•]. Poor outcome was likely
driven by higher rates of serious adverse events (40 [42%] vs
28 [29%]), albeit the clear mechanism explaining this finding
remains unclear [64•]. Thus, platelet transfusion cannot be
recommended for treatment of antiplatelet-associated ICH.

Hematoma Evacuation Surgery

The rationale behind hematoma evacuation in ICH comprises
immediate reduction of the space-occupying effect due to he-
matoma removal, prevention of acute herniation, amelioration
of edema development, and reduction of toxic blood compo-
nents potentiating inflammation and local ischemia. However,
the role of hematoma evacuation surgery in ICH remains
controversial.

Supratentorial ICH

Two multicenter randomized controlled trials showed, neither
in patients with spontaneous supratentorial ICH patients with
a minimum hematoma diameter of at least 2 cm and a
Glasgow Coma Score of 5 or more (STICH-I) [65] nor in
conscious patients with superficial lobar intracerebral hemor-
rhage of 10–100 mL without intraventricular hemorrhage
(STICH-II) [66], that functional outcome was significantly
improved after hematoma evacuation surgery via open crani-
otomy. Less invasive methods are currently under investiga-
tion. The MISTIE (Minimally Invasive Surgery Plus rt-PA for
Intracerebral Hemorrhage Evacuation) program evaluated
minimally invasive catheter evacuation followed by thrombol-
ysis with rtPA. Results of this phase 2 randomized study in-
cluding 96 subjects showed no difference in primary safety
outcomes, i.e., mortality, symptomatic bleeding, brain infec-
tions, and withdrawal of care, in patients receiving the inter-
vention. Beneficial associations were less peri-hemorrhagic
edema development and a statistical trend for improved func-
tional outcome after 6 months [67••]. However, increased
asymptomatic bleeding was a major cautionary finding (3
[7%] vs 12 [22%]; p = 0.05) [67••]. The ongoing phase 3
MISTIE-III trial (NCT01827046) will investigate the efficacy
to improve functional outcome in 500 ICH patients. Another
minimally invasive method using an endoscopically guided
suction device is also currently under investigation in a
single-arm feasibility study (INVEST; NCT02654015) enroll-
ing 50 patients in the USA. Another concept is oriented to-
wards decompressive craniectomy similar to patients with

malignant middle cerebral artery infarction (SWITCH;
NCT02258919).

Infratentorial ICH

Larger infratentorial ICH may quickly lead to brainstem com-
pression and acute obstructive hydrocephalus. Therefore,
guidelines suggest that patients with cerebellar hemorrhages
> 3 cm in diameter or with brainstem compression or hydro-
cephalus should undergo surgical hematoma evacuation [6].
This suggestion is mainly based on small observational, non-
randomized studies and the benefit of hematoma evacuation
surgery on clinical endpoints is not established [68, 69]. A
randomized controlled trial comparing surgery versus conser-
vative treatment seems unlikely to be conducted [6]. There
was one small randomized trial which compared large
suboccipital craniectomy to paramedian suboccipital mini-
craniectomywithout showing significant difference in postop-
erative outcomes between both groups [70]. One recent retro-
spective study including 85 patients documented that surgical
removal of the spontaneous cerebellar hematoma by a large
craniectomy, dura enlargement, and removal of the posterior
arch of C1 leads to lower mortality and showed a trend to-
wards superior neurological recovery and functional outcome
compared to evacuations via craniotomy alone [71]. The man-
agement of an acute hydrocephalus with an external ventric-
ular drainage (EVD) alone is considered insufficient by ICH
guidelines due to the possible risk of upward herniation, but
this recommendation is not sufficiently backed by robust data
and seems somewhat contradictory to the management ap-
proach recommended for large infratentorial infarctions [6,
72].

Altogether, hematoma evacuation surgery after ICH cannot
be recommended on a general basis in supratentorial ICH, but
promising strategies (minimally invasive or decompressive
procedures) are currently under investigation. Surgery in
space-occupying infratentorial ICH seems logical to save
lives, yet data quality is limited.

Peri-hemorrhagic Edema

The development of peri-hemorrhagic edema after ICH is
common and related to early neurological deterioration and
unfavorable functional outcome [73]. The acute phase of ede-
ma development is characterized by extravasation of osmotic
factors from the blood clot leading to vasogenic edema [74].
Consecutively, edema may be aggravated by release of in-
flammatory mediators due to hemolysis and activation of the
coagulation cascade, leading to a mixed cytotoxic and
vasogenic edema [74]. This delayed phase may be a treatment
target as progressive edema formation may lead to direct peri-
lesional damage, and raised ICP resulting in decreased
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cerebral perfusion aggravating secondary brain damage [74].
Potential treatment approaches consist of osmotic substances
such as mannitol, hypertonic saline infusion, deferoxamine or
anti-inflammatory drugs, and interventions such as mild hy-
pothermia or above-mentioned decompressive surgery. Until
now, evidence is scant regarding effect and safety of any of the
above-mentioned treatments.

A sub-analysis of the INTERACT-2 study documented an
association between mannitol treatment and reduced rates of
poor outcome in patients with larger (≥ 15 mL) hematomas
(OR, 0.52, 95% CI [0.35–0.78] vs OR, 0.91, 95% CI [0.72–

1.15]; p homogeneity 0.02) [75]. However, matching 304
hyperosmolar-treated cases to 304 untreated cases from a large
prospective observational study showed more frequent poor
outcome (73.0% vs 65.8%) and higher meanmRS at 3 months
among patients treated with hyperosmolar therapy compared
to untreated cases (Wilcoxon, p = 0.0174) [76]. Yet, it seems
possible that selection bias may not have been fully accounted
for [76].

Therapeutic hypothermia was assessed in a retrospective,
single-center, case-control study investigating 70 patients in
which early hypothermia (target temperature 35 °C) led to a

Table 2 Overview of randomized controlled data and practical recommendations for the management of ICH patients

Aim of the intervention Intervention in randomized
controlled trials

Results of the investigations Recommendation for clinical management

Blood pressure
management

Systolic blood pressure
reduction <140 mmHg

Primary outcome: not effective,
secondary outcomes and
meta-analyses positive for
functional outcome and HE

Rapid systolic blood pressure lowering,
targeting < 140 mmHg, avoid
hypotension (< 120 mmHg)

Hemostatic
management

Spontaneous ICH
➔ recombinant factor VIIa ➔ Primary outcome: not effective Recombinant factor VIIa is not recommended
➔ TXA ➔ Primary outcome: not effective,

secondary outcomes benefit for
HE and shift of functional
outcome if systolic
BP ≤ 170 mmHg

TXA may be considered in selected ICH
patients

VKA-ICH
➔ PCC versus FFP PCC effective and superior to FFP Reversal to INR levels at least below 1.3 as

fast as possible using PCC and additional
substitution of vitamin K

NOAC-ICH No randomized data in ICH;
approval of idarucizumab
and andexanet for reversal of
anticoagulation

Rapid reversal of anticoagulation:
Dabigatran-ICH➔ idarucizumab
Factor Xa inhibitors ICH➔ andexanet

(if available), otherwise PCC (≥ 50 I.E.)
Antiplatelet-associated ICH
➔ Platelet transfusion Primary outcome: not effective

Platelet transfusions in
antiplatelet-associated ICH may be
harmful, consider use of DDAVP

Hematoma
evacuation surgery

Surgical evacuation of
supratentorial hematoma

Primary outcome: not effective No general recommendation for
hematoma evacuation in
supratentorial ICH, consider early
surgery in patients with poor
prognosis (GCS 9–12)

Surgical evacuation of
infratentorial hematoma

No randomized data Consider hematoma evacuation in large
infratentorial ICH with brainstem
compression and/or hydrocephalus
and clinical deterioration

Peri-hemorrhagic
edema management

No randomized data No randomized data No proven effect of hyperosmolar
agents, consider mannitol and/or
hypertonic saline

Treatment of
intraventricular
hemorrhage with
obstructive
hydrocephalus

Intraventricular fibrinolysis Primary outcome: not effective,
secondary outcomes positive for
mortality, functional outcome
in relation to clot lysis

EVD placement to prevent herniation
and control of intracranial pressure

Intraventricular fibrinolysis
(± overlapping lumbar drainage)
in selected patients

Intraventricular fibrinolysis
and overlapping lumbar
drainage

Primary outcome: effective to reduce
permanent shunt dependency
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decrease of peri-hemorrhagic edema if started within 3 days
after hospital admission [77]. Potential benefits on clinical
outcome were documented in a small prospective study which
included 25 patients with an ICH volume > 25 mL showing a
decreased mortality compared to historical controls (mortality
after 1 year, 28% vs 44%) [78]. Treatment of fever is strongly
recommended, but therapeutic hypothermia using cooling de-
vices is still under investigation, TTM-ICH [79, 80].

Deferoxamine is an iron-chelating agent with limited
data in ICH patients. Two small prospective studies—
one observational, one randomized—showed no differ-
ences for functional outcomes but a potential effect on
edema size [81]. The use of oral fingolimod—a sphingo-
sine 1-phosphate receptor modulator—within 72 h of dis-
ease onset to modulate inflammatory processes after
small- to moderate-sized ICH showed promising results
in a proof-of-concept study including 23 patients [82].
Administration of fingolimod appeared to be safe and re-
duced peri-hemorrhagic edema resulting in more frequent
full neurologic recovery (modified Barthel Index score
range, 95–100; 63% vs 0%; p < 0.01; mRS range, 0–1;
63% vs 0%; p < 0.01) [82]. The efficacy and safety of
fingolimod for acute ischemic and hemorrhagic stroke
are currently under investigation in an ongoing phase 2
trial (NCT02002390).

Currently, for the treatment of peri-hemorrhagic edema,
valid results from randomized controlled trials are missing
and treatment approaches routinely used consist mostly of
hyperosmolar strategies, yet formally evaluated these options
to prevent peri-hemorrhagic edema should be considered
experimental.

Intraventricular Hemorrhage

Intraventricular hemorrhage (IVH) is a frequent complication
of ICH (~ 45%) and validated as independent predictor of
poor outcome [6]. Especially, obstruction of the third and
fourth ventricles leads to acute hydrocephalus representing a
life-threatening situation with need for urgent treatment to
prevent death from herniation. In this situation, placement of
an EVD is required to allow for compensatory diversion of
cerebrospinal fluid. Over the last years, several studies were
conducted to assess efficacy and safety of intraventricular ad-
ministration of fibrinolytic agents such as recombinant tissue-
type plasminogen activator (rtPA). The aim of this strategy is
to accelerate clot lysis especially of the third and fourth ven-
tricles leading to re-communication between the inner and
outer cerebral spinal fluid systems possibly minimizing hypo-
perfusion and inflammation. After promising data from the
CLEAR-IVH trial [83], the recent phase 3 CLEAR III trial
did not reach its primary endpoint [84]. Investigating 500
patients, randomly assigned to receive either up to 12 doses,

8 h apart, of 1 mg of alteplase or 0.9% saline via EVD showed
no difference in the primary efficacy outcome defined as good
functional outcome (mRS≤ 3 at 180 days: alteplase group
48% vs saline 45%; risk ratio [RR] 1.06, 95% CI [0.88–
1.28]; p = 0.55) [84]. However, there was a 50% decrease in
the odds of being dead for alteplase versus saline (adjusted OR
0.50 [95% CI 0.31–0.80], p = 0.004) [84]. A planned adjusted
secondary analysis relating mRS score to the amount and
timing of clot removal showed a significant relation between
clot removal (per clot remaining [mL]) and both good out-
come (adjusted OR 0.96, 95% CI [0.94–0.97], p < 0.01) and
case fatality (adjusted HR of death per mL of time-weighted
clot volume remaining 1.03 95% CI [1.02–1.04], p < 0.01)
[84]. Overall, there were no safety concerns in respect to
ventriculitis, symptomatic bleeding, or other serious adverse
events [84].

Performing an overlapping lumbar drainage in patients
with confirmed communication between the internal and ex-
ternal cerebral spinal fluid systems represents a valuable treat-
ment strategy [6]. Due to normalization of physiological cir-
culation and removal of inflammatory blood components, the
rate of permanent shunt dependency may be reduced. Some
smaller pilot and observational studies [85, 86] and more re-
cently a small randomized trial including an individual patient
data meta-analysis provided evidence that a combined ap-
proach of intraventricular fibrinolysis plus lumbar drain treat-
ment is feasible and safe and significantly reduced rates of
permanent shunt dependency as compared to treatment with
intraventricular fibrinolysis alone (intervention group, 0% (0/
14) vs control group, 43% (7/16), p < 0.01) [87•]. To avoid
shunt dependency post IVH represents an important goal as
this was shown to double the odds for disability (mRS 4–5) at
6 months (OR 2.14; 95% CI [1.13–4.08]) in the CLEAR III
trial [88].

In summary, IVH associated with obstructive hydrocepha-
lus should be treated with EVD placement to prevent hernia-
tion, control ICP, and possibly install lytic medications.
Intraventricular fibrinolysis with an overlapping lumbar drain-
age may likely further reduce permanent shunt dependency
with potential benefits on outcome.

Conclusions

Over recent years, several randomized and large-sized obser-
vational studies have considerably expanded the field of acute
ICH care (see Table 2 for overview of data and recommenda-
tions). Yet, the one breakthrough intervention to improve
functional outcome is still missing, though various treatment
concepts and approaches possibly interacting with one another
have been evaluated and such treatment bundle may improve
patients’ outcome.
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