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Abstract

Background—Evidence indicates that systolic blood pressure (SBP) reduction may reduce 

hematoma expansion in patients with intracerebral hemorrhage (ICH) who are initially seen with 

acute hypertensive response.

Objective—To explore the relationship between different variables of SBP reduction and 

hematoma expansion, perihematomal edema, and 3-month outcome among patients with ICH.

Design—Post hoc analysis of a traditional phase 1 dose-escalation multicenter prospective study.

Setting—Emergency departments and intensive care units.

Patients—Patients having ICH with an elevated SBP of at least 170 mm Hg who were seen 

within 6 hours of symptom onset.

Intervention—Systolic blood pressure reduction using intravenous nicardipine hydrochloride 

targeting 3 tiers of sequentially escalating SBP reduction goals (170–199, 140–169, or 110–139 

mm Hg).
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Main Outcome Measures—We evaluated the effect of SBP reduction (relative to initial SBP) 

on the following: hematoma expansion (defined as an increased intraparenchymal hemorrhage 

volume >33% on 24-hour vs baseline computed tomographic [CT] images), higher perihematomal 

edema ratio (defined as a >40% increased ratio of edema volume to hematoma volume on 24-hour 

vs baseline CT images), and poor 3-month outcome (defined as a modified Rankin scale score of 

4–6).

Results—Sixty patients (mean [SD] age, 62.0 [15.1] years; 34 men) were recruited (18, 20, and 

22 patients in each of the 3 SBP reduction goal tiers). The median area under the curve (AUC) 

(calculated as the area between the hourly SBP measurements over 24 hours and the baseline SBP) 

was 1360 (minimum, 3643; maximum, 45) U. Comparing patients having less vs more aggressive 

SBP reduction based on 24-hour AUC analysis, frequencies were 32% vs 17% for hematoma 

expansion, 61% vs 40% for higher perihematomal edema ratio, and 46% vs 38% for poor 3-month 

outcome (P>.05 for all). The median SBP reductions were 54 mm Hg at 6 hours and 62 mm Hg at 

6 hours from treatment initiation. Comparing patients having equal to or less vs more than the 

median SBP reduction at 2 hours, frequencies were 21% vs 31% for hematoma expansion, 42% vs 

57% for higher perihematomal edema ratio, and 35% vs 48% for poor 3-month outcome (P>.05 

for all).

Conclusions—We found no significant relationship between SBP reduction and any of the 

outcomes measured herein; however, the Antihypertensive Treatment of Acute Cerebral 

Hemorrhage study was primarily a safety study and was not powered for such end points. The 

consistent favorable direction of these associations supports further studies with an adequately 

powered randomized controlled design to evaluate the efficacy of aggressive pharmacologic SBP 

reduction.

Acute hypertensive response is elevation of blood pressure above normal and premorbid 

values that initially occurs within the first 24 hours of symptom onset in patients with 

intracerebral hemorrhage (ICH).1,2 In an analysis of 45 330 patients with ICH,3 75% of 

patients had systolic blood pressure (SBP) exceeding 140 mm Hg at presentation, and 20% 

had SBP exceeding 180 mm Hg. Elevated SBP is associated with hematoma expansion4 and 

poor outcome5; however, the cause-and-effect relationship is unknown. Systolic blood 

pressure reduction may reduce the rate of hematoma expansion, although conclusive 

evidence is unavailable.1 However, recent evidence suggests that SBP reduction may be 

tolerated because of reduced metabolism (hibernation)6 and preserved autoregulation7,8 in 

the perihematoma region.

Results of the Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial 

(INTERACT) suggested that early intensive blood pressure reduction seems to attenuate 

hematoma expansion in patients with ICH.9 Concurrently, an open-label pilot study funded 

by the National Institute of Neurological Disorders and Stroke was conducted to 

demonstrate the tolerability and safety of antihypertensive treatment goals using intravenous 

nicardipine hydrochloride (18–24 hours after onset) for acute hypertension response 

associated with spontaneous ICH as described previously.10 Briefly, 3 levels of treatment 

goals of increasing intensity were evaluated in a stepwise fashion. The observed proportions 

of the 2 primary safety end points, neurologic deterioration and serious adverse events, were 

below the prespecified safety thresholds, and the 3-month mortality was lower than expected 
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(approximately 20%) in all SBP tiers.11 The detailed SBP recordings collected as part of the 

trial protocol allowed an opportunity to study the effect of SBP reduction (relative to initial 

SBP) independent of tiers on several secondary end points in the study. We determined the 

effect of SBP reduction on hematoma expansion, perihematomal edema, and 3-month 

outcome among recruited patients.10

METHODS

STUDY DESIGN

Briefly, 3 levels of treatment goals of increasing intensity were evaluated in a stepwise 

fashion in the Antihypertensive Treatment of Acute Cerebral Hemorrhage (ATACH) study. 

For the first 24 hours after symptom onset, the goal was to reduce and maintain SBP 

between 170 and 200 mm Hg for the first treatment tier, between 140 and 170 mm Hg for 

the second treatment tier, and between 110 and 140 mm Hg for the third treatment tier. The 

nicardipine infusion was started within 6 hours of symptom onset and continued until 24 

hours after onset of ICH. Nicardipine was administered as a continuous intravenous infusion 

with a starting dose of 5 mg/h. The dose was then increased by 2.5 mg/h every 15 minutes as 

needed, up to a maximum of 15 mg/h. If the SBP fell below the specified levels, intravenous 

nicardipine was reduced by 2.5 mg/h every 15 minutes until the drug was discontinued.

After enrollment in the study, SBP, heart rate, transcutaneous oxygen saturation, and 

respiratory rate were monitored continuously. A neurologic assessment by a qualified 

neurologist was performed before initiation of antihypertensive treatment using the National 

Institutes of Health Stroke Scale score and the Glasgow Coma Scale score. Systolic blood 

pressure was monitored using an intra-arterial catheter or an automated cuff inflation device 

per the discretion of the primary physician. The frequency of measurements was as follows: 

every 5 minutes for the first 15 minutes if intravenous nicardipine was being initiated or 

adjusted, every 15 minutes if no change was made in the dose of intravenous nicardipine for 

the first hour, and subsequently every 15 to 30 minutes for the duration of the nicardipine 

infusion. More frequent measurements were recommended if prominent SBP changes were 

observed as determined by the treating physician. Hourly minimum and maximum SBP 

recordings for 18 to 24 hours after initiation of nicardipine were recorded on the case report 

forms.

Postdischarge follow-up was performed at a mean of 90 (±15) days after enrollment. 

Patients were assessed for their functional outcome using the modified Rankin scale 

(mRS)12 by a designated neurologist at each site who was blinded to the treatment tier.

Electronic files of the baseline and 24-hour computed tomographic (CT) images were 

forwarded to the core laboratory for volumetric analysis. The core laboratory neuroimaging 

personnel, blinded to the treatment tier and clinical findings, reviewed all CT images and 

recorded findings on a case report form that included the following: (1) site of hemorrhage, 

(2) ventricular extension by assessing CT images for the presence or absence of blood in the 

ventricles, (3) parenchymal hematoma volume calculated by computerized image analysis, 

and (4) parenchymal edema volume calculated by computerized image analysis. Images 

were imported into a software program (Image-Pro Express; Media Cybernetics, Silver 
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Spring, Maryland). The regions of hemorrhage and perihematoma edema (rim of 

hypodensity) were identified, and their borders were approximated on the screen with 

electronic markers as previously described in other studies.13–16 The numbers of pixels 

constituting the area of hemorrhage with and without edema were determined. With the 

linear centimeter scale on each CT image, a calibration square was used to determine the 

calibration factor (pixels per square centimeter) to obtain real surface area measurements in 

square centimeters. The surface area was multiplied by the image section thickness (0.5–1.0 

cm) to obtain a section volume. Section volumes were then summed to obtain the hematoma 

and perihematoma edema volume. The perihematoma edema volume was calculated by 

subtracting the hematoma volume from the hematoma volume plus edema volume.

STATISTICAL ANALYSIS

Baseline SBP was calculated using the mean of minimum and maximum SBPs recorded 

before initiation of treatment. Systolic blood pressure recordings within each hour during 

treatment were summarized with a mean SBP, derived from minimum and maximum hourly 

recordings. For each patient, the area under the curve (AUC) was estimated using the 

trapezoid method to provide a summary of SBP changes over the 24-hour period relative to 

the patient’s baseline SBP and was dichotomized at the overall median of 1360 U. The mean 

SBPs at 2 hours and 6 hours were used to determine SBP reduction relative to the baseline 

value. The change from baseline (baseline SBP minus posttreatment SBP) was dichotomized 

at the median values of 54 mm Hg at 2 hours and 62 mm Hg at 6 hours.

The effects of dichotomized risk variables (2-hour SBP, 6-hour SBP, and AUC) were then 

evaluated for the outcomes of hematoma expansion and higher perihematomal edema ratio 

at 24 hours and an mRS score of 4 to 6 at 3 months. Hematoma expansion was defined as 

increased intraparenchymal hemorrhage volume exceeding 33% on 24-hour vs baseline CT 

images. The cutoff for hematoma expansion is based on that defined by Brott et al,13 which 

is the size change that is associated with significant neurologic deterioration and exceeds the 

measurement variation because of differences in image acquisition. The same definition has 

been used for hematoma expansion in other studies.9,17 Relative edema volume was defined 

as absolute edema volume divided by hematoma volume, yielding a unitless ratio. The ratio 

has been used previously to detect serial change in edema volume, which can be obscured if 

absolute edema volume is used.18 Gebel et al18 also found that changes in relative edema 

volume over time are not contaminated by subsequent clot expansion or retraction. The 

percentage change from baseline of this ratio was dichotomized at the median value of 40% 

because no previous cutoff with prognostic validation exists. The primary clinical outcome 

was death or moderate to severe disability, defined as an mRS score of 4 to 6 at 3 months 

following treatment initiation. We chose the mRS because of its high interobserver 

reliability, superiority to other indexes (eg, Barthel index),19,20 and consistency with 

previous trials in patients with ICH. The cutoff for dichotomization was based on previous 

multicenter studies17,21 evaluating the effect of hematoma expansion on clinical outcome. 

We chose to dichotomize instead of using continuous variables because the relationship 

between percentage change in hematoma volume or edema volume may not have a linear 

relationship with clinical outcome (at high volumes because of limited intracranial 

compliance)22 and because variation in error terms may be higher at lower volumes. We also 
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provided absolute change (in milliliters) in hematoma volume and edema volume at 24 hours 

according to strata based on SBP change.

Because the objective of this study is secondary to the goal of the ATACH study, the 

analyses are descriptive in nature with presentations of relative risks (RRs) and their 95% 

confidence intervals (CIs). All calculations were conducted using statistical software (SAS, 

version 9.1.3; SAS Institute, Cary, North Carolina).

RESULTS

Sixty patients (mean [SD] age, 62.0 [15.1] years; 34 men [57%]) were enrolled, with 18, 20, 

and 22 patients recruited in each of the 3 SBP reduction goal tiers. The demographic and 

clinical characteristics of the patients according to SBP reduction strata are summarized in 

Table 1. Forty patients were enrolled with initial SBP exceeding 200 (minimum, 171; 

median, 209; maximum, 300; and mean [SD], 213 [25.3]) mm Hg. Of those, 26 (62%) had 

SBP reduction of at least 62 mm Hg at 6 hours after symptom onset. In contrast, among 

patients enrolled with initial SBP not exceeding 200 mm Hg, 5 (25%) had such a reduction.

Overall, the percentage change in hematoma volume ranged from −98.2% to 1515.8% 

(median, 3.3%); the percentage change in relative edema volume ranged from −58.9% to 

582.4% (median, 40%). Of 60 patients, 8 were missing the 3-month mRS score. The score 

distribution among the remaining 52 patients was 0 (2 patients [4%]), 1 (11 patients [21%]), 

2 (12 patients [23%]), 3 (5 patients [10%]), 4 (8 patients [15%]), 5 (4 patients [8%]), and 6 

(10 patients [19%]). Figures 1, 2, and 3 show the differences in SBP change among patients 

according to hematoma expansion, higher perihematomal edema ratio, and poor 3-month 

outcome. Throughout the 24-hour treatment period, SBP reduction was more prominent in 

patients without hematoma expansion and was less prominent in patients with an mRS score 

of 4 to 6.

Table 2 gives the magnitude of the relationship between different variables of SBP reduction 

and the outcome measures. The median AUC was 1360 (minimum, 45; maximum, 3643) U. 

Comparing patients having more vs less aggressive SBP reduction based on 3-hour AUC 

analysis, frequencies were 32% vs 17% for hematoma expansion, 61% vs 40% for higher 

perihematomal edema ratio, and 46% vs 38% for poor 3-month outcome (P>.05 for all). 

Comparing patients having less vs more than the median SBP reduction at 6 hours, 

frequencies were 21% vs 31% for hematoma expansion, 42% vs 57% for higher 

perihematomal edema ratio, and 35% vs 48% for poor 3-month outcome (P>.05 for all). 

Absolute increase in hematoma volume at 24 hours was nonsignificantly higher (Table 1) 

among patients having less aggressive SBP reduction based on AUC analysis (mean, 6.4 

mL) compared with those having more aggressive SBP reduction (0.7 mL). Similarly, 

absolute increase in edema volume at 24 hours was higher among patients having less 

aggressive SBP reduction (6.0 vs 12.8 mL). There were absolute risk reductions in poor 3-

month outcome of 22% (RR, 0.61; 95% CI, 0.33–1.16) among patients who did not have 

hematoma expansion and 12% (RR, 0.74; 0.35–1.54) among patients who did not have 

higher perihematomal edema ratio.
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Twenty patients were treated within 3.1 hours of symptom onset. They had the same or 

lower frequencies of hematoma expansion (26%), higher perihematomal edema ratio (33%), 

and poor 3-month outcome (27%) compared with those who were treated later (26%, 58%, 

and 47%, respectively). The sample size of 20 patients was too small to obtain RRs with 

reasonable CIs; however, the trend was similar to that of the entire cohort, with more 

pronounced risk reduction with greater SBP reduction (data not shown).

COMMENT

Previous studies4,5 of ICH have been based predominantly on initial recording, and because 

SBP treatment and targets were heterogeneous, considerable variability may have occurred 

that is not represented by the SBP values analyzed in those studies. The multicenter ATACH 

study prospectively recruited patients within a well-defined time frame and collected SBP 

data systematically throughout the study. However, because the primary trial objective was 

tolerability and safety, the analysis was retrospective. In the post hoc ATACH analysis, we 

generally found that greater SBP reduction at all time points within 24 hours of symptom 

onset was associated with reduction in hematoma expansion and lower rates of death and 

disability. The cause-and-effect relationship between SBP measures and the study end points 

is unclear.

It is possible that patients having hematoma expansion had been seen earlier and had smaller 

hematomas, while patients who were seen later had already had expansion before 

presentation and had larger baseline hematomas. The differential SBP change may be related 

to variation in baseline hematoma volume and to time to presentation, both of which affect 

hematoma expansion,23,24 However, initial SBP, baseline hematoma volume, and time 

between symptom onset and emergency department arrival were similar between strata 

defined by SBP change.

An alternative interpretation of the results is that persistent SBP elevation is a consequence 

of hematoma expansion and increasing mass effect. The differences in SBP change between 

the 2 strata defining the presence or absence of hematoma expansion (Figure 1) and death 

and disability (Figure 3) are obvious at an early stage, presumably preceding the end points 

under consideration. Four of 7 symptomatic hematoma expansions in the ATACH study11 

occurred after 12 hours. Furthermore, in previous experimental25,26 and clinical27 studies, 

SBP increase during ICH or transtentorial herniation is transient and small. However, 

definite evidence to identify a causal relationship between SBP change and our study end 

points is unavailable.

Findings in previous case series have suggested that a high proportion of patients with ICH 

who experience hematoma expansion have poorly controlled SBP elevation. Chen et al28 

reported persistent hypertension in 6 of 8 patients before hematoma expansion. An SBP of at 

least 195 mm Hg was recorded during the first 6 hours after symptom onset in 5 of 6 patients 

with hematoma expansion described by Broderick et al.23 In 186 patients with ICH, Kazui et 

al4 identified several factors associated with hematoma expansion, including history of brain 

infarction, liver disease, SBP on admission of at least 200 mm Hg, and fasting plasma 

glucose level of at least 141 mg/dL (to convert glucose level to millimoles per liter, multiply 
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by 0.0555). Maruishi et al29 investigated the effects of serial SBP changes among 57 patients 

admitted within 6 hours of symptom onset of ICH and found that patients with hematoma 

expansion were significantly more likely to have increased SBP. Results of other studies 

have suggested an inconsistent relationship between SBP and hematoma expansion. In a post 

hoc analysis of 65 patients evaluated within 3 hours of symptom onset of ICH30 and not 

undergoing surgery, peak SBP was higher among those with (205 mm Hg) vs without (198 

mm Hg) hematoma expansion. In the multivariate analysis, peak SBP demonstrated a trend 

(P=.18) to association with hematoma expansion, but the relationship did not achieve 

statistical significance. In an exploratory analysis from a randomized study24 of recombinant 

factor VII among 382 patients with ICH, elevated SBP of at least 170 mm Hg was associated 

with hematoma expansion (P=.08) in univariate analysis. In multivariate analysis, treatment 

with recombinant factor VII and longer time from symptom onset to baseline CT image 

were related to decreased hematoma expansion. Systolic blood pressure did not achieve 

statistical significance.

In April 2007, INTERACT (Trial Registration: clinicaltrials.gov Identifier: NCT00226096) 

completed recruitment, randomizing 404 patients within 6 hours of ICH symptom onset.9 

INTERACT randomized patients with ICH and elevated SBP (150 to <220 mm Hg) to 

intensive SBP management (goal SBP, <140 mm Hg) or to American Heart Association 

guideline–based SBP management (goal SBP, <180 mm Hg)31,32 using available 

antihypertensive agents. Compared with patients randomized to American Heart Association 

guideline–based SBP management, patients randomized to intensive SBP management had a 

mean 14-mm Hg lower SBP for the first hour and a mean 10-mm Hg lower SBP for 1 to 24 

hours. The rates of hematoma expansion (>33% increase at 24 hours or 12.5 mL) were 15% 

among patients randomized to intensive SBP management and 23% among patients 

randomized to American Heart Association guideline–based SBP management (P=.05); the 

mean proportional increases were 14% and 36%, respectively (P=.06). Patients recruited 

within 3 hours of symptom onset and patients with initial SBP of at least 181 mm Hg 

seemed to benefit most from intensive SBP reduction. No significant difference in 3-month 

mortality was observed between the groups, although the study was not powered to 

demonstrate a difference in rates of clinical outcomes.

We explored the possibility that increased perihematomal edema contributed to our observed 

association between lack of SBP reduction and poor outcome. A prospective study33 of 240 

consecutive patients within 3 hours of symptom onset of first-ever ischemic stroke (n=190) 

or ICH (n=50) demonstrated a relationship between high SBP and cerebral edema. Patients 

underwent CT within 24 hours of stroke onset and 5 days later to determine the presence of 

brain edema. Edema was defined as midline shift, sulcal effacement, or ventricular 

compression in patients with acute ischemic stroke or as a hypodense area around the 

hematoma accompanied by mass effect in patients with ICH.

The main outcome measure, brain edema formation, was present in 78 patients (33%). The 

24-hour SBPs were significantly higher in patients with brain edema. In multivariate 

analysis, the 24-hour SBPs remained significantly associated with brain edema after 

adjusting for other covariates. The prognostic value of relative perihematomal edema 

volume is controversial. Gebel et al34 found that higher relative perihematomal edema 
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volumes at baseline or 20 hours after symptom onset of ICH were associated with better 

functional outcome at 3 months. However, there is some evidence that higher perihematomal 

edema volume is associated with greater mortality in patients with ICH.14

In conclusion, in a post hoc analysis of the ATACH study, we observed a nonsignificant 

relationship between magnitude of SBP reduction and hematoma expansion and 3-month 

outcome. The consistent favorable direction of these associations supports further studies 

with an adequately powered randomized controlled design to evaluate the efficacy of 

aggressive pharmacologic SBP reduction.
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Figure 1. 
Mean systolic blood pressure (SBP) reduction over 24 hours according to hematoma 

expansion (≤33% vs >33%).
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Figure 2. 
Mean systolic blood pressure (SBP) reduction over 24 hours according to higher 

perihematomal edema ratio (≤40% vs >40%).
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Figure 3. 
Mean systolic blood pressure (SBP) reduction over 24 hours according to poor 3-month 

outcome (modified Rankin scale score of 0–3 vs 4–6).
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