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Abstract

Introduction Treatment of elevated blood pressure after
acute intracerebral hemorrhage (ICH) is controversial.
There is a risk of hematoma expansion with elevated blood
pressure, and risk of ischemia with blood pressure control.
This study was done to determine the effect of blood
pressure control on outcome.

Methods We retrospectively studied 122 patients with
ICH. We collected 24-h blood pressure readings on all
patients. The Glasgow Coma Score (GCS) at baseline and at
24 h was used to determine neurological deterioration (GCS
decline > 2). Baseline computerized tomography (CT)
scans were reviewed for hematoma volume, intraventricular
hemorrhage, and location of hemorrhage. Drops in systolic
blood pressure and mean arterial pressures over 24 h were
divided in quartiles to determine the risk of neurological
deterioration among quartiles. A logistic regression model
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was used to determine the association between variables of
interest and neurological deterioration.

Results Neurological deterioration was observed in 12
patients (10%). Baseline blood pressure and GCS were
only two variables significantly different among quartiles
of blood pressure drop. Multivariable adjusted analysis for
these variables demonstrated significant trend toward
reduced neurological deterioration with maximum blood
pressure drop (systolic or mean). The risk of neurological
deterioration was significantly lower in the quartile of
maximum drop of systolic (odds ratio [OR] 0.02, 95%
confidence interval [CI] 0.0-0.68) or mean (OR 0.03, 95%
CI 0.0-0.98) blood pressure when compared to the quartile
with least drop.

Conclusion This study supports that reduction of blood
pressure in patients with acute ICH is safe and suggests that
aggressive reduction might reduce the risk of neurological
deterioration in first 24 h of admission.

Keywords Intracerebral hemorrhage - Outcome -
Hypertension - Neurological deterioration - Hypertensive
emergency

Introduction

In patients presenting to an emergency department with
intracerebral hemorrhage (ICH), 27% have a systolic blood
pressure (SBP) of 160 mmHg or greater [1]. The treatment
of acute hypertension in patients with ICH is highly con-
troversial [2]. There is concern for perihematomal ischemia
with reduction of blood pressure (BP) [2] and persistently
elevated BP may increase the risk of hematoma expansion
after acute ICH [3-7]. No Phase III clinical trials have
studied the differential safety or efficacy of treatment
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strategies for elevated blood pressure in acute ICH.
American Heart Association guidelines recommend blood
pressure control if SBP is more than 180 mmHg or mean
arterial pressure (MAP) is more than 130 mmHg [8].

In Neurosciences Critical Care Unit (NSU) at University
Hospitals of Cleveland, elevated BP is controlled in all
patients with ICH. The goal is to bring the systolic BP to
less than 160 mmHg, but there remains variability in
achieving this goal. In addition, because of a wide spec-
trum of baseline BP in these patients, the amount of BP
drop compared to baseline was even more variable. This
provided us with the opportunity to study the effect of
amount of BP drop on neurological deterioration.

Methods
Patient Selection

We used the International Classification of Diseases, 9th
revision (ICD-9) code 431 to identify the patients with ICH
admitted to University Hospitals Case Medical Center in
Cleveland, OH from May 1997 to July 2001. We excluded
patients with the following characteristics: Glasgow Coma
Score (GCS) < 5, withdrawal of care on admission, sur-
gical hematoma evacuation within 24 h of admission, onset
of symptoms >24 h before arrival to the NSU, or insuffi-
cient BP readings. This study was approved by the local
IRB.

Data Collection

We collected demographic factors including age, gender,
and race; and baseline clinical risk factors including
hypertension, diabetes mellitus, smoking status, alcohol
use, and anticoagulation medication.

Two physicians (JIS and TR) retrieved and reviewed
head computerized tomography (CT) scans (baseline only)
for all patients. In addition to confirmation of the diagnosis
of ICH, the parameters collected include hematoma vol-
ume (in cm3), intraventricular hemorrhage (as absent or
present), hydrocephalus, location of hematoma (cerebral
hemisphere, brainstem, or cerebellar), and midline shift
(pineal in mm).

All patients with ICH were admitted to the NSU and had
hourly BP recorded in the nursing flow sheet either from
cuff or arterial line values. In addition, NSU protocol
included hourly documentation of neurological examina-
tion, and control of BP (SBP < 160 mmHg). The first BP
recording on arrival to the NSU was chosen as baseline BP
for this study, because any treatment for BP before that was
not according to any protocol and varied among the
emergency medical service staff or emergency room

physicians. For this study, arterial line readings were pre-
ferred over cuff pressure readings and were used if
recordings were available for full 24 h. When arterial line
readings were not available for full 24 h, cuff pressure
readings were used as a substitution after establishment of
concordance between the two methods. An arbitrary cri-
terion of a difference of less than 10 mmHg of SBP on all
simultaneous readings was used to establish concordance
between the two methods. BP readings might be missing if
the patient was off the floor (e.g., transport of patients to
radiological studies). If the total number of BP readings
was less than 12, then those patients were excluded from
the analysis.

To demonstrate safety in BP reduction, minimum BP
was considered to be the point of maximum risk. Since the
minimum blood pressure would have different impact
based on the baseline pressure, we used maximum drop in
BP as the marker of interest. There are no data to suggest
either SBP or MAP as a better measure for management of
BP after ICH. The American Heart Association guidelines
[8] recommend management based on both parameters
(SBP < 180, MAP < 130). We studied the association of
both SBP and MAP with neurological deterioration. The
drop in SBP and MAP was defined as the difference
between the baseline pressure reading (on arrival to the
NSU) and the minimum reading recorded in 24 h (after
arrival to NSU). As there is no standard criterion for
clinically significant drop of BP, to analyze the association
between BP drop and neurological deterioration, we divi-
ded the BP into four quartiles. The use of multilevel
classification also allows exploration of the shape of the
association, and avoids the problem of non-linear associ-
ation. It is also more robust to outliers when compared to
linear trend.

The baseline GCS was retrieved from admission notes.
Physician’s daily notes and nursing flow-sheets were used
for 24-h GCS. Neurological deterioration was defined as a
decrease in GCS of >2 points at 24 h compared to the
baseline GCS. Our definition of neurological deterioration
conforms with what has been previously reported [9].
Because a minimum drop of GCS of 2 points was used as a
threshold, patients with GCS of 3 or 4 were excluded.

Statistical Analysis

The trajectory in BP during 24 h was analyzed with a linear
mixed model using an autoregressive correlation structure
[10] to identify the shape of the association and time to
maximum decline and whether individual trajectories are
significantly different from each other. The significance of
maximum drop was analyzed using a paired sample #-test.
We used analysis of variance (F-test) for comparison of
means (continuous variables) and the chi-square method
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(categorical variables) for comparison of risk factors for
neurological deterioration among different categories of
BP drop. All values are expressed as means * standard
deviations. We used a generalized linear model with logit
transformation and binomial distribution using the gen-
eralized estimating equation method [11] to account for
multiple admissions per patient to study the effect of drop
in BP as quartiles on neurological deterioration, unadjusted
and adjusted for other neurological deterioration risk fac-
tors. Variables considered as risk factors were age, gender,
intraventricular hemorrhage, volume of hematoma, base-
line GCS, and baseline SBP or MAP. Adjusted models only
included the most important predictors associated with
levels of SBP/MAP drop because of the small number of
patients with neurological deterioration. Associations of
quartiles BP with neurological deterioration are expressed
as odds ratios with the first quartile as reference. Tests for
trends in quartiles are presented. A P-value of less than
0.05 was considered significant. All analyses were done
using SAS (9.1.3 SAS Institute Inc., Cary, NC).

Results

A total of 206 consecutive patients were admitted with ICH
during the study period. We were unable to retrieve com-
plete medical records for 13 patients (6%). Patients with
GCS <5 (n = 33), withdrawal of care on admission
(n = 11), surgical hematoma evacuation within 24 h of
admission (n = 18), onset of symptoms >24 h before
arrival to the NSU (n = 4), or insufficient BP readings
(n = 5) were excluded from this study. Characteristics of
patients excluded from the analysis were similar to those
analyzed (see Table 1).

A total of 122 patient-visits were included in the anal-
ysis. The patients’ mean age was 69.5 + 13.2 years and 58
of them (48%) were men. Four patients were admitted with

Table 1 Comparison of baseline characteristics of patients included
and excluded from the analysis

Characteristic Analysis sample Excluded sample
(N = 118 patients) (N = 82 patients)
Age 69.7 (£13.1) 65.9 (£13.4)
Male 56 (48%) 40 (49%)
African-American 41 (35%) 30 (37%)
Diabetes 22 (19%) 16 (20%)
Hypertension 86 (74%) 58 (71%)
History of coronary 23 (20%) 10 (12%)
artery disease
Cigarette smoking 9 (8%) 8 (10%)

Note: Characteristics refer to patients, while the sample size referred
to in the text corresponds to patient-visits

ICH on multiple occasions (3 patients on two occasions
and 1 patient on three occasions). Neurological deteriora-
tion was seen in 12 patient-visits (10%). The most likely
causes of neurological deterioration, as recorded in the
medical records, were hydrocephalus in 2 patients; ICH
growth in 4 patients; fever in 4 patients; and seizures in 2
patients. Mean baseline SBP and MAP were 169 + 28 and
112 4+ 20 mmHg, respectively. Median time to first BP
recording from symptom onset for the entire cohort was
6 h (range 2-6). There was no difference in the median
time to first BP recording among the 4 quartiles for either
SBP or MAP analyses (Tables 2 and 3).

The trajectory of SBP and MAP followed a quadratic
function, with a P-value for the quadratic term of <0.001 for
SBP and MAP, and individual trajectories were signifi-
cantly different from each other (P-value < 0.0001) (see
Figs. 1 and 2). The minimum value, based on the quadratic
function for SBP, was 148 mmHg, and for MAP it was
95 mmHg at 15.2 h and 14.9 h after admission, respec-
tively. There was a significant absolute drop in both SBP
and MAP from baseline (P < 0.05). Mean minimum values
for SBP and MAP were 122 4+ 18 and 78 &+ 12 mmHg,
respectively.

Clinical baseline characteristics of patients in relation to
quartiles of SBP drop are shown in Table 2. There was no
significant difference in these characteristics among SBP
quartiles except for SBP at baseline (P < 0.0001). Simi-
larly, Table 3 demonstrates the clinical characteristics of
patients in relation to quartiles of MAP drop. Again, there
was no significant difference in baseline characteristics
among MAP quartiles, except for MAP at baseline
(P < 0.0001).

In univariable analysis, there was no association or trend
between SBP or MAP drop-quartiles with neurological
deterioration (see Tables 4 and 5 for crude odds ratios). In
multivariable analysis, adjusting for baseline GCS and
baseline SBP, there was a significant negative trend
between SBP drop-quartiles and neurological deterioration
(P =0.047) and a significant decrease of risk in the
quartile with maximum SBP drop (=64 mmHg) compared
to the quartile with minimum SBP drop (see Tables 4 and 5
for odds ratios). Similarly, there was a significant negative
trend between MAP drop-quartiles and neurological dete-
rioration (P = 0.04) and significant decrease of risk
between the maximum and minimum MAP drop-quartiles.

Discussion

Our results suggest that there is trend toward reduced risk
of neurological deterioration with higher drop in either
SBP or MAP independent of baseline SBP or MAP. The
risk of neurological deterioration after ICH is reduced in
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Table 2 Clinical characteristics of patient-visits by quartiles of SBP drop

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

<29 mmHg >29 to <46 mmHg >46 to <65 mmHg >65 mmHg

(n =31) (n = 28) (n = 33) (n = 30)
Age (Mean £ SD) 67 + 13 75 +9 68 + 13 69 + 15 0.95
Male 12 (49%) 16 (57%) 13 (39%) 17 (57%) 0.27
History of hypertension 23 (74%) 21 (75%) 26 (79%) 20 (67%) 0.74
Use of anticoagulation 5 (16%) 5 (18%) 5 (15%) 6 (20%) 0.96
Midline shift >2 mm 10 (32%) 7 (26%) 8 (24%) 12 (40%) 0.53
IVH 8 (26%) 6 (21%) 13 (39%) 13 (43%) 0.21
Volume of hematoma 17.7 (16.7) 24.4 (28.8) 24.2 (36.0) 22.9 (28.0) 0.48
Baseline GCS 12.9 (2.9) 11.2 (3.9) 13.3 (2.7) 11.4 (4.2) 0.44
Baseline SBP 142.9 (17.9) 161.6 (15.8) 176.7 (19.5) 195.5 (24.6) <0.0001
Median time to BP recording 6 (3-6) 52-7) 6 (2-6) 6 (2-5) 0.54
Brain stem location 0 1 3%) 2 (7%) 1 (3%)
Table 3 Clinical characteristics of patient-visits by quartiles of MAP drop

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

<21 mmHg >21 to <29 mmHg >29 to <41 mmHg >4]1 mmHg

(n = 30) (n=29) (n = 32) (n =31)
Age (Mean + SD) 66 + 14 70 £ 9 75+ 12 66 + 15 0.72
Male 13 (43%) 11 (38%) 16 (50%) 18 (58%) 0.43
History of hypertension 22 (73%) 18 (62%) 26 (81%) 24 (77%) 0.37
Use of anticoagulation 4 (13%) 4 (14%) 5 (16%) 8 (26%) 0.53
Midline shift >2 mm 9 (30%) 7 (25%) 8 (25%) 13 (42%) 0.43
IVH 7 (23%) 7 (25%) 9 (28%) 8 (26%) 0.17
Volume of hematoma 18.0 (16.2) 28.0 (27.5) 18.9 (20.0) 30.5 (41.6) 0.04
Baseline GCS 13.2 (2.7) 11.6 (3.4) 12.4 (3.5) 11.7 (4.1) 0.21
Baseline MAP 94.4 (14.7) 105.9 (10.9) 113.7 (11.4) 129.4 (21.5) <0.0001
Median time to BP recording 6 (3-6) 6 (2-5) 6 (3-6) 6 (3-6) 0.53
Brain stem location 1 3%) 0 1 3%) 2 (6%)

MAP: mean arterial pressure; SD: standard deviation; IVH: intraventricular hematoma; GCS: Glasgow Coma Scale

patients with a drop in SBP of >65 mmHg or a drop in
MAP of >40 mmHg within 24 h of admission.

Previous studies have investigated the association
between reduction of BP and hospital mortality. Two
studies have reported improved mortality with reduction of
elevated BP in patients with acute ICH. In 1962 Meyer and
Bauer [12] published a prospective, nonrandomized,
unblinded trial of reduction of BP with hypotensive drugs
in 167 subjects with ICH. There was improved mortality in
patients who received hypotensive drugs but the study was
limited because of the fact that the treatment group was
less severely affected as compared with the untreated group
at presentation (93% of untreated patients were semicom-
atose or comatose as compared with 76% of the treated
group). Dandapani et al. [13] retrospectively studied BP
control within the first 2-6 h after presentation and

reported improved mortality and morbidity with BP
reduction. However, this study did not consider important
variables such as hematoma volume, intraventricular
hemorrhage, and initial GCS score. In a prospective study,
Qureshi et al. [14] observed that a rapid decline in MAP
within 24 h after acute ICH is associated with increased
mortality. Recently, Qureshi et al. [15] prospectively
studied the outcome in 27 patients with acute ICH when
SBP and Diastolic BP were targeted below 160 and
100 mmHg, respectively. The rate of neurological deteri-
oration at 24 h was not noted to be high (7.4%) compared
to historical controls.

Although our study is similar to the prospective trial by
Qureshi et al. [15], in terms of target BP control and out-
come, since we collected retrospective data, our sample
size is much larger. This study is different from other
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Fig. 2 Trajectory of MAP over time

previous studies in that we investigated the deterioration in
neurological status in the hyperacute setting rather than
hospital mortality as an outcome. The effect of reduction in
BP on hospital mortality may be confounded by other

clinical factors during hospital stay. Using the 24-h GCS
limits the possibility of other medical or neurological
complications. Also, we speculate that the main risk of
reduction in BP is ischemic injury and is more likely to be
reflected in immediate GCS rather than in hospital mor-
tality. Pilot phases of two major trials have been completed
and preliminary results suggest no significant neurological
deterioration with blood pressure control. Intensive Blood
Pressure Reduction in Acute Cerebral Hemorrhage Trial
(INTERACT) [16] randomized 404 patients with SBP
between 150 and 220 mmHg within 6 h of ICH into SBP of
<180 mmHg and <140 mmHg goal groups. There was no
difference in neurological deterioration at 72 h between the
two groups. The Antihypertensive Treatment in Acute
Cerebral Hemorrhage (ATACH) [17] trial enrolled 58
patients in 3 tiers. The target blood pressure for three tiers
was SBP 170-200, 140-170, and 110-140 mmHg and
neurological deterioration was seen in 1, 2, and 3 patients,
respectively.

In the present study, we found no increased risk of
neurological deterioration with marked reduction of BP,
and observed better neurological outcome with such prac-
tice. These results suggest that the possible risk of
ischemia, if present, may be clinically insignificant. The
theory of perihematoma ischemia has been challenged by
both human and animal studies measuring cerebral blood
flow (CBF). Powers et al. [18] measured regional CBF with
positron emission tomography (PET) using an [15] O tracer
in 14 patients with acute ICH and demonstrated that
reduction in MAP from 143 £ 10 to 119 £ 11 mmHg had
no significant change in either global or periclot CBF.
Powers et al. calculated that there is less than a 5% chance
that global or periclot CBF will fall by more than —2.7 ml/
100 g/min. Qureshi et al. [19] studied the effect of MAP
reduction on periclot CBF after experimental introduction
of ICH in a canine model. CBF was measured using radio-
labeled microspheres and was repeated after MAP reduc-
tion. The reduction in MAP was not accompanied by any
significant differences in regional CBF.

Hematoma enlargement is the main cause of neurolog-
ical deterioration after ICH [20, 21]. Previous studies have
associated high blood pressure with hematoma enlarge-
ment [3-7]. In the INTERACT npilot trial, the rate of

Table 4 Relationship between

SBP quartil d losical mmHg Total Neurological Crude odds Multivariable adjusted®
quarliies and nearotogica deterioration ratio (95% CI)  odds ratio (95% CI)
deterioration
Quartile 1 <29 31 3 (10%) Reference Reference
Quartile 2 >29 to <46 28 5 (18%) 2.0 (0.4-9.4) 0.65 (0.09-4.7)
Quartile 3 >46 to <65 33 3 (9%) 0.9 (0.2-5.0) 0.83 (0.10-7.5)
Quartile 4 >65 30 1 (3%) 0.3 (0.03-3.3) 0.02 (0.00-0.68)
a Adjusted for baseline GCS, Test for trend 0.27 0.047

baseline MAP
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Table 5 Relationship between

MAP il d losical mmHg Total Neurological Crude odds Multivariable adjusted®
quartiies and neurologica deterioration ratio (95% CI)  odds ratio (95% CI)
deterioration
Quartile 1 <20 27 2 (7%) Reference Reference
Quartile 2 >20 to <29 32 6 (21%) 3.7 (0.7-19.8) 2.0 (0.25-16.5)
Quartile 3 >29 to <40 29 3 (9%) 1.4 (0.2-9.3) 0.53 (0.05-5.8)
Quartile 4 >40 32 1 (3%) 0.5 (0.1-5.4) 0.03 (0.00-0.98)
Adjusted for baseline GCS, Test for trend 0.37 0.044

baseline MAP

substantial growth was reduced in patients whose blood
pressure was more aggressively lowered (P = 0.05). We
did not study hematoma enlargement, but a reduced rate of
hematoma enlargement is a possible explanation of better
outcomes observed in patients with maximum blood pres-
sure drops in our study.

Our study has several potential limitations. It is retro-
spective and may not be free from bias in data collection or
patient selection. The baseline BP was taken on admission
to the NSU rather than on arrival to the emergency room.
Since most of the patients with ICH have hematoma
expansion within the first 24 h [3, 21] we tried to limit this
group by eliminating patients who did not reach NSU
within 24 h of symptom onset. However, there is the
possibility that a number of patients may have had hema-
toma expansion and neurological deterioration before the
baseline examination. This will limit the patients’ benefit-
ing from BP reduction. Additionally, due to the lack of
serial exams, the neurological deterioration was established
from a 24-h exam and not correlated to the time of maxi-
mum drop in BP.

This study supports that reduction of blood pressure in
patients with acute ICH is safe and suggests that aggressive
reduction might reduce the risk of neurological deteriora-
tion in first 24 h of admission.
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