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Objectives
● Summarize the consequences of blood pressure (BP) derangements in 

the setting of spontaneous intracerebral hemorrhage (sICH)
● Review the clinical literature regarding BP management in sICH
● Develop a treatment plan for a patient who presents to the ED with sICH



Patient case:
ZA is a 72 year old male presenting with confusion, 
nausea/vomiting, ataxia, and GCS 12

PMH - hypertension 

Home medications - amlodipine (wife states non-compliance)

BP 195/95 mmHg HR 72 bpm O2sat 98% 



sICH Epidemiology & Risk Factors
● ~10% of the 795,000 strokes per year in the United States are spontaneous 

intracerebral hemorrhages (sICH)
○ Brain injury: Acute blood extravasation into the brain parenchyma from a 

ruptured cerebral blood vessel
● ICH early mortality 30-40%
● Associated causes 
○ Hypertension
■ Strongest attributable risk factor

○ Cerebral amyloid angiopathy
○ Anticoagulation

Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361
Sheth KN. N Engl J Med. 2022 Oct 27;387(17):1589-1596.



sICH Epidemiology & Risk Factors
● Medications 
○ All antithrombotics
○ NSAIDs
○ Vasoconstrictive agents
■ Triptans, SSRIs, decongestants, stimulants, phentermine, 

sympathomimetic drugs
○ Antihypertensives (marker of chronic HTN) 
○ Estrogen containing oral contraceptives 

● Substance use
○ Smoking, alcohol, marijuana, sympathomimetics 

Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361
Sheth KN. N Engl J Med. 2022 Oct 27;387(17):1589-1596.



Clinical Presentation of sICH
● Similar to other origins of stroke 
● Differentiations from ischemic
○ Headache, nausea or vomiting,  depressed level of consciousness

Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361
Sheth KN. N Engl J Med. 2022 Oct 27;387(17):1589-1596.



Pathophysiology of sICH
● Occurs deep in brain structures 
○ Small cerebral blood vessel wall damage
○ Branches of large vessels of the circle of Willis 
■ Supply the basal ganglia, thalamus, pons, and deep portions of the 

cerebellum
● Putaminal and thalamic hemorrhages
○ Hyalinization and lipid deposits in the vessel walls → rupture 

● Lobar hemorrhages
○ Chronic hypertension, anticoagulation 

Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361
Sheth KN. N Engl J Med. 2022 Oct 27;387(17):1589-1596.



Pathophysiology of sICH

● Acute hypertensive response to sICH 
○ Hypertension will occur in the setting of reduced cerebral perfusion pressure 
→ increased hypertensive response is associated with hematoma 
expansion 

Qureshi AI. Circulation. 2008 Jul 8;118(2):176-87.
Qureshi AI, et al. J Cereb Blood Flow Metab. 2018 Sep;38(9):1551-1563.

Stroke causes 
transient/permanent 
damage to the brain 
regulation of BP

Direct injury to brain 
regions and indirect 
effects of reduced 
parasympathetic 
activity

Increased 
sympathoadrenal 
tone, release of renin 
and vasoconstriction 
of arterioles

Impaired cardiac 
baroreceptor 
sensitivity 



Sheth KN. Spontaneous Intracerebral Hemorrhage. N Engl J Med. 2022 Oct 27;387(17):1589-1596.

Figure 1 - Spontaneous ICH
● A-J noncontrast CT  & K MRI
● A&B - Lobar intracerebral hemorrhage 
● C&D - Putaminal intracerebral hemorrhage 
● E - Pontine intracerebral hemorrhage in the middle 

portion of the brain stem 
● F - Basal ganglia intracerebral hemorrhage 
● G - Intracerebral hemorrhage in the left cerebellum
● H - frontal intracerebral hemorrhage with extension 

into the ventricles (compartments that contain 
cerebrospinal fluid), often referred to as an 
intraventricular hemorrhage 

● I&J - an initial intracerebral hemorrhage that 
originated in the basal ganglia but underwent 
considerable expansion of the hematoma in the 
first hours after presentation 

● K - an intracerebral hemorrhage in the right 
thalamus 



Hematoma Expansion
● Predictor of clinical outcomes at 3 months
● Increased volume occurs in 25% of sICH and 30-40% in those associated 

with anticoagulation 
● Secondary brain injury
○ Occurs immediately 
■ Tissue injury and surrounding edema

Sheth KN. Spontaneous Intracerebral Hemorrhage. N Engl J Med. 2022 Oct 27;387(17):1589-1596.



Patient Assessment Tools
● ICH Score 
○ Clinical severity 
○ Estimates the  

functional 
outcomes, risk of 
death, early and at 
12 months

Stroke. 2001 Apr;32(4):891-7.



Treatment Goals of sICH
● Prevention of secondary brain injury
○ Hematoma enlargement
○ Secondary cerebral edema

● Anticoagulation & antiplatelet reversal as appropriate 
● Cerebral edema mamagent 
● Blood pressure management 



Patient case:
ZA is a 72 year old male presenting with confusion, 
nausea/vomiting, ataxia, and GCS 12

CT head - ICH in cerebellar region 

BP 195/95 mmHg HR 72 bpm O2sat 98% 



Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361.



Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361.



AHA/ASA 2022 Guideline Updates

Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361.

Recommendations for Acute BP Lowering 
Class of 

recommendation 
Level of 
evidence

Recommendations 

2a B-NR In patients with spontaneous ICH requiring acute BP lowering, careful titration to ensure continuous 
smooth and sustained control of BP, avoiding peaks and large variability in SBP, can be beneficial for 
improving functional outcomes.

2a C-LD In patients with spontaneous ICH in whom acute BP lowering is considered, initiating treatment within 2 
hours of ICH onset and reaching target within 1 hour can be beneficial to reduce the risk of HE and 
improve functional outcome

2b B-R In patients with spontaneous ICH of mild to moderate severity presenting with SBP between 150 and 
220 mmHg, acute lowering of SBP to a target of 140 mmHg with the goal of maintaining in the range 
of 130 to 150 mmHg is safe and may be reasonable for improving functional outcomes

2b C-LD In patients with spontaneous ICH presenting with large or severe ICH or those requiring surgical 
decompression, the safety and efficacy of intensive BP lowering are not well established

3: HARM B-R In patients with spontaneous ICH of mild to moderate severity presenting with SBP >150 mmHg, acute 
lowering of SBP to <130 mmHg is potentially harmful



INTERACT 2
Design International, multicenter, prospective, randomized, open-treatment, blinded end-

point trial (2839 patients)
Inclusion sICH with SBP 150-220 mmHg without contraindication to BP-lowering treatment

● Treatment within 6 hours of onset
Exclusions: structural cerebral cause of ICH, GCS 2-5, massive hematoma with 
poor prognosis, or if early surgery to evacuate hematoma planned

Intervention Intensive-treatment: SBP <140 within 1 hour after randomization

Standard-treatment: Treatment to be administered if SBP >180 mmHg
Results 
(Mean SBP)

Intensive-treatment: 150 mm Hg (33.4% achieved goal of SBP <140 mmHg)

Standard-treatment: 164 mmHg
Results 
(Disability and Death)

No difference in rates of major disability and death between intensive and 
standard-treatment group (52.0% vs 55.6%, P=0.06)
● Lower modified Rankin score with intensive treatment (OR for greater disability, 

0.89; P=0.04)
Conclusion Intensive lowering of BP did not result in significant reduction in rate of death or 

severe disability (primary outcome)
● Better functional outcomes with intensive-treatment (mean SBP 150 mm Hg)

Anderson CS, et al. N Engl J Med. 2013;368(25):2355-65.



ATACH-2
Design International, randomized, multicenter, two-group, open-label trial

Inclusion sICH (supratentorial) with one SBP ≥180 mmHg 
● Treatment within 4.5 hours after symptom onset

Exclusions: SBP reduced to <140 mmHg before randomization, GCS <5
Intervention Intensive-treatment: SBP 110-139 mmHg for 24 hours after randomization

Standard-treatment: 140-179 mmHg for 24 hours after randomization

Results: Mean SBP Intensive-treatment: 128.9 ±16 mmHg (treatment failure in 12.2% of patients)

Standard-treatment: 141.1 ± 14.8 mmHg 
Results: Disability 
and Death

No difference in rates of death or disability between intensive and standard-treatment 
(38.7% vs 37.7%, P=0.85)
● Rate of renal adverse events within 7 days after randomization significantly 

higher in intensive vs standard-treatment group (9.0% vs 4.0%, P=0.002)
Conclusion Treatment to achieve SBP 110-139 mmHg did not result in lower rate of death or 

disability than standard reduction to target 140-179 mmHg
● More renal adverse effects with intensive-treatment

Qureshi AI, et al. N Engl J Med. 2016;375(11):1033-43.



AHA/ASA 2022 Guideline Updates

Greenberg SM, et al. Stroke. 2022 Jul;53(7):e282-e361.

Recommendations for Acute BP Lowering 
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Level of 
evidence

Recommendations 

2a B-NR In patients with spontaneous ICH requiring acute BP lowering, careful titration to ensure continuous 
smooth and sustained control of BP, avoiding peaks and large variability in SBP, can be beneficial for 
improving functional outcomes.
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hours of ICH onset and reaching target within 1 hour can be beneficial to reduce the risk of HE and 
improve functional outcome

2b B-R In patients with spontaneous ICH of mild to moderate severity presenting with SBP between 150 and 
220 mmHg, acute lowering of SBP to a target of 140 mmHg with the goal of maintaining in the range 
of 130 to 150 mmHg is safe and may be reasonable for improving functional outcomes

2b C-LD In patients with spontaneous ICH presenting with large or severe ICH or those requiring surgical 
decompression, the safety and efficacy of intensive BP lowering are not well established

3: HARM B-R In patients with spontaneous ICH of mild to moderate severity presenting with SBP >150 mmHg, acute 
lowering of SBP to <130 mmHg is potentially harmful



Blood Pressure Variability in sICH
● Pooled analyses INTERACT2 and ATATCH-2
○ Achieving early and stable systolic blood pressure seems to be safe 

and associated with favourable outcomes (functional status) in 
patients with acute ICH of predominantly mild-to-moderate severity

● Retrospective data 
○ Higher systolic blood pressure variability in the first 24 hours of 

admission 
■ Associated with unfavorable in-hospital outcome (mRS 4-6) among 

ICH patients

Divani AA, et al.  Stroke. 2019 Aug;50(8):2023-2029.
Moullaali TJ, et al. Lancet Neurol. 2019 Sep;18(9):857-864.
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Timing of BP Management
● Post-hoc analysis of ATACH-2
○ 354 (38.7%) received 

nicardipine within 2 hours 
intensive vs standard

Li Q, et al. Ann Neurol. 2020 Aug;88(2):388-395.
Wang X, et al. Hypertension. 2015;65:1026–1032.

● Post-hoc analysis of INTERACT2
○ Odds ratio of death or major 

disability 



Patient case:
ZA is a 72 year old male presenting with confusion, 
nausea/vomiting, ataxia, and GCS 12

CT head - ICH in cerebellar region 

BP 195/95 mmHg HR 72 bpm O2sat 98% 

How do you want 
to treat this 

patient?



IV Dihydropyridine CCB Options 

Agent Onset Peak Duration

Nicardipine Within minutes 50% of the 
maximum effect 
is seen by 45 
minutes

1-2 hours (up to 
8 hours)

Clevidipine 2 to 4 minutes Not defined 5 to 15 minutes

Clinical 
Controversy!  



Dosing Strategies
● Clevidipine

○ Continuous IV infusion: Initial: 1 to 2 mg/hour.
■ Titration: Initial: Dose may be doubled at 90-second intervals toward BP goal. As BP 

approaches goal, increase dose by smaller increments every ~5 to 10 minutes. Note: For every 
1 to 2 mg/hour increase in dose, an approximate reduction of 2 to 4 mm Hg in systolic BP may 
occur.

■ Usual maintenance: 4 to 6 mg/hour; maximum: 21 mg/hour (1,000 mL per 24 hours due to lipid 
load restriction). Most patients will require doses ≤16 mg/hour. In patients with severe 
hypertension, doses up to 32 mg/hour may be considered based on limited short-term 
experience. Data are limited beyond 72 hours.

● Nicardipine
○ Continuous IV infusion: Initiate 5 mg/hour; titrate by 2.5 mg/hour at 5- to 15-minute intervals

(maximum dose: 15 mg/hour). When goal BP is obtained, adjust dose to maintain proper BP limits.



What agent do you 
have on formulary?



● Purpose
○ The purpose of this study was to compare the difference in time to achieve target systolic 

blood pressure (SBP) goals with clevidipine versus nicardipine infusions in patients admitted 
to the neuroscience intensive care unit (NSICU) 

● Methods
○ A retrospective review 
○ Patients receiving clevidipine or nicardipine infusions while in the NSICU between July 1, 

2011 and June 30, 2014
○ Patients were matched based on indication for BP lowering and target SBP
○ Primary endpoints 

■ Time to target SBP and percentage of time within target BP range
Finger JR, et al. Neurocrit Care. 2017 Apr;26(2):167-173.



Clevidipine Versus Nicardipine for Acute Blood Pressure 
Reduction in a Neuroscience Intensive Care Population

Finger JR, et al. Neurocrit Care. 2017 Apr;26(2):167-173.



Clevidipine Versus Nicardipine for Acute Blood Pressure 
Reduction in a Neuroscience Intensive Care Population

Finger JR, et al. Neurocrit Care. 2017 Apr;26(2):167-173.



● Purpose
○ To compare the efficacy and safety of nicardipine and clevidipine in acute stroke

● Methods
○ Retrospective review compared nicardipine with clevidipine for hypertension in 

acute stroke patients from March 17, 2015 to December 23, 2016
○ Ischemic and hemorrhagic stroke types were evaluated
○ Patients were excluded if under 18 years, had traumatic brain injury, had 

intracranial neoplasm, were on dialysis, had both study drugs during the stroke 
admission, or the study drug was infused for less than 1 hour

● Efficacy outcomes were: time to goal blood pressure, percent time in goal, blood 
pressure range, and need for additional antihypertensive agents during the infusion. 

Rosenfeldt Z, et al. J Stroke Cerebrovasc Dis. 2018 Aug;27(8):2067-2073. 



Rosenfeldt Z, et al. J Stroke Cerebrovasc Dis. 2018 Aug;27(8):2067-2073. 

Comparison of Nicardipine with Clevidipine in the Management of 
Hypertension in Acute Cerebrovascular Diseases



Rosenfeldt Z, et al. J Stroke Cerebrovasc Dis. 2018 Aug;27(8):2067-2073. 

Comparison of Nicardipine with Clevidipine in the Management of 
Hypertension in Acute Cerebrovascular Diseases



● Purpose
○ To determine whether clevidipine (CLEV) achieved faster blood pressure control compared to 

nicardipine (NIC) in patients presenting with either an acute ischemic stroke (AIS) or a 
spontaneous intracerebral hemorrhage (ICH)

● Methods
○ Retrospective, observational, cohort study conducted in patients with AIS or ICH admitted to the 

emergency department of a Comprehensive Stroke Center from November 2011 to June 2013 
who received CLEV or NIC continuous infusion for acute blood pressure management

Allison TA, et al. J Intensive Care Med. 2019 Nov-Dec;34(11-12):990-995. 



Comparison of Clevidipine and Nicardipine
for Acute Blood Pressure Reduction in Patients With Stroke

Treatment
● Clevidipine titration used a starting rate of 2 mg/h, 

which was then increased by doubling the dose every 
90 seconds until a rate of 12 mg/h was reached, and 
then increasing by 4 mg/h increments to a maximum 
dose of 32 mg/h. Nicardipine was initially started at 5 
mg/h and titrated by nursing discretion every 15 
minutes to a maximum dose of 15 mg/h.

Allison TA, et al. J Intensive Care Med. 2019 Nov-Dec;34(11-12):990-995. 



Comparison of Clevidipine and 
Nicardipine
for Acute Blood Pressure Reduction in 
Patients With Stroke

Allison TA, et al. J Intensive Care Med. 2019 Nov-Dec;34(11-12):990-995. 



Brown CS, et al. Neurocrit Care. 2022 Oct;37(2):435-446.



Comparison of Intravenous Antihypertensives on Blood Pressure 
Control in Acute Neurovascular Emergencies: A Systematic 
Review

“In conclusion, the optimal IV antihypertensive for patients with acute neurologic 
emergencies remains unknown. The very low level of evidence quality for all 
outcomes across the three head-to-head comparisons in our systematic review 
highlights this knowledge gap and the need for more investigation. Future 
prospective randomized studies should ideally evaluate the most promising agents 
(nicardipine and clevidipine) and include information on BP variability (as an end 
point or as a therapeutic target) and functional outcomes.”

Brown CS, et al. Neurocrit Care. 2022 Oct;37(2):435-446.



Summary 
● Per the AHA/ASA 2022 guideline update
○ Patients with a sICH presenting with SBP between 150 and 220 mmHg 

should have acute lowering of SBP to a target of 140 mmHg (range of 
130 to 150 mmHg)

○ Blood pressure management should be initiated within the first hour of 
treatment 

○ Continuous smooth and sustained control of BP should be achieved, 
avoiding peaks and large variability in SBP 

● Based on current literature, data is insufficient to favor nicardipine or 
clevidipine 



1. ZA is a 72 year old male presenting with confusions, nausea/vomiting, ataxia and GCS12. CT 
head shows ICH in cerebellar region. BP 195/95 mmHg, HR 58 bpm, and O2 sat 98% RA. What is the 
BP goal for this patient’s blood pressure at this time?

A.Target of 140 mmHg with the goal of maintaining in the range of 130 to 150 mmHg 
B. Target of < 130 mmHg 
C. Permissive hypertension 
D. Decrease MAP by 25% in first hour

Learning Assessment Question



Answer: a. Target of 140 mmHg with the goal of maintaining in the range of 130 to 150 mmHg 

Explanation

In ZA's case, a 72-year-old male with cerebellar intracerebral hemorrhage (ICH), the appropriate blood 
pressure (BP) goal is to target a systolic BP of 140 mmHg, maintaining it within 130-150 mmHg. This 
strategy, based on American Heart Association/American Stroke Association guidelines, balances 
hematoma growth prevention and adequate brain perfusion. Options (b), (c), and (d) are incorrect as 
they either target overly aggressive BP reduction, allow permissive hypertension, or focus on mean 
arterial pressure (MAP) without considering specific systolic BP targets for optimal management.

Learning Assessment Question



2. ZA is a 72 year old male presenting with confusions, nausea/vomiting, ataxia and GCS12. CT 
head shows ICH in cerebellar region. BP 195/95 mmHg, HR 58 bpm, and O2 sat 98% RA. What is the 
best treatment option for blood pressure management at this time?

A. Nicardipine 
B. Diltiazem
C. Labetalol 
D. None of the above 

Learning Assessment Question



Answer: a. Nicardipine

Explanation

Nicardipine is a preferred agent for blood pressure management in patients with ICH because it 
provides rapid, controlled, and reliable blood pressure reduction while maintaining stable heart rate. 
This is particularly important when managing hypertension in patients with ICH to prevent hematoma 
expansion and ensure adequate perfusion to the surrounding brain tissue. Options (b), (c), and (d) are 
not the best choices because they either have a less favorable hemodynamic profile or do not provide 
the appropriate level of blood pressure control needed in this clinical scenario.

Learning Assessment Question
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