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Abstract
Purpose of review  Intracerebral hemorrhage (ICH) is the most devastating type of stroke, causing widespread disability 
and mortality. Unfortunately, the acute care of ICH has lagged behind that of ischemic stroke. There is an increasing body 
of evidence supporting the importance of early interventions including aggressive control of blood pressure and reversal 
of anticoagulation in the initial minutes to hours of presentation. This review highlights scientific evidence behind a new 
paradigm to care for these patients called Code-ICH.
Recent findings  While numerous trials aimed at decreasing hematoma expansion through single interventions had failed 
to show statistically significant effects on primary outcomes, time-sensitive, multifaceted, bundled care approaches have 
recently shown substantial promise in improving functional outcomes in patients with ICH.
Summary  The concept of Code-ICH can serve as a structural platform for the practice of acute care neurology to continu-
ously measure its performance, reflect on best practices, advance care, and address disparities.

Keywords  Intracerebral Hemorrhage · Bundled Care · Neurologic Emergency · Clinical Protocols · Hematoma Expansion · 
Hemostasis Control

Introduction

“Time is brain” has been a well-recognized mantra in vas-
cular neurology. This is especially evident in the continu-
ously optimized and widely adopted workflow implemented 
for acute ischemic strokes (AIS). For example, The Joint 
Commission has championed the use of concrete qual-
ity metrics for comprehensive stroke center accreditation, 
requiring patients presenting with ischemic stroke to have 

door to needle (tPA) time of 60 min or less and door to 
arterial puncture time of 90 min or less [1]. Worldwide, the 
age-standardized mortality rate for AIS has decreased by 
33.4% over the period from 1990 to 2017 in part due to 
improved recognition of symptoms, risk factor modification, 
advances in reperfusion therapies, and widespread adoption 
of evidence-based practices [2].

Unfortunately, in contrast, intracerebral hemorrhage 
(ICH) tends to be treated with less urgency and lacks well-
defined, widely adopted time-based quality metrics and 
treatment protocols. ICH accounts for about 10 to 15% of 
strokes in high-income countries, whereas in low-to-mid-
dle-income countries it accounts for up to half [3]. It has a 
40% to 50% mortality rate within 30 days, which is about 
twice that of ischemic stroke [4]. In a rigorous population-
based study, ICH incidence decreased over the decade from 
2000 to 2010 in a South Texas community, but case fatal-
ity and long-term mortality were unchanged [5]. To make 
progress in ICH care as a community, this article strongly 
advocates for a standardized, rigorous, evidence-based new 
paradigm for emergency intervention for patients presenting 
with intracerebral hemorrhage. A recent consensus state-
ment puts forth a call to action to establish a protocol for 
Code ICH [6]. Similarly, new recommendations from the 
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American Heart Association similarly advocate for time-
based ICH quality metrics [7]. Herein, we review the recent 
scientific data that enrich our understanding of the urgency 
of treating ICH in the golden hours after hospital arrival and 
make the case for the widespread adoption and application 
of specific time-based quality metrics to provide multidisci-
plinary patient-centered care for ICH through an innovative 
platform of Code ICH.

Evidence Behind Strategies to Prevent Hematoma 
Expansion

One of the most important modifiable factors to improve 
outcomes in the care of ICH patients is minimizing hematoma 
expansion. Since the 1990s when IV thrombolytic therapy was 
investigated for treatment of acute ischemic stroke, it has been 
well recognized that many patients with ICH experienced 
expansion of their hemorrhage and deterioration in neurologic 
function in the first few hours after onset [8]. Studies have 
described a nonlinear inverse relationship between the time 
from onset to baseline computed tomography (CT) and 
expansion risk, with most hematoma expansion noted within 
2 to 3 hours of symptom onset [8].

Accordingly, multiple landmark trials have investigated 
the utility of minimizing hematoma expansion by acutely 
controlling hypertension. INTERACT-1 (Intensive Blood 
Pressure Reduction in Acute Cerebral Hemorrhage Trial 1) 
showed the safety and feasibility of intensive blood pres-
sure control in acute ICH [9]. Subsequently, the Intensive 
Blood Pressure Reduction in Acute Cerebral Hemorrhage 
Trial (INTERACT-2) randomly assigned patients with ICH 
within previous 6 h and who had elevated blood pressure 
to receive intensive treatment to lower their blood pres-
sure (with target systolic level of < 140 mmHg within 1 h) 
or guideline-recommended treatment (with target systolic 
level of < 180 mmHg). There was no statistically signifi-
cant difference in death or major disability between the two 
groups of patients [9]. Similarly, ATACH-II trial (Anti-
hypertensive Treatment of Acute Cerebral Hemorrhage) 
subsequently found that intensive blood pressure reduc-
tion (systolic < 140 mmHg within 4.5 h of onset) did not 
improve outcome or reduce hematoma expansion compared 
with standard blood pressure control (systolic range of 140 
to 179 mmHg) [10]. As a result, some observers suggested 
that BP reduction was not an effective strategy.

However, post-hoc analyses of these trials suggested 
that certain subgroups of patients benefit from earlier 
treatment to reduce hematoma expansion. For instance, 
using ATACH-II trial data, Li et. al. analyzed a subgroup 
of ICH patients with elevated blood pressure treated with 
intravenous nicardipine within two hours of symptom 
onset and identified an important association between 
intensive blood pressure reduction and reduced hematoma 

growth (odds ratio, 0.56; 95% confidence interval [CI], 
0.34–0.92; p = 0.02) as well as improved functional out-
come as reflected through a favorable shift in 90-day 
modified Rankin Scale score distribution (p = 0.04) [11]. 
Combining individual patient data from INTERACT-2 
and ATACH-2 trials led to an observation that achiev-
ing early and stable systolic blood pressure to levels as 
low as 120 to 130 mmHg was associated with favorable 
outcomes in patients with mild-to-moderate severity of 
ICH, but that dramatic drops of more than 60 mmHg to 
get below 130 mmHg within the first hour were poten-
tially detrimental [12]. Using this data, the 2022 American 
Heart Association/American Stroke Association (AHA/
ASA) guidelines recommended that blood pressure con-
trol be initiated as soon as possible and be achieved in a 
smooth and sustained fashion, preferably titrated using a 
continuous infusion [13].

More recently, the level of evidence for executing timely 
blood pressure control in the setting of acute ICH has strength-
ened beyond post-hoc analyses of existing trials. The Third 
Intensive Care Bundle with Blood Pressure Reduction in 
Acute Cerebral Haemorrhage Trial (INTERACT-3) was con-
ducted at hospitals across ten countries examining the impact 
of early intensive lowering of systolic blood pressure to 
below 140 mmHg in conjunction with strict glucose control, 
antipyrexia treatment, and rapid reversal of warfarin-related 
anticoagulation. Ma et. al. determined that the care bundle 
protocol implemented within several hours of symptom onset 
resulted in significantly improved functional outcome in terms 
of favorable shift in mRS scores and fewer serious adverse 
events for patients with acute ICH [14]. Much of this effect 
was driven by blood pressure reduction. As a result, it appears 
that intensive BP control does in fact improve outcomes, but 
that the effect is best seen when implemented as one com-
ponent of a bundle of care. Importantly, the study included 
an ethnically and socioeconomically diverse population with 
a large sample size, making its findings more generalizable. 
Finally, the most recent INTERACT-4 trial found that early 
BP lowering, when started by EMS within 2 h after symp-
tom onset, specifically improved outcomes in ICH patients, 
highlighting the value of starting BP reduction as soon as the 
diagnosis is made [15].

Another important, time-sensitive, and modifiable factor 
to improve outcomes in patients with acute ICH is hemo-
static treatment. Anticoagulant usage has increased in recent 
years due to our aging population and increased thromboem-
bolic events [16]. Accordingly, the proportion of anticoagu-
lant-associated intracerebral hemorrhage (AAICH) in stroke 
patients is gradually increasing [17]. The use of anticoagu-
lants is not unexpectedly correlated with larger hematoma 
volumes, increased rates of hematoma expansion, and even 
higher mortality rate in patients with AAICH compared with 
general ICH [18].
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Reversal of anticoagulants is central to the care of 
patients with AAICH. The INCH trial (INR Normalization 
in Coumadin-Induced Intracerebral Hemorrhage) found that 
earlier and faster INR normalization was associated with 
significantly less hematoma expansion and a trend towards 
lower mortality [19]. Among patients with ICH on factor 
Xa inhibitors, andexanet was shown to yield better control 
of hematoma expansion than usual care although there were 
no significant differences in terms of functional status or 
death within 30 days [20]. Reversal therapies have become 
more advanced and targeted over time and are described 
individually in Table 1. In a recent cohort study involving 
9492 patients with anticoagulation-associated ICH and 
documented reversal intervention status, a total of 7469 
(78.7%) received reversal therapy [21]. The median onset-
to-treatment time was 232 min and median door-to-treatment 
time was 82 min, with a door-to-treatment time of 60 min or 
less in 27.7% of patients [21]. A subgroup analyses found 
that African American patients and patients admitted to 
smaller hospitals with lower volume of ICH admissions were 
less likely to receive timely anticoagulation reversal [21]. 
Patients with less severe NIHSS score, especially below 5, 

were also less likely to get reversed early, despite risk for 
neurologic deterioration and possibly greater opportunity 
for clinical benefit from anticoagulant therapy reversal [21]. 
A door-to-treatment time of 60 min or under was associated 
with decreased mortality and discharge to hospice (adjusted 
odds ratio, 0.82; 95% CI, 0.69–0.99) but no difference in 
functional outcome as measured by modified Rankin scale 
score [21]. These findings as well as the results of INTER-
ACT3 and prior post-hoc analyses indicate that hematoma 
expansion should be addressed early and more often.

Promise of a Bundled Approach to ICH Care

For many medical conditions, bundled care has been 
shown to improve outcomes. For instance, the surviv-
ing sepsis campaign provided international guidelines 
for management of sepsis and septic shock, including an 
hour-1 bundle consisting of five essential elements that 
should be performed within 60 min of recognizing patients 
with septic shock. They include obtaining serum lactate, 
drawing blood cultures prior to antibiotic administration, 
beginning rapid IV fluid bolus, using vasopressors to keep 

Table 1   Reversal therapies currently available for anticoagulant related intracerebral hemorrhage

Adapted from https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​artic​les/​PMC11​04434​6/#​CR10

Anticoagulant type Specific agent(s) Reversal agents Reversal strategy Lab monitoring Possible adverse events

Vitamin K antagonists Warfarin Vitamin K 10 mg IV INR Anaphylaxis
Fresh Frozen Plasma 4 U or 12 ml/kg IV Fluid overload
Prothrombin Complex 

Concentrate (PCC)
If INR 1.7—4, give 

25 U/kg; if INR 
4–6, give 35 U/kg; 
if INR > 6, give 50 
U/kg

Thrombotic events

Factor Xa inhibitors Apixaban
Rivaroxaban
Edoxaban

Andexanet alfa (pre-
ferred drug)

For last intake within 
7 h: 800 mg bolus 
over 30 min. then 
960 mg over 2 h

For last intake > 7 h: 
400 mg bolus over 
15 min, then 480 mg 
over 2 h

Anti-Xa activity Thrombotic events

4-factor PCC 50 IU/kg IV (off-
label)

Thrombotic events

Medicinal activated 
charcoal

50 g if DOAC 
ingested < 2 h

Direct Thrombin 
Inhibitors

Dabigatran Idarucizumab (pre-
ferred drug)

Single 5 g/100 ml 
dose, repeat if 
needed

APTT, Thrombin 
Time

headaches

Medicinal activated 
charcoal

50 g if DOAC 
ingested < 2 h

Heparinoids Unfractionated 
Heparin

Protamine sulfate 1 mg IV for every 100 
U of heparin given 
in the preceding 3 h 
(up to 50 mg in a 
single dose)

APTT, anti-Xa activ-
ity

Bradycardia, hypoten-
sion

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11044346/#CR10
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mean arterial pressure at least 65 mmHg, and adminis-
tering broad-spectrum antibiotics [22]. This bundled 
care approach has been studied in ICH as well by Parry-
Jones et al. Implementation of the “ABC” hyperacute care 
bundle consisting of anticoagulation reversal, intensive 
blood pressure lowering, neurosurgery consultation, and 
access to critical care was found to be significantly asso-
ciated with lower 30-day case fatality after ICH (Odds 
ratio = 0.62, 95% confidence interval 0.38–0.97, p = 0.03) 
[23]. The total effect of the care bundle was mediated by 
fewer do-not-resuscitate orders within 24 h and increased 
admission to critical care [23], highlighting the value of 
high-quality supportive care rather than any individual 
intervention. This bundled care approach was further sup-
ported by the INTERACT3 trial described in the previous 
section as well as the Quality in Acute Stroke Care Trial, 
which included both ischemic stroke and ICH patients and 
demonstrated that a nursing protocol for managing fever, 
hyperglycemia, and swallowing dysfunction reduced both 
disability and death at both 90 days and four years post-
intervention [24].

Initiating time-based neuroprotective measures can 
potentially augment the chances that patients benefit from 
advances in surgical treatment. The Minimally Invasive Sur-
gery Plus rt-PA for Intracerebral Hemorrhage Evacuation 
(MISTIE III) trial revealed that minimally invasive surgery 
(MIS) reduced all-cause mortality, but it did not provide 
functional outcome benefits at 1-year follow-up [25]. Sub-
group analyses suggested that patients who achieved the sur-
gical objective of residual hematoma volume under 15 mL 
had improved functional outcomes, with an additional 10% 
increase in the probability of functional independence after 
one year for each mL of hematoma removed beyond 15 mL 
(p = 0.002) [25]. Polster et al. investigated the post-operative 
hematoma volume in the MISTIE III and STICH (Surgical 
Trial in Intracerebral Hemorrhage) I and II trials. Patients 
who had lower post-operative hematoma volumes had a 
higher likelihood of an mRS of 0–3 than those who had 
larger post-operative volumes (p = 0.01 in MISTIE III and 
p = 0.003 in STICH II) [26]. Kellner et al. retrospectively 
reviewed MIS endoscopic ICH evacuation and found that 
time to evacuation, as well as age, the absence of intra-
ventricular blood, and lobar location were significantly 
associated with good functional outcomes [27]. A recent 
multicenter, randomized trial involving patients with acute 
ICH showed that among patients in whom surgery could 
be performed within 24 h after the hemorrhage, minimally 
invasive hematoma evacuation led to better functional out-
comes at 180 days than those with guideline-based medical 
management [28]. While additional studies are needed, this 
add to the armamentarium of time-sensitive interventions 
that could make a difference in patients with ICH.

Code‑ICH: A Long Overdue Paradigm for Emergency 
Intervention

Over the years, research and quality improvement measures 
for patients with ischemic stroke have led to decreases in the 
median door-to-needle (tPA) time and in-hospital all-cause 
mortality, and increases the percentage of patients able to 
be discharged home [29]. The research for similar improve-
ments in outcomes in patients with ICH exists, so it is time 
for widespread implementation.

This paper highlights the evidence behind treating ICH 
as a time dependent neurologic emergency and that timely 
bundled care can make a difference in reducing morbidity 
and mortality from this condition. The quality of this evi-
dence was most recently reviewed by the AHA/ASA in their 
guideline for the management of patients with spontaneous 
intracerebral hemorrhage in 2022 and randomized controlled 
trials continue to add to the arsenal of data [13].

With a disciplined and data-driven framework, the suc-
cess with treating ischemic stroke can be readily translated 
into an improved approach towards ICH care (Fig. 1). Just as 
in suspected ischemic stroke, patients should be transported 
to the CT scanner as soon as possible on arrival. When ICH 
is identified, the Code-ICH team consisting of neurosurgery, 
neurology, critical care/neurocritical care, emergency medi-
cine, pharmacy, and related disciplines should be mobilized 
collaboratively, similar to endovascular team activation for 
large vessel occlusion stroke. Within 60 min of arrival to 
the ED, hospitals should aim to have performed emergency 
reversal of anticoagulation for patients on anticoagulation 
and controlled systolic blood pressure to 130–150 mmHg 
with the fastest and most effective medications, prioritizing 
smooth blood pressure control. Any form of anticoagulation 
should be reversed with the most appropriate available agent 
with local pharmacy input. Neither the proposed Code-ICH 
algorithm nor the 2022 AHA/ASA guidelines endorse the 
administration of any particular reversal agent as a perfor-
mance measure. With recent advances in electronic medi-
cal record technology, ICH order sets should incorporate 
these elements to streamline decision-making process and 
facilitate documentation of these emergent interventions in 
real-time. To continually refine the above algorithm, hos-
pitals should track data on patients with ICH and the effi-
cacy of bundled interventions. By aggregating this valuable 
data through national and international registries, clinician-
researchers will be able to identify system level trends and 
areas for fine tuning.

This new paradigm for emergency intervention can help 
address some of the disparities in ICH care. Among patients 
with primary intracerebral hemorrhage from the National 
Inpatient Sample (2004–2018), urban (versus rural) hospital 
patients had a lower likelihood of ICH case fatality (adjusted 
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relative risk 0.86 [95% CI, 0.83–0.89]) [30]. A large pro-
spective multicenter case–control study of ICH among Black 
patients, Hispanic patients, and White patients observed 
that Hispanic patients and Black patients arrived to the ED 
with higher blood pressures compared with White patients 
and that Black patients continued to be more hypertensive 
than both Hispanic and White patients 24 h after admission 
despite more often receiving continuous antihypertensive 
infusions [31]. By adopting specific and concrete workflows 
and targets for every patient presenting with ICH regardless 
of demographic characteristics, opportunities for possible 
unconscious bias can be minimized. In addition, standard-
ized protocols and training between hub and spoke hospitals, 
particularly rural settings, can minimize geographic dispari-
ties in care.

Because trials supporting urgent intervention for patients 
with ICH have lagged behind that of AIS, providers, hospitals 
and organizations have been slower to adopt time-based 
treatment. One potential barrier to adopting Code-ICH is the 
pervasive and misinformed nihilism about the outcomes of 
patients with ICH. Clinicians often hold onto the pessimistic 
viewpoint that feeds into a self-fulfilling prophecy that ICH 
patients have poor outcomes, especially those perceived as 
“frail” on admission, discouraging families from aggressive 
care right from the beginning, despite the possibility that 
some of those patients might have had an acceptable 
outcome if treated more aggressively [32]. Accurately 
prognosticating after ICH is complex. A recent qualitative 
study of clinicians’ perceptions of the appropriateness 
of neurocritical care for patients with spontaneous ICH 
found that participants struggled to balance the concerns 
of over-treatment against premature treatment withdrawal 
since patients in the worst prognostic category sometimes 
surprise their doctors to make a meaningful recovery [33]. 
Fortunately, consensus statements have emerged in recent 

years advocating for deferring neuroprognostication—aside 
from the most clinically devastated patients—for at least 
the first 48–72 h of intensive care unit admission [34]. In 
line with this push towards aggressive early care of patients 
coming in with acute ICH, Code-ICH represents a concrete 
platform and framework on which to build and implement 
performance and quality improvement standards for this 
devastating disease.

Conclusions

Patients presenting with intracerebral hemorrhage deserve 
to be treated with the same urgency as patients arriving with 
acute ischemic stroke. The initial minutes to hours have been 
shown in study after study to be crucial determinants of 
patient outcomes. By adopting code ICH and pushing for a 
standardized, time-based, and collaborative approach as out-
lined in this article, we can excel in maximizing functional 
recovery for patients with this devastating disease.
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