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Abstract—A retrospective chart review of adult patients
ith primary intracranial hemorrhage (ICH) was conducted

o determine the effects of emergent anti-hypertensives on
ortality. Data included mean arterial pressure (MAP), Glas-

ow Coma Scale score (GCS), ICH size, and anti-hypertensive
reatment. Multi-variable logistic regression determined the
ffect of anti-hypertensives on ICH mortality. Of 66 patients
tudied, the overall mortality was 30.3%. Mortality was
4.5% for patients initially treated with anti-hypertensives vs.
5.8% for patients not treated. After controlling for age,
AP, GCS, and ICH size, anti-hypertensives given within the

rst 6 h of presentation were associated with a reduction in
ortality with a p value of 0.0375 and an odds ratio of 140

95% confidence interval [CI] 1.332 to >999). However, this
ffect may not occur in patients presenting with a systolic
lood pressure (SBP) < 200 mm Hg. In conclusion, in patients
ith primary intracranial hemorrhage, there was a significant
ecrease in mortality associated with emergent anti-hyperten-
ive therapy. A larger prospective study is needed to confirm
hese findings, define the subgroups that may benefit, and
etter determine the effect size. © 2005 Elsevier Inc.
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hage; hypertension; therapy; mortality; retrospective studies
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INTRODUCTION

ntracranial hemorrhage (ICH) accounts for approxi-
ately 10% of all strokes and carries a high mortality

ate, with a case fatality rate of 30% in the first month
nd almost 40% at one year (1–4). Among these hem-
rrhages, hypertension remains a frequent cause (3,5,6).
cientific investigation into the medical and surgical
anagement of ICH is lacking, making it difficult to

mpossible to determine efficacy of treatment or make
pecific treatment recommendations (7,8).

Specific recommendations regarding the degree of
reatment and preferred agent are sparse, but most rec-
mmend short-acting, easily titratable agents to adjust
uickly to the patient’s condition (3,6,7,9,10). Some
dvocate a goal blood pressure within 10–20% of the
atient’s baseline pressure in known hypertensives or the
pper limit of normal in others (5,10,11).

Conversely, lowering blood pressure too aggres-
ively is thought to possibly increase brain injury by
educing cerebral perfusion pressure (6,8 –10,12).
ome preliminary studies suggest that inflammation is
ore likely the cause of further neuronal injury, as

pposed to ischemia (13). One study found that re-
ardless of initial mental status or hematoma size, a
apid decline in mean arterial pressure (MAP) in the
rst 24 h after ICH is associated with increased mor-

ality (14). However, a prospective animal research
aboratory trial showed no evidence of deleterious

vember 2004;
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10 R. E. Burke et al.
ffect on regional cerebral blood flow with careful
eduction in blood pressure (12).

The primary study objective was to determine the
ffect on mortality of emergent anti-hypertensive
reatment in primary ICH patients, controlling for
everity of initial blood pressure and other markers of
isease severity.

METHODS

tudy Design

retrospective chart review was performed on consec-
tive patients diagnosed with ICH between January 1999
nd July 2001.

tudy Setting and Population

fter IRB approval, the study was conducted at a 434-
ed community teaching hospital with an Emergency
edicine Residency Program and annual Emergency
epartment (ED) volume of 34,000.

tudy Protocol

atients were included if they were at least 18 years of
ge and were diagnosed with ICH. Patients were ex-
luded if they had evidence of head trauma (by history or
hysical findings), subdural hematoma, subarachnoid
emorrhage, arterial venous malformation, cerebral an-
urysm, intracranial tumor, coagulopathy (by history,
NR � 2, platelets �100K, or warfarin use) or had
ndergone surgical intervention. The ICH patients not

able 1. Comparison of ICH Patients

Patients Died

umber 20
ge (SD) in years 80.2 (7.5)
ender (% females) 70.0% (14/20)
ystolic BP mm Hg (SD) 191.4 (37.1)
iastolic BP mm Hg (SD) 104.3 (26.8)
AP (SD) 133.3 (29.0)
lascow scale (SD) 7.8 (4.4)
istory of HTN 77.8% (14/18)

CH size �3 cm 5.0% (1/20)
CH size 3–6 cm 50.0% (10/20)
CH size � 6 cm 45.0% (9/20)
TN med �6 h 60.0% (12/20)
annitol 70.0% (14/20)
examethasone 70.0% (14/20)

ntubated 60.0% (12/20)
xcluded by these criteria were felt to have medically
I

anaged primary hypertensive ICH and formed the
tudy cohort.

easurements

ata collection included initial systolic blood pressure
SBP), initial diastolic blood pressure (DBP), initial
lascow Coma Scale score (GCS), underlying history of
ypertension (HTN), ICH size and location, emergent
nterventions (intubation, mannitol and dexamethasone),
nd anti-hypertensive medication administration within
h of initial presentation. Mean arterial blood pressure

MAP) was calculated using the standard formula, MAP
(SBP � 2DBP)/3. The outcome measure investigated

as mortality.

ata Analysis

escriptive comparisons were made between patients
ho survived and patients who died from ICH. Statistical

Patients Survived All Patients

46 66
72.4 (13.9) 74.8 (12.8)

61.0% (28/46) 63.6% (42/66)
167.4 (31.0) 174.7 (34.5)
92.8 (21.3) 96.3 (23.5)

117.7 (22.6) 122.4 (25.5)
13.8 (1.8) 12.0 (4.0)

71.1% (32/45) 73.0% (46/63)
40.0% (18/45) 29.2% (19/65)
55.6% (25/45) 53.8% (35/65)
4.4% (2/45) 16.9% (11/65)

50.0% (23/46) 53.0% (35/66)
43.5% (20/46) 51.5% (34/66)
60.9% (28/46) 63.6% (42/66)
6.5% (3/46) 22.7% (15/66)

able 2. Differences Between ICH Deaths and Survivors

Difference (95% CI) p Value

ge, years 7.8 1.2 to 14.4 0.0047
ender (female) 9.1% –15.4% to 33.7% 0.4785
ystolic BP mm Hg 24.0 6.4 to 41.6 0.0083
iastolic BP mm Hg 11.5 –0.8 to 23.8 0.0671
AP 15.7 2.5 to 28.9 0.0208
lascow scale –6.0 –4.5 to –7.6 �0.0001
istory of HTN 6.7% –16.7% to 30.0% 0.5902

CH size �3 cm –35.0% –52.2% to –17.8% 0.0065
CH size �6 cm 40.6% 17.9% to 63.2% 0.0002
TN med �6 h 10.0% –15.9% to 35.9% 0.4544
annitol 26.5% 1.8% to 51.2% 0.0476
examethasone 9.1% –15.4% to 33.7% 0.4785
ntubated 53.5% 30.8% to 76.1% �0.0001
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HTN and ICH 11
ignificance was determined using Student’s t-test for
ontinuous variables and chi-square (or Fisher’s) test for
ategorical variables. Using a logistic regression model
o control for significant confounders identified during
nivariate analysis, the independent effect of emergent
nti-hypertensive treatment on mortality was determined.
ignificance was set at a two-tailed p of � 0.05 and all
omputations were performed using SAS Version 8
SAS Institute, Inc., Cary, NC).

RESULTS

his study reviewed 141 patients, 75 of whom were
xcluded. Those excluded included 28 due to coagulopa-
hy, 14 due to trauma, 13 for surgical interventions, 12
ue to intracranial tumor, and 5 due to subarachnoid
emorrhage (SAH), arterial-venous malformation
AVM), or aneurysm. An additional three excluded cases
ere transfer patients with insufficient records. The sam-
le consisted of 66 patients (Table 1) with a mean age of
4.8 years (SD 12.8); 63.3% were females. A history of
ypertension was noted in 73.0% of the patients and the
ean initial MAP was 122.4 mm Hg (SD 25.5). In

3.9% of the cases, the ICH size was between 3 and 6
m, whereas 29.2% had ICH � 3 cm and 16.9% had ICH

6 cm.
The overall mortality was 30.3% and the differences

etween those who lived and died are shown in Table 2.
atients presenting with lower GCS and larger ICH le-
ions had significantly greater relative risk (RR) of death.
lso, patients needing emergent intubation were signif-

cantly more likely to die. Patients who expired were
lder by 7.8 years (95% confidence interval [CI] 1.2–
4.4) and had higher initial mean arterial blood pressure
f 15.7 mm Hg (95% CI 2.5–28.9)

Patients were treated with anti-hypertensive medica-
ion in 46 cases (69.7%): 35 cases (53.0%) received
nti-hypertensives within 6 h, 6 cases (9.1%) between 6
o 24 h, and 5 cases (7.6%) after 24 h. Patients receiving
nti-hypertensive therapy within the first 6 h had initial
AP 28.4 mm Hg higher than patients not initially

reated (Table 3). Without controlling for age, initial
AP, initial GCS, and ICH size, patients not initially

reated with anti-hypertensives had a mortality rate of
5.8% (8/31), whereas patients treated had a mortality
ate of 34.3% (12/35). However, when stratified by initial
ystolic blood pressure (Table 4), patients with initial
BP between 140 and 200 mm Hg had improved mor-

ality when treated with anti-hypertensives in the first 6 h
29.6% vs. 11.1%, respectively; RR � 0.38, 95% CI
.09–1.57), although this effect was not statistically sig-
ificant (p � 0.11).
A multi-variable logistic regression model was used r
o control for age, MAP, GCS, and ICH size. Four
mergent interventions (intubation, mannitol, dexameth-
sone, and anti-hypertensives in the first 6 h) were placed
n the logistic model. (Table 5) The resulting regression
ad an adjusted R-squared of 84.1% and passed the
osmer and Lemeshow goodness-of-fit test with a p
alue of 0.7207, both values indicating a good logistic
odel. After controlling for age, MAP, GCS, and ICH

ize, emergent treatment of blood pressure within the
rst 6 h of presentation was associated with a significant
eduction in mortality, with a p value of 0.0375 and an
dds ratio of 140 (95% CI 1.332 to �999).

DISCUSSION

lood pressure management in ICH remains highly con-
roversial. Many patients have elevated blood pressure
cutely after ICH, which may resolve spontaneously
ithout intervention (9,10,15). Generally accepted rec-
mmendations advocate cautious blood pressure reduc-
ion if the systolic blood pressure (SBP) remains � 200
m Hg or diastolic blood pressure (DBP) remains �110
m Hg (3,6,9–11). It is unclear from the Emergency
edicine literature whether or not SBP in the 140 to 200
m Hg range should be lowered initially.
Approximately 25% of patients with ICH develop

ematoma enlargement in the first hour and up to 40% in
he first 24 h, many of whom develop neurologic dete-
ioration (11,16). In those patients with hemorrhage in-
rease there is a slight trend towards higher morbidity
nd mortality at 4 to 6 weeks (16). Neither marked
levations in presenting blood pressure nor initial hem-
rrhage size predicted hemorrhage growth in these pa-
ients (16). Although the reduction of blood pressure in
he acute phase of ICH theoretically is thought to reduce
ontinued bleeding from leaking arterioles, a definitive

able 3. Differences between Patients Receiving Anti-
hypertensive Medication in First 6 Hours and
Patients not Treated

Difference (95% CI) p Value

ge, years 4.2 –2.0 to 10.5 0.1788
ender (female) 16.6% –6.4% to 39.6% 0.1620
ystolic BP mm Hg 37.9 23.6 to 52.2 �0.0001
iastolic BP mm Hg 23.6 13.5 to 33.6 �0.0001
AP 28.4 17.8 to 38.8 �0.0001
lascow scale –0.52 –2.50 to 1.46 0.6019
istory of HTN 24.8% 3.5% to 46.2% 0.0265

CH Size�3 cm –18.7% –40.4% to 29.6% 0.0938
CH Size �6 cm 1.0% –17.0% to 19% 0.9122

annitol 5.9% –18.2% to 30.0% 0.6323
examethasone –1.6% –24.9% to 21.6% 0.8888

ntubated 6.4% –13.7% to 26.4% 0.5384
elationship between blood pressure elevation and in-
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12 R. E. Burke et al.
reasing hematoma size has not been demonstrated
2,8,9,11,12,17). Regardless, some have shown a more
avorable outcome in those ICH patients with blood
ressure reductions (15).

Our primary study objective was to determine the inde-
endent effect on mortality of initial anti-hypertensive treat-
ent in primary ICH patients. The univariate analysis

hows that advanced age and increased initial blood pres-
ures are associated with increased ICH mortality. There-
ore, without controlling for the initial blood pressure, any
ffect seen with initial anti-hypertensive treatment may be
asked by the effect of the initial blood pressure itself. A

imilar argument is made for controlling severity of disease.
CH patients with very severe disease may have such high
ortality probabilities that any effect of treatment is again

idden. It is no surprise that on the univariate analysis, all
hree markers of ICH severity (Glascow Coma score, hem-
rrhage size, and emergent intubation) are significantly
ssociated with increased mortality. These univariate results
learly suggest that a multi-variable regression approach is
ecessary to define the effect of early anti-hypertensive
reatment.

The logistic regression model shows that after con-
rolling for initial severity of illness and initial MAP,
arly anti-hypertensive treatment has a beneficial effect
n patient mortality. Although the size of this beneficial
ffect is imprecise with a wide 95% confidence interval,
he lower confidence limit of the odds ratio suggests that,
t minimum, there will be a 33% increase in survival
ith early anti-hypertensive treatment.
Because there are already generally accepted rec-

mmendations regarding systolic blood pressures
200 mm Hg, our findings will have greatest appli-

able 4. Mortality with Anti-hypertensive Treatment within 6
Pressure (mm Hg)

Systolic BP Not Treated

140 0 (0/4) 33.
40 � SBP � 200 29.6% (8/27) 11.
200 0 (0/0) 64.

able 5. Multi-variable Logistic Regression Predicting Proba

Effect Wald p Value

nti-hypertensive in first 6 h 0.0375
ge, years 0.0145
AP 0.0317
CS 0.0546

CH size � 6cm 0.7676
ntubation 0.9749

annitol 0.9470

examethasone 0.9561
ability for patients presenting with SBP � 200 mm
g (3,6,9 –11). In our study, 68% of ICH patients had
40 � SBP � 200 mm Hg, and it was in this group
hat initial anti-hypertensive treatment demonstrated a
ifference in mortality, although this was not statisti-
ally significant.

These findings also confirm a similar association
ound in a prior study that persistent inadequate blood
ressure control in the first 6 h adversely affected prog-
osis (15). Although there have been arguments made
hat lowering initial blood pressure may lower cerebral
lood flow leading to poor results, our results suggest
therwise. It has been shown that autoregulation of blood
ressure is maintained despite pressure reduction in the
mall and medium-sized ICH (12).

tudy Limitations and Future Questions

major limitation is the retrospective nature of this study.
ithout a prospective protocol, it is not possible to control

or the individual physician’s decision to initiate different
herapies. Perhaps patients given anti-hypertensives were
ore clinically stable and treating physicians were more

nclined to treat. Or, perhaps, patients not given treatments
ad major co-morbidities and this selection process influ-
nced the effect on mortality. By its retrospective nature,
his study can show only association between treatments
nd outcome and not causality.

The power and sample size is a limitation of our
tudy. It is too small to allow precise estimates of the
agnitude of the effect seen with early anti-hypertensive

reatment of ICH patients. Another limitation of our
tudy is the likelihood of additional confounding factors.

s When Stratified by Severity of Initial Systolic Blood

Relative Risk (95% CI) p Value

3) N/C 0.4286
18) 0.38 (0.09–1.57) 0.1065
14) N/C N/C

of Survival after ICH

Odds Ratio (95% CI)

140.4 1.332–�999
0.707 0.535–0.934
0.887 0.796–0.990
2.131 0.985–4.610
0.521 0.007–38.59
0.909 0.002–355.2

�0.001 �0.001 � 999
Hour

Treated

3% (1/
1% (2/
bility
�999 �0.001 � 999



T
n

s
d
S
o
s

I
t
w
g
c
s
i
fi
p
w
t
1

1

1

1

1

1

1

1

1

HTN and ICH 13
he effect of treatment may be confounded by factors
ot included in our logistic model.

Further studies with a prospective protocol and larger
ample size will clarify and better estimate the indepen-
ent effect of anti-hypertensive therapy in ICH patients.
uch studies should include other factors not included in
ur study and also look at outcomes between different
pecific hypertensive medications.

CONCLUSIONS

n this study of patients with intracranial hemorrhage,
here was a significant decrease in mortality associated
ith initial anti-hypertensive treatment for the whole
roup. This improvement in mortality was found after
ontrolling for age, initial blood pressure, and markers of
everity such as Glascow score, hemorrhage size, and
ntubation. A larger prospective study is needed to con-
rm these findings and better determine the effect size. A
rospective study will also be important to determine
hether anti-hypertensive treatment will decrease mor-

ality in the subgroup of patients in whom initial SBP is
40–200 mm Hg.

REFERENCES

1. Labovitz DL, Sacco RL. Intracerebral hemorrhage: update. Curr
Opin Neurol 2001;14:103–8.

2. Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, Hondo H, Hanley
DF. Spontaneous intracerebral hemorrhage. N Engl J Med 2001;344:
1450–60.

3. Godersky JC, Biller J. Diagnosis and treatment of spontaneous

intracerebral hemorrhage. Compr Ther 1987;13:22–30.
4. Anderson CS, Jamrozik KD, Broadhurst RJ, Stewart-Wynne EG.
Predicting survival for 1 year among different subtypes of stroke.
Results from the Perth Community Stroke Study. Stroke 1994;25:
1935–44.

5. Taylor CL, Selman WR, Ratcheson RA. Brain attack. The emer-
gent management of hypertensive hemorrhage. Neurosurg Clin N
Am 1997;8:237–44.

6. Seestedt RC, Frankel MR. Intracerebral hemorrhage. Curr Treat
Options Neurol 1999;1:127–37.

7. Phillips SJ. Pathogenesis, diagnosis, and treatment of hyperten-
sion-associated stroke. Am J Hypertens 1989;2:493–501.

8. Broderick JP, Adams HP Jr, Barsan W, et al. Guidelines for the
management of spontaneous intracerebral hemorrhage: a statement
for healthcare professionals from a special writing group of the
Stroke Council, American Heart Association. Stroke 1999;30:905–
15.

9. Diringer MN. Intracerebral hemorrhage: pathophysiology and
management. Crit Care Med 1993;21:1591–603.

0. Fisher M. Primary intracerebral and subarachnoid hemorrhage. An
approach to diagnosis and therapy. Arq Neuropsiquiatr 1991;49:
233–42.

1. Brott T, Clark W, Fagan S, et al. Stroke the first hours. Guidelines
for acute treatment (pamphlet). National Stroke Association; 2000.

2. Powers WJ, Zazulia AR, Videen TO, et al. Autoregulation of
cerebral blood flow surrounding acute (6 to 22 hours) intracerebral
hemorrhage. Neurology 2001;57:18–24.

3. Carhuapoma JR, Wang PY, Beauchamp NJ, Keyl PM, Hanley DF,
Barker PB. Diffusion-weighted MRI and proton MR spectroscopic
imaging in the study of secondary neuronal injury after intracere-
bral hemorrhage. Stroke 2000;31:726–32.

4. Qureshi AI, Bliwise DL, Bliwise NG, Akbar MS, Uzen G, Frankel
MR. Rate of 24-hour blood pressure decline and mortality after
spontaneous intracerebral hemorrhage: a retrospective analysis
with a random effects regression model. Crit Care Med 1999;27:
480–5.

5. Dandapani BK, Suzuki S, Kelley RE, Reyes-Iglesias Y, Duncan
RC. Relation between blood pressure and outcome in intracerebral
hemorrhage. Stroke 1995;26:21–4.

6. Brott T, Broderick J, Kothari R, et al. Early hemorrhage growth in
patients with intracerebral hemorrhage. Stroke 1997;28:1–5.

7. Varon J, Marik PE. The diagnosis and management of hyperten-

sive crises. Chest 2000;118:214–27.


	IS EMERGENT ANTI-HYPERTENSIVE TREATMENT BENEFICIAL IN INTRACRANIAL HEMORRHAGE?
	INTRODUCTION
	METHODS
	Study Design
	Study Setting and Population
	Study Protocol
	Measurements
	Data Analysis

	RESULTS
	DISCUSSION
	Study Limitations and Future Questions

	CONCLUSIONS
	REFERENCES


