Table 3 US Food and Drug Administration (FDA)
pregnancy categories

‘The FDA-assigned pregnancy categories as used in the Drug
Formulary are as follows:

Category A
Adequate and well-controlled studies have failed to demon.
strate a risk to the fotus in the first trimester ol pregnancy fand
thore is no evidence of risk in later trimesters)

Category B
Animal reproduction studies have failed to demonstrate a risk
to the fetus and there are mo adeguate and well-controlled
studies in pregnant women.

Category G
Animal reproduction studies have shown an adverse effect on
the fetus and there are no adequate and well-controlled studies
in humians, but potential beneiits may warrant use of the drug
in pregnant women despite potential risks,

Category D
There is positive evidence of human fetal risk based on adverse
reaction data from investigational or marketing exporience or
studies in bumans, but potential benefits may warrant use of
the drug in pregnant women despite potential risks.

Category X
Studies in animals or humans have demeonstrated fetal abnor-
malities andlor there is positive evidence of human letal gisk
based on adverse reaction data from investigational or market-
ing experience, and the risks involved in use of the drug in
pregnant women clearly outweigh potential benefits,

Reproduced with permission from Drugs in Pregrancy and
Loctation, 8th ed., ©2008 Lippincott Williams & Wilkins.V
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ance. Consequently, unfractionated heparin is
generally administered. Noteworthy adverse reac-
tions with heparin include hemorrhage, which is a
common complication with all antithrombotic
drugs, and heparin-induced thrombocytopenia.
Another important adverse reaction in pregnant wo-
men is possible fractures due to bone demineraliza-
tion caused by long-term administration of heparin.
In addition, because of increased heparin-binding
proteins, increased circulating plasma volume, in-
creased clotting factors, and problems with renal
clearance, the need for heparin during pregnancy is
areater than in non-pregnancy. Since January 2012,
home heparin self-injection in pregnant women af-
ter mechanical heart valve replacement or those
with a history of DVT has been covered by health
insurance.

Warfarin, the leading oral anticoagulant drug, has
a low molecular weight and does cross the placenta.
Therefore, warfarin administration during the abso-
lutely and relatively sensitive stages (days 28 to 112)
can cause abnormalities in fetal osteogenesis and
chondrogenesis, as well as central nervous system
malformations such as microencephaly. These ter-
atogenic effects are considered dose-dependent. In
addition, because enzyme systems and vitamin K-
dependent clotting factors are undeveloped in the fe-
tus, the effects of warfarin are more easily manifest
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Fig. 1 Anticoagulant therapy in pregnant women with mechanical heart valve replacement. Modified with permis-
sion from the Circulation Journal {76: 240-260, 2012}, ©2012, the Japanese Circulation Society."
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Antithrombotic Therapy for Pregnant Women

in the fetus than in mothers. Therefore, to prevent
teratogenicity in the absolutely and relatively sensi-
tive stages, and to prevent complications such as
fetal intracranial hemorrhage in the later period of
pregnancy due to decreased clotting factors, warfa-
rin administration is not recommended in pregnant
women.

Figure 1 shows anticoagulant therapy in pregnant
women after mechanical heart valve replacement,¥
consisting of warfarin and heparin administration
from week 14 to about week 33 of pregnancy. The
rationale based on guidelines is that the prophylactic
effects of heparin on thrombus are uncertain.’¥
Moreover, the rationale for a daily dose of warfarin
=5 mg is based on the dose-dependence of warfarin
teratogenicity. However, an oral warfarin dose of 5
mg is considered quite high in Japanese patients, so
warfarin should be ecarefully administered while
monitoring the prothrombin time {international nor-
malized ratio). The guidelines from the American
Heart AssociationfAmerican Stroke Association®
recommend that the following options may be consi-
dered for pregnant women with ischemic stroke or
transient ischemic attack and high-risk thromboem-
bolic conditions such as hypercoagulable state or
mechanical heart valves: adjusted dose unfractionat-
ed heparin throughout pregnancy, for example, a
subcutaneous dose every 12 hours with monitoring
of activated partial thromboplastin time; adjusted-
dose low-molecular-weight heparin with monitoring
of anti-factor Xa throughout pregnancy; or unfrac-
tionated heparin or low-molecular-weight heparin
until week 13, followed by warfarin until the middle
of the third trimester and reinstatement of unfractio-
nated heparin or low-molecular-weight heparin until
delivery (Class Iih, Level of Evidence C}. Because
home heparin self-injection is now covered by
health insurance, the number of pattents using hepa-
rin is thought to be increasing.

Various types of new oral anticoagulant drugs
have been available in Japan since 2011, and these
can be clinically used in patients with non-valvular

el
&

atrial fibrillation and those undergoing lower Hmb
orthopedic surgery. These new agents include the
direct thrombin inhibitor dabigatran and the activat-
ed factor X inhibitors edoxaban, rivaroxaban, and
apixaban. In large-scale clinical trials, these new
oral anticoagulants have reduced hemorrhagic com-
plications to the same or greater extent than warfa-
rin, and in particular, the incidence of intracranial
hemorrbage compared to warfarin is markedly
decreased.” In addition, argatroban, an intravenous
direct thrombih inhibitor, is now widely used as an
alternative to heparin for treatment of the acute
phase of cerebral infarction and in heparin-induced
thrombocytopenia. However, the Japanese package
inserts for these anticoagulants advise quite cauti-
ous administration in pregnant women. In other
words, dabigatran, edoxaban, and apixaban,should
only be used when the benefits outweigh the risks,
and rivaroxaban should not be given to pregnant
women. Argatroban has been assigned pregnancy
calegory B by the FDA, but the Japanese package
inserts specily that argatroban should not be ad-
ministered to pregnant women.

Antiplatelet Drugs in Pregnant Women

Venous thrombosis occurs more often than arterial
thrombosis in pregnant women, and the guidelines
include less information about antiplatelet drugs
than anticoagulant drugs. Table 4 summarizes the
effects of antiplatelet drugs in patients during preg-
nancy and breasifeeding.® Aspirin, the leading an-
tiplatelet drug, may cause teratogenicity and fetal
toxicity such as premature closure of the ductus ar-
teriosus; and perinatal mortality is increased. But
when low doses of aspirin are administered as an-
tiplatelet therapy, the FDA has assigned pregnancy
category C, and tireatment is relatively safe.
However, the drug package insert says “contraindi-
cated {regardless of dose) in pregnant women within
12 weeks of the expected date of delivery (pregnancy
week 28 or later).” Therefore, a full explanation and

Table 4 Effects of antiplatelet drugs in patients during pregnancy and breastfeeding

Package insert

Drug m[:&‘:}w Characteristicsfadverse reactions };fﬁii‘:v Bfﬁﬁgﬁes;?g
: semeily i Pregnancy Breastfeeding

Agpirin (low C considered relatively safe, ne potential relative contraindication

dose) do not use in pregnancy week 28 or toxicity confraindication
later regardless of dose

Dipyridamole )i hypotension, . no probably relative contraindication
worsening of angina pectoris allowed contraindication

Ticlopidine B hemorrhage, no potential relative contraindication

liver dysfunction toxicity - contraindication .

Revised with permission from the Circulation Journal {76: 240-260, 2012), ©2012, the Japanese Circulation Society.?
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Table 5 Information in Japaness package inserts re-
garding use of antiplatelet drugs in pregnant women

Drug Guideline for use in pregnant women
Aspirin up to week 28: may be used if risks outweigh the
benefits,

week 29 and later: do not use

Clopidogrel may bs used if risks outweigh the benefits
Ozagrel may be used if risks outweigh the benefits
Cilostazol do not uss in pregnant women
Ticlopidine  do not use in pregnant women

informed consent are necessary for administration
in the third trimester of pregnancy.

The Japanese package inserts for clopidogrel and
ozagrel recommend use only when the benefits out-
weigh the risks (Table 5). Cilostazol and ticlopidine
are contraindicated in pregnant women. On the
other hand, aspirin and ozagrel are reported to be
effective in preventing placental thrombosis in preg-
nant women with autoimmune disorders such as
antiphospholipid syndrome.

Conclusion

In the present paper, the author, who is not a
specialist in perinatal medicine, has discussed using
antithrombotic drugs in pregnancy based on guide-
lines and package insert information. Searching the
literature often found disagreement between infor-
mation in FDA categories, Japanese guidelines,
Japanese package inserts, and overseas package in-
serts, but this was not further pursued. Neurosur-
geons and neurologists also commonly encounter
pregnant women with thromboembolism, such as
ischemic stroke. Up-to-date information and correct
selection of drugs are necessary in consultation with
specialists in perinatal care.
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intracerebral hemorrhage: a multicenter, prospective, observational study
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Systolic Blood Pressure After Intravenous
Antihypertensive Treatment and Clinical Outcomes
in Hyperacute Intracerebral Hemorrhage

The Stroke Acute Management With Urgent Risk-Factor Assessment
and Improvement-Intracerebral Hemorrhage Study

Yuki Sakamoto, MD; Masatoshi Koga, MD; Hiroshi Yamagami, MD; Satoshi Okuda, MD;

Yasushi Okada, MD; Kazumi Kimura, MD; Yoshiaki Shiokawa, MD; Jyoji Nakagawara, MD;
Eisuke Furui, MD; Yasuhiro Hasegawa, MD; Kazuomi Kario, MD; Shoji Arihiro, MD; Shoichiro Sato, MD;
Junpei Kobayashi, MD; Eijirou Tanaka, MD; Kazuyuki Nagatsuka, MD; Kazuo Minematsu, MD;
Kazunori Toyoda, MD; for the SAMURAI Study Investigators

Background and Purpose—Blood pressure (BP) lowering is often conducted as part of general acute management in
patients with acute intracerebral hemorrhage. However, the relationship between BP after antihypertensive therapy and
clinical outcomes is not fully known.

Methods—Hyperacute (<3 hours from onset) intracerebral hemorrhage patients with initial systolic BP (SBP) >180 mmHg
were included. All patients received intravenous antihypertensive treatment, based on predefined protocol to lower and
maintain SBP between 120 and 160 mm Hg. BPs were measured every 15 minutes during the initial 2 hours and every
60 minutes in the next 22 hours (a total of 30 measurements). The mean achieved SBP was defined as the mean of 30
SBPs, and associations between the mean achieved SBP and neurological deterioration (=2 points’ decrease in Glasgow
Coma Score or 24 points’ increase in National Institutes of Health Stroke Scale score), hematoma expansion (>33%
increase), and unfavorable outcome (modified Rankin Scale score 4-6 at 3 months) were assessed with multivariate
logistic regression analyses.

Results—Of the 211 patients (81 women, median age 65 [interquartile range, 58-74] years, and median initial National
Institutes of Health Stroke Scale score 13 [8—17]) enrolled, 17 (8%) showed neurological deterioration, 36 (17%) showed
hematoma expansion, and 87 (41%) had an unfavorable outcome. On multivariate regression analyses, mean achieved
SBP was independently associated with neurological deterioration (odds ratio, 4.45; 95% confidence interval, 2.03-9.74
per 10 mmHg increment), hematoma expansion (1.86; 1.09-3.16), and unfavorable outcome (2.03; 1.24-3.33) after
adjusting for known predictive factors.

Conclusions—High achieved SBP after standardized antihypertensive therapy in hyperacute intracerebral hemorrhage was
independently associated with poor clinical outcomes. Aggressive antihypertensive treatment may ameliorate clinical
outcomes. (Stroke.2013;44:1846-1851.)

Key Words: acute intracerebral hemorrhage ® antihypertensive therapy @ outcome

lood pressure (BP) lowering therapy is widely performed in <75%,* and elevated BP is associated with hematoma
as part of general acute management in patients with acute expansion® and poor outcome.”® Recent trials have
intracerebral hemorrhage (ICH).'? An acute hypertensive demonstrated that rapid BP lowering with antihypertensives
response® is common in patients with acute ICH, occurring is feasible and tolerated,'®!! and it suppresses hematoma
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expansion.'” However, the benefit of antihypertensive therapy
in acute phase of stroke is still controversial, because the
patients with ICH in the recent Scandinavian Candesartan
Acute Stroke Trial (SCAST) did not benefit from candesartan,?
and concerns also exist about excessive depression of BP in
the acute phase of ICH, as it may result in renal dysfunction,'
cerebral ischemia,'*'* and death.'® Given these circumstances,
the optimal BP target in patients with acute ICH has not been
fully elucidated.!?

Moreover, although elevated BP in the acute phase is a
proven predictor of worse clinical outcomes in patients with
ICH,™" the effect of the response to acute BP lowering on
the clinical outcomes of patients with ICH has been relatively
unclear, because there have been few prospective studies, and
antihypertensive regimens (drugs, dosage, and route) and tar-
get BPs were not standardized in most such studies.

We hypothesized that a relatively high mean systolic BP
(SBP) after BP lowering therapy was associated with worse

~ clinical outcomes than a low mean SBP. The aims of the pres-
ent study were to clarify the relationship between mean on-
treatment SBP and outcomes, and to determine the optimal
SBP threshold to avoid worse clinical outcomes in patients
with acute ICH.

Methods
Subjects

The Stroke Acute Management with Urgent Risk-factor Assessment
and Improvement (SAMURAI)-ICH Study was a prospective, mul-
ticenter, observational study to determine the safety and feasibil-
ity of early (within 3 hours from symptom onset) SBP reduction
to <160 mmHg with intravenous nicardipine for acute hyperten-
sion in patients with spontaneous ICH. The details of the study have
been described elsewhere.'®" In brief, acute spontaneous supratento-
rial ICH patients with hypertension (initial SBP >180 mmHg), who
were treated within 3 hours from onset in 10 Japanese stroke centers
were enrolled. Other inclusion criteria were: age >20 years old; total
Glasgow Coma Scale score =5; computed tomography <2.5 hours
from onset demonstrating a supratentorial intraparenchymal hema-
toma with manual volume measurement <60 mL; and absence of ex-
tensive intraventricular hemorrhage. Patients with unreliable time of
symptom onset, ICH because of cerebral neoplasms, arteriovenous
malformations, aneurysms, trauma, bleeding diathesis, or coagulopa-
thy, candidates for immediate surgical intervention for ICH, current
pregnancy, parturition within the previous 30 days or active lactation,
prothrombin time international normalized ratio 21.7 because of war-
farin intake, and a platelet count <50000/mm’ were excluded. Each
local ethics committee approved this study. Written informed consent
was obtained from all patients or their next of kin.

The patients’ clinical background characteristics, including sex,
age, cardiovascular risk factors, and comorbidities were collected
from medical charts. Routine blood biochemistry examinations were
performed on admission. Neurological manifestations were assessed
using the National Institutes of Health Stroke Scale (NIHSS) score.
Functional outcome was estimated using the modified Rankin Scale.

Hematoma volume was evaluated with noncontrast computed to-
mography on admission and 24 (6) hours after the initiation of anti-
hypertensive treatment. The ABC/2 (lengthxwidthxheight/2) method
was used to determine hematoma volume at the bedside by the neu-
rologist or neurosurgeon on admission and at 24 hours.

BP Management and Monitoring

Bolus infusion of 1 mg nicardipine was allowed before the titrat-
ing infusion. Titration of intravenous nicardipine was started within
3 hours of symptom onset and continued for 24 hours, based on a
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standardized protocol'® to achieve and maintain the target SBP level
<160 mmHg and >120 mmHg. BP management after the first 24
hours was at the primary neurologist’s discretion. Oral antihyperten-
sive agents were started after the first 24 hours.

BP and pulse rate were taken using manual or automated sphygmo-
manometer under established guidelines. All staffs were familiarized
with the sphygmomanometer before the study by using it in general
practice. The arm was placed horizontal at the level of the heart as
denoted by the midsternal level in a recumbent position. BP and pulse
rate were measured every 15 minutes during the initial 2 hours and
every 60 minutes in the next 22 hours (30 measurements in the initial
24 hours after the initiation of antihypertensive therapy), as well as
at 48 and 72 hours. To test the hypothesis, the mean achieved SBP
(aSBP) was defined as the mean of a total of 30 SBPs in the initial 24
hours after the initiation of BP lowering therapy.

Clinical Outcomes

The clinical outcomes included: neurological deterioration corre-
sponding to a decrease of >2 points from the baseline Glasgow Coma
Scale score or an increase of 24 points from the baseline NTHSS
score at 72 hours after the initiation of treatment; hematoma expan-
sion >33% from baseline to 24 hours; and unfavorable outcome cor-
responding to patients with modified Rankin Scale scores of 4 to 6 at
3 months after ICH onset. Patients who underwent surgical interven-
tion for ICH were regarded as having an unfavorable outcome regard-
less of the modified Rankin Scale score.

Statistical Analysis

Clinical background characteristics including mean aSBP were
compared between patients with and without unfavorable outcomes.
Univariate analyses were performed using the ? test, Fisher exact
test, or the Kruskal-Wallis test, as appropriate. The data are pre-
sented as median values (interquartile range) or frequencies [%]).
Multivariate logistic regression analyses were performed to elucidate
the associations between mean aSBP and outcomes. Sex, age, and pri-
or antithrombotic medication, initial SBP, initial NTHSS score, onset
to initial computed tomography examination time, initial hematoma
volume, and serum glucose level at baseline, which are known predic-
tors of clinical outcomes based on previous studies, were forced into
model 1. In model 1, mean aSBP was entered as a continuous variable
or a categorical variable based on quartiles and arbitrarily defined
5 mmHg interval groups (<130 mmHg, 130~135 mmHg, 135-140
mmHg, 140-145 mmHg, and 2145 mmHg). Alternative model 2
included all variables in Table 1, and a backward stepwise selection
procedure was performed using P>0.1 of the likelihood ratio test for
exclusion. All statistical analyses were performed using PASW for
Windows version 17.0 software (SPSS Inc, Chicago, IL). Results
were considered significant at P<0.05.

Results
From July 2009 through June 2011, 211 patients (81
women, median age 65 [interquartile range, 58-74] years,
and median initial NIHSS score 13 [8-17]) were included
in the SAMURAI-ICH study.'® Table 1 shows the clinical
background characteristics of the included patients. The
initial computed tomographic scan was performed at a
median of 70 minutes from onset, and baseline hematoma
volume was 10.2 (5.6-19.2) mL. The initial SBP was 200
(189-213) mmHg. The time to reach the target range was
30 (15-45) minutes, and the proportion of time in the target
SBP range after having fallen to being within the range was
78.0%. For 7 patients, nicardipine was insufficient, and
additional intravenous antihypertensive drugs (diltiazem in 3,
nitroglycerin in 3, and isosorbide nitrate in 1) were started
110 (98-120) minutes from starting nicardipine. Seven
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Table 1. Baseline Clinical Characteristics

Total Favorable Outcome Unfavorable Outcome
Variables (N=211) (n=124) (n=87) PValue
Female, n (%) 81(38) 50 (40) 31(36) 0.566
Age, y, median (QR) 5 (58-74) 62 (55-69) 70 (63-79) <0.001
History of stroke, n (%) 26 (12) 16 (13) 10(12) 0.834
Prior antithrombotic medication, 4 (11) 13(11) 1(13) 0.664
n (%)
Liver cirrhosis, n (%) 10 (5) 7(6) 3@ 0.530
Vascular risk factors, n (%) ‘
Hypertension 176 (83) 104 (84) 72 (83) 0.853
Diabetes meliitus 29 (14) 17 (14) 12 (14) 1.000
Hyperlipidemia 87 (41) 54 (44) 33(38) 0.478
Current smoking 67 (32) 44 (36) 23 (26) 0.179
Alcohol intake 120 (57) 73 (59) 47 (54) 0.572
SBP on admission, mmHg, 200 (189-213) 198 (188-212) 200 (190-216) 0.160
median (QR)
HR on admission, bpm, median 80 (70-92) 80 (70-93) 78 (70-90) 0.474
(IQR)
Initial NIHSS score, median (IQR) 13(8-17) 10 (6-15) 15 (12-20) <0.001
Onset to CT, minutes, median 70 (59-94) 74 (58-97) 65 (60-89) 0.181
(IQR)
Initial hematoma volume, mL, 10.2 (5.6-19.2) 9.0 (4.0-17.9) 14.0 (8.0-25.1) 0.001
median (IQR)
Hematoma on left side, n (%) 101 (48) 61 (49) 40 (46) 0.676
Hematoma location, n (%) 0.125
Putamen 121 (57) 76 (61) 45 (52)
Thalamus 76 (36) 38 (31) 38 (44)
Lobar 14 (7) 10(8) 4(5)
Biochemistry sign at admission, median (IQR)
Albumin, g/dL. 4.1(3.9-4.4) .2 (4.0-4.5) 4.0(3.8-4.3) 0.001
Leukocyte count, /ul 6900 (5400-8300) 6800 (5300-8400) 6900 (5600-8300) 0.662
Blood glucose, mg/dL 121 (107-144) 121 (105-145) 124 (107-143) 0.595
Total cholesterol, mg/dL 194 (169-224) 202 (176-226) 186 (156-211) 0.002
Creatinine, mg/dL 0.70 (0.60-0.90) 0.70 (0.60-0.90) 0.70 (0.60-0.90) 0.530
Mean aSBP, mm Hg, median 137 (133-142) 137 (131-141) 139 (134-143) 0.012

(IOR)

3 mo from onset or who received hematoma evacuation surgery.

Favorable outcome: patients with modified Rankin scale 0-3 at 3 mo from onset. Unfavorable outcome: patients with modified Rankin scale 4-6 at

aSBP indicates achieved systolic blood pressure; CT, computed tomography; HR, heart rate; IQR, interquartile range; NIHSS, National Institutes of

Health Stroke Scale; and SBP indicates systolic blood pressure.

patients received hematoma evacuation surgery after starting
antihypertensive treatment and being regarded as having an
unfavorable outcome. As shown by the variables in Table 1,
patients with an unfavorable outcome were older (70 [63-79]
years versus 62 [55-69] years; P<0.001) and had a higher
initial NIHSS score (15 [12-20] versus 10 [6-15]; P<0.001)
and hematoma volume (14.0 [8.0-25.1] mL versus 9.0 [4.0—
17.9] mL; P=0.001) than those with a favorable outcome.
Levels of serum albumin (4.0 [3.8-4.3] g/dL versus 4.2 [4.0-
4.5] g/dL; P=0.001) and total cholesterol (186 [156-211]
mg/dL versus 202 [176-226] mg/dL; P=0.002) were lower
in patients with unfavorable than with favorable outcomes.
The mean aSBP was higher in patients with unfavorable

(139 [134-143] mmHg) than with favorable (137 [131-141]
mm Hg) outcomes (P=0.012).

Neurological deterioration was observed in 17 (8%),
hematoma expansion in 36 (17%), and unfavorable outcome in
87 (41%) patients. Results of multivariate logistic regression
analyses are presented in Table 2 and Figures 1 and 2. Every
10 mmHg increment of mean aSBP was associated with a
4.5-fold increase in neurological deterioration, a 1.8-fold
increase in hematoma expansion, and a 2.0-fold increase in
unfavorable outcome after multivariate adjustment (Table 2).
Figures 1 and 2 show the correlations between outcomes and
mean aSBP as quartiles (Figure 1) and arbitrarily defined 5
mmHg interval groups (Figure 2); these correlations were
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Table 2. ORs and 95% Cls for Every 10 mm Hg Increment in
Mean aSBP for Outcomes

Crude Model 1 Model 2
Neurological 3.93(1.96-7.90) 4.45(2.03-9.74) 4.43(1.98-9.90)
deterioration
Hematoma 1.80 (1.12-2.91) 1.86(1.09-3.16) 1.80 (1.08-2.98)
expansion
Unfavorable 1.57 (1.07-2.28) 2.03 (1.24-3.33) 2.00 (1.23-3.26)
outcome
Unfavorable 1.43(0.98-2.18) 1.78(1.05-3.01) 1.69 (1.00-2.89)
outcome*

Model 1: adjusted for sex, age, prior antithrombotic medication,
initial SBP, initial National Institutes of Health Stroke Scale score, onset
to initial computed tomography examination time, initial hematoma
volume, and serum glucose level at baseline. Model 2: adjusted for
variables in Table 1.

aSBP indicates achieved systolic blood pressure;
interval; and OR, odds ratio.

*After removing 7 patients who received surgery.

Cl, confidence

derived using multivariate logistic regression model 1. The
thresholds of the mean aSBP quartiles were 132.8, 1374,
and 142.1 mmHg. Patients with the lowest mean aSBP
quartile had a lower rate of neurological deterioration (odds
ratio, 0.06; 95% confidence interval, 0.007-0.54), hematoma
expansion (0.27; 0.07-0.98), and unfavorable outcome (0.18;
0.06-0.55) compared with those with the highest quartile
(Figure 1). Similarly, neurological deterioration (odds ratio
could not be estimated because neurological deterioration
did not occur in patients with mean aSBP <135 mmHg)
and unfavorable outcome (odds ratio, 0.13; 95% condidence
interval, 0.03-0.51) were less common, and hematoma
expansion (0.20; 0.04-1.15) was marginally less common
in patients with mean aSBP <135 mmHg than in those with
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mean aSBP 2145 mm Hg (Figure 2). The odds ratios of worse
clinical outcomes increased gradually as mean aSBP rose.
Leaving out the 7 patients with surgery did not change these
findings significantly (Table 2).

Discussion
This prospective study demonstrated that acute SBP after stan-
dardized intravenous antihypertensive therapy was indepen-
dently associated with neurological deterioration, hematoma
expansion, and unfavorable outcome in patients with acute
ICH. The rates of poor clinical outcomes increased gradually
as mean aSBP rose.

The relationships between elevated BP after antihyperten-
sive therapy and poor clinical outcomes were partly in line
with previous studies.®*® Ohwaki et al® reported that maxi-
mum SBP after nonstandardized antihypertensive treatment
was independently associated with hematoma enlargement.
We previously reported that mean SBP lowering to <138
mmHg during the initial 24 hours was associated with more
favorable early outcome than SBP of 138 mmHg or higher
after antihypertensive therapy mainly with intravenous nica-
rdipine or nitroglycerin.® Leira et al®® showed that high SBP
within 48 hours after nonstandardized antihypertensive
therapy with intravenous labetalol or captopril in acute ICH
patients with BP >185/105 mmHg was independently asso-
ciated with early neurological deterioration. However, few
data showed the association between response after standard-
ized BP lowering therapy and clinical/radiological outcomes,
such as neurological deterioration, hematoma expansion, and
unfavorable outcome. Indeed, a large prospective trial using
predefined, standardized antihypertensive strategy found
that, although a lower SBP target in acute ICH suppressed
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Figure 1. Proportions (A) and multivariate-adjusted odds ratios (ORs) with 95% confidence interval (Cl; B) according to the mean
achieved systolic blood pressure (@aSBP) quartiles. The thresholds of the mean aSBP quartiles were 132.8, 137.4, and 142.1 mmHg.
*Adjusted for sex, age, prior antithrombotic medication, initial SBP, initial National Institutes of Health Stroke Scale score, onset to initial
computed tomography examination time, initial hematoma volume, and serum giucose level at baseline.
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Figure 2. Proportions (A) and multivariate-adjusted odds ratios (ORs) with 95% confidence interval (Cl; B) according to the arbitrarily
defined, 5 mmHg interval mean achieved systolic blood pressure (aSBP) groups. *Adjusted for sex, age, prior antithrombotic medication,
initial SBP, initial National Institutes of Health Stroke Scale score, onset to initial computed tomography examination time, initial hema-
foma volume, and serum glucose level at baseline. TOdds ratio could not be estimated because neurological deterioration did not occur

in patients with a mean aSBP <135 mmHg.

hematoma expansion, the clinical outcome did not differ
between the lower and the standard target SBP groups.'

The SAMURAI-ICH was a prospective study that included
supratentorial ICH patients within 3 hours from onset treated
with a standardized antihypertensive regimen regarding the first-
choice drug, administration/titration method, and frequency of BP
measurement. These homogeneous factors may reduce possible
bias. Moreover, frequent BP measurement may contribute to
differentiating between patients with and without worse clinical
outcomes. Elevated BP in acute ICH promotes further active
bleeding, resulting in hematoma expansion.® Because hematoma
expansion is correlated with early neurological deterioration®
and poor outcome,” high mean aSBP was independently
associated with neurological deterioration and unfavorable
outcome through hematoma expansion in the present study.
Although perihematomal edema was not measured, increased
edema® is also a potential mechanism for the relatively high
proportion of neurological deterioration or unfavorable outcome
in patients with high mean aSBP.

The rates of poor clinical outcomes increased gradually as
mean aSBP rose with standardized BP lowering. Excessive
BP reduction in acute ICH patients is considered to be harmful
rather than beneficial.'*'® The optimal target SBP in patients
with acute ICH has been unclear,'* and the present study
showed that patients with the lowest quartile, corresponding
to mean aSBP <132.8 mmHg or mean aSBP <130 mmHg,
have the lowest proportions of worse clinical outcomes. On
the basis of these results, the optimal threshold for worse clini-
cal outcomes was =130 mm Hg, and therefore the optimal tar-
get SBP in acute ICH might be =130 mm Hg.

There are some limitations in the present study that need to
be addressed. First, because the SAMURAI-ICH study was an

observational study that did not compare groups with different
SBP targets, the optimal target SBP cannot be determined from
the results of the present study. It is difficult to differentiate
whether high aSBP is a cause or a consequence of worse clini-
cal/radiological outcomes, although neurological deterioration
or hematoma expansion was not reported to be followed by
subsequent BP elevation.!! Ongoing large randomized trials®-23
are expected to resolve these problems. Second, the present tar-
get SBP (<160 mmHg) follows the recent guidelines from the
American Heart Association/American Stroke Association!;
the target level was different from that in the ongoing trials.?2
Third, the use of nicardipine in patients with acute ICH may not
be always beneficial, because nicardipine has mild antiplatelet
properties,” although there is no direct evidence of hematoma
expansion because of the antiplatelet effect of nicardipine.

In conclusion, high SBP after initiation of standardized
antihypertensive treatment was independently associated with
neurological deterioration, hematoma expansion, and unfa-
vorable functional outcome in acute ICH. A mean aSBP =130
mmHg was associated with the lowest odds ratios for worse
clinical outcomes. Aggressive antihypertensive treatment for
such patients may ameliorate clinical outcomes.
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