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SYSTEMATIC REVIEW AND META-ANALYSIS

Blood Pressure Reduction in the Acute Phase of an
Ischemic Stroke Does Not Improve Short- or Long-Term
Dependency or Mortality

A Meta-Analysis of Current Literature

Rong Zhao, MD, Feng-Di Liu, MD, Shuo Wang, MD, Jia-Li Peng, MD, Xiao-Xiao Tao, MD,
Bo Zheng, MD, Qi-Ting Zhang, MD, Qian Yao, MD, Xiao-Lei Shen, MD, Wen-Ting Li, MD,
Ying Zhao, MD, Yi-Sheng Liu, MD, Jing-Jing Su, MD, PhD, Liang Shu, MD,

Min Zhang, MD, and Jian-Ren Liu, MD, PhD

Abstract: The purpose of this study was to perform a meta-analysis of
current literature to determine whether lowering blood pressure (BP)
during the acute phase of an ischemic stroke improves short- and long-
term outcomes.

PubMed, Cochrane, and Embase were searched until September 5,
2014 using combinations of the search terms: blood pressure
reduction, reduced blood pressure, lowering blood pressure, ischemic
stroke, acute stroke, and intra-cerebral hemorrhage. Inclusion criteria
were randomized controlled trial and patients with acute stroke
(ischemic or hemorrhagic) treated with an antihypertensive agent
or placebo. Outcome measures were change in systolic and diastolic
BP (SBP, DBP) after treatment, and short- and long-term dependency
and mortality rates.

A total of 459 studies were identified, and ultimately 22 studies
were included in the meta-analysis. The total number of participants
in the treatment groups was 5672 (range, 6—2308), and in the control
groups was 5416 (range, 6—2033). In most studies, more than 50% of
the participants were males and the mean age was more than 60 years.
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The mean follow-up time ranged from 5 days to 12 months. As expected,
treatment groups had a greater decrease in BP than control groups, and this
effect was seen with different classes of antihypertensive drugs. Short-
term and long-term dependency rates were similar between treatment and
control groups (short-term dependency: pooled odds ratio [OR] = 1.041,
95% confidence interval [CI]: 0.936—1.159, P = 0.457; long-term depen-
dency: pooled OR =1.013,95% CI: 0.915-1.120, P = 0.806). Short-term
or long-term mortality was similar between the treatment and control
groups (short-term mortality: pooled OR = 1.020, 95% CI: 0.749—-1.388,
P =.902; long-term mortality: pooled OR = 1.039,95% CI: 0.883—1.222,
P =0.644).

Antihypertensive agents effectively reduce BP during the acute phase
of an ischemic stroke, but provide no benefit with respect to short- and
long-term dependency and mortality.

(Medicine 94(23):¢896)

Abbreviations: ACEI = angiotensin converting enzyme inhibitor,
ARB = angiotensin-receptor blocker, BP = blood pressure, BRA =
beta receptor antagonist, CCB = calcium channel blocker, cI =
confidence interval, DBP = diastolic blood pressure, GTN =
glyceryl trinitrate, MRS = modified Rankin Scale, OR = odds
ration, PGI2 = prostacyclin, SBP = systolic blood pressure, SE =
standard error.

INTRODUCTION

levated blood pressure (BP) (systolic BP [SBP]
>140 mmHg) is seen in over 60% of patients during the
acute phase of a stroke (ischemic or hemorrhagic)."* The
elevated BP may be related to pre-existing hypertension, which is
seen in >50% of patients, stress, increased intracranial pressure,
or autonomic dysfunction as a result of the stroke itself.>*
Elevated BP during the acute phase of a stroke has been associ-
ated with poor short-term and long-term outcomes,"** and an
increased risk of early recurrence.® Thus, it would seem logical
that lowering BP with antihypertensive medications in patients
with an elevated BP during a stroke would improve outcomes.
However, lowering BP may reduce already compromised
cerebral blood flow, and may increase the size of the infarct
by reducing flow to the penumbra zone (viable but underperfused
tissue surrounding the infarct).>* Although the issue has been
examined for almost 30 years, it remains unclear whether elev-
ated BP during the acute phase of a stroke should be treated with

antihypertensive medications.
Studies examining lowering BP during the acute phase of a
stroke have provided conflicting results. Some randomized
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controlled trials (RCTs) have indicated that lowering BP was
safe, and associated with benefits such as improved long-term
mor‘cality.L9 Other studies, however, have shown no benefit of
lowering BP during the acute phase of a stroke.'® !> Further-
more, data from some studies have suggested a harmful effect of
BP lowering.'*'*~'® Two recent Cochrane Database Systematic
reviews examined interventions for altering BP in acute stroke
and vasoactive drugs for acute stroke and concluded there is
insufficient evidence that lowering BP during the acute phase of
a stroke produces any improvement in functional outcomes.'”"'®

Thus, the purpose of this study was to perform a meta-
analysis of current literature to determine that lowering BP
during the acute phase of an ischemic stroke improves short-
term and long-term outcomes.

MATERIALS AND METHODS
Ethic Statement

Meta-analyses do not involve human subjects and do not
require institutional review board review (J Grad Med Educ.
2011 March; 3(1): 5-6.).

Literature Search Strategy

This systematic review and meta-analysis was conducted
in accordance with PRISMA guidelines,'® and the methodology
set forth in the Cochrane Handbook for Systematic Reviews of
Interventions.”” PubMed, Cochrane, and Embase were searched
until September 5, 2014 using combinations of the search terms:
blood pressure reduction, reduced blood pressure, lowering
blood pressure, ischemic stroke, acute stroke, and intra-cerebral
hemorrhage. Two independent reviewers searched the databases
using the keywords to identify potentially relevant articles, and
article titles and abstracts were screened based on the inclusion
and exclusion criteria. The reference lists of potentially relevant
articles were also hand-searched. Where there was uncertainty
regarding eligibility, a third reviewer was consulted and a
decision arrived at by consensus. The full text of potentially
relevant articles was then reviewed by the 2 independent
reviewers, and when there was uncertainty regarding inclusion
or exclusion of a study, a third reviewer was consulted and a
decision arrived at by consensus.

Selection Criteria and Data Extraction

Criteria for inclusion in the meta-analysis were: RCT;
patients with acute ischemic stroke; treated with an antihyper-
tensive agent versus placebo; blood pressure was recorded.
Non-randomized trials, letters, comments, editorials, case
reports, and non-English publications were excluded. Studies
that only recruited patients with hemorrhagic stroke were
excluded. If a study recruited patients with both ischemic
and hemorrhagic stroke and did not provide subgroup data with
respect to patients with an ischemic stroke, data of patients with
both types of strokes were analyzed together.

Data extracted from studies that met the inclusion criteria
included the name of the first author, year of publication, trial
name (if any), type of patients, intervention, treatment protocol,
number of patients in the treatment and control groups, age of
patients, percent males, SBP and diastolic BP (DBP) before and
after treatment and time point when BP was monitored, short-
and long-term dependency and mortality rates, and long-term
stroke-related deaths. If clarifications were required with
respect to any information or data of the included studies,
the corresponding author was contacted.
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Quality Assessment

The methodological quality of each study was assessed
using the risk-of-bias assessment tool outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (version
5.1.0)*° by 2 reviewers. Briefly, 6 domains are evaluated:
random sequence generation, allocation concealment, blinding
of patients and personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting risk. Risks of
bias figures were generated using Cochrane Review Manager
software 5.3.

Outcome Measures and Data Analysis

The outcome measures were change in SBP and DBP
after treatment, and short- and long-term dependency and
mortality rates. For SBP and DBP, pre- and post-treatment
measurements were summarized as either mean =+ standard
deviation (SD), mean with 95% confidence interval (95% CI),
or mean difference of mean change between groups with 95%
CI. An effect size difference in means of change from pre- to
post-treatment between groups was presented with corre-
sponding standard error (SE) and 95% CI. The effect size
of difference in means of change from pre- to post-treatment
between groups <0 indicated there was a greater change in
SBP or DBP in the treatment group than in the control group,
whereas a value >0 indicated there was less of a change in the
treatment group. A value of O indicated the change was similar
between the 2 groups. For dependency and mortality rates,
data were summarized as n/N (%) for each group and each
study, and an odds ratio (OR) with corresponding 95% CI was
calculated. An OR >1 indicates the treatment group had a
higher rate than the control group, whereas an OR <1
indicates the treatment group had a lower rate than the control
group. An OR=1 implies the rate was similar between
treatment and control groups.

Heterogeneity among the studies was assessed by calculat-
ing the Cochran Q and the /* statistic. A Cochran Q with
P <0.1%" or an I statistic >50%>> was considered to indicate
heterogeneity between studies. When obvious heterogeneity
between studies was observed, a random-effects model of
analysis (DerSimonian-Laird method)*® was used, otherwise
a fixed-effects model was used (Mantel-Haenszel method).
Sensitivity analysis was carried out based on the leave-one-
out approach for SBP and DBP. Publication bias was assessed
by constructing funnel plots and by Egger test. The absence of
publication bias is indicated by the data points forming a
symmetric funnel-shaped distribution, and a 1-tailed signifi-
cance level P> 0.05 in Egger test. All statistical analyses were
performed using Comprehensive Meta-Analysis statistical soft-
ware, version 2.0 (Biostat; Englewood, NJ).

RESULTS

Literature Search

A flow diagram of study selection is shown in Figure 1. A
total of 459 studies were identified though the database search,
and 415 non-relevant studies were excluded. Subsequently, 44
full-text articles were reviewed, and 22 studies were excluded,
the reasons for which are shown in Figure 1. Thus, 22 stu-
dies” 1071424738 \were included in the meta-analysis. The full
texts of all the relevant articles were readily available, and all of
the articles contained the necessary data to conduct the meta-
analysis. We did not have to contact the corresponding author
of any articles.
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Records identified through
database search
(N = 459)

Non-relevant studiesexcluded
(n = 415)

Full-text articles assessed for

eligibility Studies excluded (n = 22)

*Duplicate (n = 3)

*Not a randomized controlled trial(n = 6)

*Only hemorrhagic stroke patients (n = 5)
Studies included in meta-analysis
(n=22)

* No outcome of interest (n = 2)

* No patients with acute stroke (n = 3)

*No placebo group (n = 2)
= No antihypertensive agents administered (n =
8}

FIGURE 1. Flow diagram of study selection.

Study Characteristics

The basic characteristics of the studies are shown in
Table 1, and outcomes are summarized in Tables 2 and 3.
The ages of the participants were generally very similar
between the treatment groups and control groups, within and
between the studies. The total number of participants in the
treatment groups was 5672 (range, 6—2308), and in the control
groups was 5416 (range, 6—2033). In most studies, >50% of the
participants were males and the mean age was >60 years. The
mean follow-up time ranged from 5 days to 12 months. In the
majority of studies, 80% to 100% of the patients had an
ischemic stroke, whereas in a few studies, there were >50%
of patients with an ischemic stroke.

Outcomes

Change of BP

A total of 16 studies’*'0~1424:26-29:32.333738 it complete
pre- and post-treatment BP data were included in the analysis
(Figure 2). The study by Potter et al” examined angiotensin-
converting enzyme inhibitors (ACEls) and beta receptor
antagonist (BRAs) separately, and thus the 2 classes of drugs
were analyzed separately. A random-effects model was used
since significant heterogeneity among studies was observed in
both SBP and DBP (SBP: Cochran Q=76.13, I*=78.98%,
P <0.001; DBP: Cochran Q = 154.39, I* = 90.28%, P < 0.001).
The pooled difference in means of BP levels was significantly
different between the treatment and control groups, and treat-
ment was associated with a greater decrease in SBP and DBP
(SBP: difference in means=—7.808, 95% CI: —10.572 to
—5.044, P<0.001, Figure 2A; DBP: difference in mean-
s=—4.262,95% CI: —6.359 to —2.166, P < 0.001, Figure 2B).

Change of BP by Treatment Type

Subgroup analysis of BP changes was performed based on
the types of antihypertensive administered. Of the studies, 3 used
angiotensin-receptor blockers (ARBs),'***?7 4 ACEIs,”-*%%-2 |
a BRA,” 3 calcium channel blockers (CCBs),'****7 1 prostacy-
clin (PGI2, epoprostanol),*® 1 a diuretic,?’ 2 glyceryl trinitrate
(GTN),"***! and 2 multiple drugs'®'" (Table 1).

Figure 2A shows that the pooled difference in means of
SBP levels was significantly different between the treatment
and control groups for ARBs, ACEls, CCBs, GTN, and multiple
drugs. Treatment was associated with a greater decrease in SBP
(ARB: difference in means = —4.37, 95% CI: —5.56 to —3.19,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

P <0.001; ACEI: difference in means=—18.70, 95% CI:
—24.55 to —12.86, P<0.001; CCB: difference in mean-
§=—-5.919,95% CI=—9.71 to —2.13, P=0.002; GTN: differ-
ence in means = —7.84, 95% CI: —15.48 to —0.19, P =0.045;
multiple drugs: difference in means =—7.70, 95% CI: —10.02
to —5.39, P <0.001).

Figure 2B shows the pooled difference in means of DBP
levels was significantly different between the treatment and
control groups for ACEI and multiple drugs. Treatment was
associated with a greater decrease in DBP (ACEI: difference in
means = —5.53, 95% CI: —9.57 to —1.49, P=0.007; multiple
drugs: difference in means = —5.44, 95% CI: —6.36 to —2.17,
P <0.001).

Short-Term and Long-Term Dependency

Five studies”'*~'*?7 with complete short-term deApendency
(2—3 weeks) data (Figure 3A), and 10 studies!*-11+13:14.24.25.30.31.33
with complete long-term dependency (>3 months) data
(Figure 3B) were included in the analysis. No significant hetero-
geneity among the studies was noted; hence, a fixed-effects model
of analysis was used (short-term dependency: Cochran Q = 3.241,
PP =0%, P=).518; long-term dependency: Cochran Q =3.241,
PP =0%, P=0.518). Similar short-term and long-term post-
treatment rates of dependency between the treatment and control
groups were noted (short-term dependency: pooled OR = 1.041,
95% CI: 0.936—-1.159, P = 0.457; long-term dependency: pooled
OR =1.013, 95% CI: 0.915-1.120, P =0.806) (Figure 3).

Short-Term and Long-Term Mortality

Ten studies’!0~ 1223727303638 with complete short-term
mortality data (Figure 4A), and 13 studjes”-$10~14.25:27:31.33.34.36
with complete long-term mortality data (Figure 4B) were
included in the analysis. Significant heterogeneity was noted
among the studies with short-term mortality data; thus, a
random-effects model of analysis was used. No obvious hetero-
geneity was noted among the studies with long-term mortality
data; thus, a fixed-effects model of analysis was used (short-
term: Cochran Q =11.62, > =22.57%, P=0.235; long-term:
Cochran Q=17.81, ?=27.01%, P=0.165) There was no
significant difference in short-term or long-term mortality
between the treatment and control groups (short-term mortality:
pooled OR = 1.020, 95% CI: 0.749—1.388, P =.902; long-term
mortality: pooled OR = 1.039, 95% CI: 0.883—1.222, P =.644)
(Figure 4).

Sensitivity Analysis and Publication Bias

Sensitivity analysis for change in SBP and DBP was
performed using the leave-one-out approach (Figure 5). No
obvious influences of individual studies on the pooled estimates
for change in SBP and DBP were noted, indicating that the
pooled estimates for the outcomes were robust.

Funnel plots and the results of Egger test for SBP and DBP
are shown in Figure 6. Egger test indicated there was no
publication bias with respect to SBP and DBP among the studies
(1-tailed P=0.461 and 0.471, respectively). In addition, no
publication bias with respect to long-term mortality was found
(data not shown).

Quality Assessment
Results of the quality assessment of the included studies
indicated there was generally low risk of bias (Figure 7).
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q Relative
m;‘;: R Agent  Outcome ‘f‘_‘:‘:" "’x"’ Variance 1'::;" "h"‘f_" Zvake  pvalue Difference s and 95% welght
Oh (2015) ARB  SBP 1600 1567 2457 4672 o2 0307 -} 10.15
Sandset (2011) ARB  SBP 4600 0933 0871 6429 4930 0000 - 1146
Bath (2009) ARB  SBP 5100 0915 0837 6893 5574 0000 - 113
Subtotal for ARB 4373 0603 0364 5555 3191 7252 0.000 s
Shaw (2013) ACEl  SBP 24000 10126 102536 -43847 4153 2370 0018 123
Potter (2009) ACEL  SBP 214000 4543 20640 -22904 -509 3082 0002 F— 506
Eveson (2007) ACEl  SBP 24000 5140 26415 34073 13927 4670  0.000 —— 371
Dyker (1997) ACEl  $BP 17200 7820 61292 32644 -18%6 2197 0028 R S— 193
Subtotal for ACET 18761 2983 8899 24548 -I2855 6269  0.000 =i
Potter (2009) BRA  SBP 7000 4038 16305 14914 094 1734 0083 506
Subtotal for BRA 7000 4038 16305 1914 0914 L7 0.083 [ | ﬁ | |
Almed ( 2000) CCB  SBP 3224 3241 1003 9376 3128 0995 0320 —_—t 641
Kaste ( 1994) CCB  SBP a2 2495 6227 12291 2509 2966  0.003 il 797
Fagan (1988) CCB  SBP 7500 9160  §3911 25484 10454 0819 0413 147
Subtotal for CCB 5919 1933 LTS 9707 2031 3068 0.00 -
Hau (1987) PGL2  SBP 3800 5008 25077 -13615 6015 0759 0448 384
Subtotal for PGL? 3800 5008 25077 3615 66IS 0759 0448 I I i I I
Eames (2005) Dsetics  SBP 2000 6673 44530 -15079 1107% 0300 0764 25
Subtotal for Diuretics 2000 6673 44530 -15.079  ILOT9 0300 0764 | i I |
Rashid (2003) GIN  SBP 8600 4493 20186 17406 0206 1914 0056 — 444
Bath (2000) GIN  SBP 5500 7867 61895 -20920 9920 0699 0484 — 1 191
Subtotal for GTN 7838 2901 U522 -IS48¢ 091 2009 0045 R
He (2014) Allkinds SBP 9600 0478 0228 10537 .5663 20090  0.000 = 121
Robinson(2010)  Allkinds SBP 212000 1650 2724 15235 8765 7271 0000 e 993
Subtoral for All kinds 9786 0459 G211  -10.685 8886 -20.320  0.000 ¢
Total (Random) 2704 1183 1399 10023 5386 6513 0.000 [
50 25 0 2% 50
Heterogeneity test Favors treatment group Favors control group
Total (n=17) : Q-vale=76.13, p-value<0,001, |-squared=78 95%
ACEI (n=4) Qvalie=2 44, povalue=0 485, |-squared=0%
ARB (n=3) : Qvaluie=3.82, p-vabue=0.148, I-squared=47 65%
CCB (n=3) Q-value=1.07, pvahie=0 S85, I-squared=0%
GIN (n=2) : Qvalie=0.12, p-vahie=0.732, I-squared=0%
Al kinds (n=2) Q-value=1 95, p-vahie=0 162, |-squared=4 74%
A
. . Relative
mf;'.; Agest  Outoses ?_f:_"" s':"m‘“‘ [ — L:;' ":' Bnide  peiien p— c1 -::n
Oh (2015) ARE  DBP 0600 0985 0969 2530 1330 0609 0542 9.07
Sandset ( 2011) ARB  DBP 43000 0788 0622 14545 11455 16488 0000 - 033
Bath (2009) ARB  DBP 3200 0573 0328 -4323  -2077 5587 0000 & 9.56
Subtotal for ARB 5609 3584 12849 -12634 1417 -1565 0.8
Potter (2009) ACEl  DBP 7000 3029 9074 12936 1064 2311 0021 55
Eveson (2007) ACEI  DBP 5000 3680 13541 12212 2212 1380 04T —— 484
Dyker ( 1997) ACEl  DBP 22700 4939 24398 12381 6981 0547 0585 = e 318
Subtotal for ACEL 2060 4247 9565 -L486 2681  0.007 e =
Potter (2009) BRA  DBP 3180 10412 8933 6533 0004 0923 526
Subtotal for BRA 0300 2480 10412 5933 6533 0.094 0925 | | : | I
Ahmed ( 2000) CCB  DBP 1009 1872 3503 4677 2689 0539 0590 7.85
Kaste ( 1994) CCB  DBP 2000 1374 1887 4692 0692 1456 0145 a— 846
Subtotal for CCB SL653 1107 L2326 -8 0517 0493 0435
Hsu (1987) PGl DBP 3300 3091 9553 9358 2758 1068 0286 | | ﬁ | | 54
Subtotal for PGI2 3300 2091 9553  9.358 2758  -1088  0.286
Bames (2005) Diwetics  DBP 2000 4458 19869 10737 6737 0449 0654 | I i I | 363
Subtotal for Diuretics 2006 4458 19.869 10737 6737 0449 0.654
Rashid (2003) GIN  DBP 4700 2696 7271 9985 0585 1743 0081 608
Bath (2000) GIN  DBP 5000 5824 33919 16415 6415 0859 0391 | | % | | 251
Subtotal for GIN 4753 247 5987 9549 0043 1942 0.052 =
He (2014) Allkinds DBP 4200 0310 009 4808 3592 13546  0.000 275
Robinson ( 2010) Allkinds DBP 7000 0997 0994 954 -S04 7022 0000 I —a— | | 9,05
Subtota for All kinds 5440 1391 1934 8066 2704 391 0.000
Total (Random) 4260 1070 LS 6359 2166 4984 0.000 | | ] | |
50 25 0 25 50
Heterogeneity test: Favors treatment group Favors control group
Total (n=16) Q-value=154 39, p-value<0.001, I-squared=90 28%
ACEI (n=4) Q-vahie=0.59, p-value=0 §99, |-squared=0%
ARB (n=3) Q-value=131 38, p-vahie<0.001, I-squared=98 45%
CCB (n=2) Q-vakue=0.18, p-vahie=0 669, I.squared=0%
GTN (u=2) 1 Q-value=0.002, p-valie=0.963, |-squared=0%
All kinds (n=2) Q-vabie=7 194, p-vale=0.007, |-squared=36 10%
B

FIGURE 2. Forest plots of blood pressure levels between patients that received treatment and controls. (A) Systolic blood pressure. (B)
Diastolic blood pressure. 1st AU =first author, Std =standardized, diff = difference, Cl= confidence interval.
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f::‘;”;:::ﬂ Agent Time :‘:: l“?:k' "h':." Zvalue p-Value 0dds ratio and 95% CI R":‘;‘"
He (2014) All kinds Short 0994 0872 1.134 -0.088 0.930 66.37
Rebinson (2010) All kinds Short 1144 0.851 1.539 0.890 0373 13.02
Bath (2009) ARB Short 1.015 0.757 1.360 0.100 0.920 13.36
Potter (2009) ACEL BRA Short 1303 0.693 2450 0.823 0411 287
Ahmed (2000) CCB Short 1486 0.891 2478 1519 0.129 438
Total (Fixed) 1041 0.936 1.159 0.744 0457
Heterogeneity test Q-value=3 241, p-vale=0 518, [-squared=0% 0.01 0.1 10 10 100

A Favors control group Favors treatment group
InAVGay e Tme D imn e Dve pae Quls rao g 95% <1 py
Oh (201%) ARB Long 1.081 0.666 1.754 0314 0.734 433
Ankolekar (2014) GTN Long 0.938 0.255 3442 -0.097 0923 0.60
He (2014) All kinds Long 0.954 0.821 1108  -0620 0535 4552
Sandset (2011) ARB Long 1.065 0872 1301 0614 0.539 2549
Reobinson (2010) All kinds Long 0.993 0.727 1357 -0.043 0.965 - 10.46
Eveson (2007) ACEI Long 1114 0.308 4.028 0.164 0.870 y——— 0.62
Rashid (2003) GTN Long 1144 0474 2.760 0.300 0.764 S — 1.32
Hom (2001) CCB Long 1242 0.828 1.862 1.048 0295 . 6.23
Bath (2000) GIN Long 1714 0.443 6.629 0.781 0435 B B — 0.56
Kaste (1994) CCB Long 0.940 0.594 1487  -0264  0.792 — 483
Total (Fixed) 1013 0913 1120 0.243 0.806 )

B Heterogeneity test Q-vale=3 241, p-vahe=0.518, [-squared=0% Favors control group Favors treatment group

FIGURE 3. Forest plots of the rates of short-term (A) and long-term (B) dependency compared between patients that received treatment
and controls. 1st AU =first author, Cl= confidence interval.

f:i—‘;g::r) Agent Tie ‘:':: "‘.'h:;' Un‘:;' Zvalie pVahe Odds ratio and 95% CI 1?:;;'
Ankeolekar (2014) GIN Short 1304 0108 15685 0209 0.834 L 1.54
He (2014) All kinds Short 0998 0571 1742 -0.009 0.993 -i— 30.64
Shaw (2013) ACEI Short 1400 0070 28120 0220 0826 1.06
Robinson (2010) All kinds Short 0574 0167 1979  -0.878 0.380 — e 6.23
Bath (2009) ARB Short 0367 0015  9.020 -0.614 0.539 0.93
Potter (2009) ACEVARB  Short 0495 0152 1610  -1.168 0.243 —_— 6.86
Horn (2001) CCB Short 0693 0341 1409  -1.012 0312 —. - 18.95
Ahmed (2000) CCB Short 1406 0766  2.583 1.100 0272 - 25.79
Barer (1988) BRA Short 4777 1409 16187 2511 0.012 —_—— 6.40
Hsu (1987) PGI2 Short 0417 0036 4790  -0.703 0.482 1.60
Total (Fixed) 1020 0749 1388 0124 0.902
Heterogeneity test Q-value=11.623, p-value=0.235, [-squared=22.57% 0.01 01 10 10 100

A Favors control group Favors treatment group
f:?n';"::r) Agent Time (::: ]‘l'i':;' Uli‘:;' Zvalue  p-Value Odds ratio and 95% CI l?z;‘
Askolekar (2014) GIN Long 0317 0073 1384  -1527 0.127 - 045
He (2014) All kinds Long 1265 0880 1818 1270 0.204 -1 122
Sandset (2011) ARB Long 1.089 0789 1501 0518 0.604 20.07
Robinson (2010) All kinds Long 1129 0669 1906  0.454 0.650 25.54
Bath (2009) ARB Long 0918 0279 3021 -0141 0888 962
Potter (2009) ACEVARB  Long 0422 0174 1027  -1902 0.057 = 186
Rashid (2003) GIN Long 0474 0090 2503  -0.880 0379 335
Schrader (2003) ARB Long 0382 0132 1109  -1770 0.077 | 095
Ahmed (2000) CCB Long 1505 0909 2491 1.588 0.112 232
Bath (2000) GIN Long 2857 0236 34659 0824 0410 10.38
Kaste (1994) CCB Long 1363 0749 2480  1.014 0311 dm— 042
Norris (1994) CCB Long 0751 0399 1414  -0.887 0375 —n 736
Barer (1988) BRA Long 0.798 0476 1339 0854 0393 6.59
Total (Fixed) 1.039 0883 1222 0462 0.644 _.; 9.86
Heterogeneity test Q-valie=17 81, p-vahie=0.165, I-squared=27 01% 0.01 0.1 10 10 100

B Favors control group Favors treatment group

FIGURE 4. Forest plots of the rates of short-term (A) and long-term (B) mortality compared between patients that received treatment and
controls. 1st AU =first author; Cl=confidence interval.
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FIGURE 5. Sensitivity analysis for systolic blood pressure (A), and diastolic blood pressure (B) using the leave-one-out approach.

B
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However, only 5 studies described the process of allocation
concealment and only 5 included an intention-to-treat analysis.

DISCUSSION

The results of this meta-analysis showed, as expected, that
antihypertensive agents effectively reduce BP during the acute
phase of an ischemic stroke, though only ACEIs and multiple
drugs effectively reduced DBP. Importantly, the analysis
showed that administration of antihypertensive provided no
benefit with respect to short- and long-term dependency
and mortality.

In over 60% of patients, BP increases during the acute
phase of a stroke and then subsequently decreases over about a
7-to 14-day period in approximately two-thirds of patients, with
about one-third remaining hypertensive.' > Guidelines have
recommend that acute lowering of BP should be delayed unless
BP is >220/120mmHg, >200/100mmHg with end organ
involvement, or >200/120 mmHg with primary intracerebral
hemorrhage.'” Studies have also shown that both very low and
very high BPs are associated with early and late death and

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

dependency.>’**3° Treatment of moderately elevated BP
during the acute phase of a stroke, however, remains contro-
versial with some studies indicating that lowering BP is safe and
associated with Dbenefits such as improved long-term
mortality,” ™ other showing no benefit of lowering BP,''~'
and still others suggesting that lowering BP is harmful.'>'*~'¢

The randomized, double-blind, placebo-controlled Very
Early Nimodipine Use in Stroke (VENUS) trial showed no
beneficial effect of nimodipine administered during the acute
phase of a stroke,>® which confirmed the results of a prior trial
published in 1994.%* Another early study of nimodipine also
showed that nimodipine did not improve functional outcomes of
ischemic strokes, and was associated with a higher early
mortality rate than placebo.*® A more recent study of nimodi-
pine for the treatment of acute stroke showed that reduction of
DBP, but not of SBP, was associated with worse neurological
outcomes. '?

The Controlling Hypertension and Hypotension Immedi-
ately Post-Stroke trial compared labetalol, lisinopril, and
placebo in 179 patients with acute ischemic or hemorrhagic
strokes and found that treatment reduced 3-month mortality by
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50% without an increase in serious adverse events.” The Con-
tinue Or Stop post-Stroke Antihypertensives Collaborative
Study trial studied patients with acute stroke who were takin%
antihypertensive medications at the time of the stroke.'
Patients were randomized to either stop or continue the anti-
hypertensive medications, and the results showed that continu-
ation of antihypertensive drugs did not reduce 2-week death or
dependency, the cardiovascular event rate, or mortality at 6
months, and that lower BP levels in patients who continued
antihypertensive medications were not associated with an
increase in adverse events. The authors, however, pointed
out that the trial was underpowered due to early termination.
The recently published China Antihypertensive Trial in Acute
Ischemic Stroke trial randomized 4071 patients with acute
ischemic stroke at 26 hospitals in China to receive antihyper-
tensive treatment or discontinue all antihypertensive medi-
cations found that BP reduction with antihypertensive
medications did not reduce the likelihood of death and major
disability at 14 days or at hospital discharge.'”

The Scandinavian Candesartan Acute Stroke Trial
(SCAST) randomized 2029 patients with acute stroke to receive
candesartan or placebo and found no evidence that treatment
had a beneficial effect, and may have increased the risk of poor
outcome.'* Further analysis of the SCAST data showed that
patients with a large decrease or increase/no change in SBP had
a significantly increased risk of early adverse events relative to
patients with a small decrease (OR =2.08, 95% CI: 1.19-3.65
and OR = 1.96, 95% CI: 1.13-3.38, respectively), those with an
increase/no change in SBP had a significantly increased risk of
poor neurological outcomes as compared with the other groups
(P=0.001), and there were no differences in functional out-
comes at 6 months.'®

Other meta-analyses have examined the effect of lowering
BP during the acute phase of a stroke. The most recent analysis
published in 2014 by Wang et al'® included data of 13236
patients from 17 trials and found that early BP lowering was
associated with a higher 30-day mortality as compared with
placebo (relative risk: 1.34, 95% CI: 1.02—1.74, P=0.03), but
had no effect on early neurological deterioration, death within 7
days, long-term mortality, early and long-term dependency,
early and long-term combination of death or dependency,
and long-term stroke recurrence. A 2009 meta-analysis by
Geeganage and Bath*® included 9008 patients from 37 trials,
and found large falls or increases in BP were associated with
worse outcomes, and that modest reductions in BP may reduce
death and combine death or dependency. However, the authors
pointed out that because the CIs were wide, an overall benefit or
hazard could not be determined. A 2004 systematic review
found that high BP in patients with acute ischemic or hemor-
rhagic stroke was associated with subsequent death, death or
dependency, and death or deterioration and that moderate
lowering of BP might improve outcomes.*

In the subgroup analysis of different classes of antihyper-
tensive agents, only ACEIs and multiple drugs effectively
reduced DBP. However, only 1 study examining BRA, pros-
taglandins, and diuretics, respectively, was available, only 2
articles were included in the analysis of CCBs and GTN, and the
results of Oh et al** were different from the other 2 studies in the
ARB group. Wang et al*! have reported a differential lowering
of SBP and DBP with antihypertensive agents and that the
absolute benefit increased with age and with lower ratio of DBP
to SBP lowering. In addition, in patients with a larger-than-
median reduction in SBP, active treatment consistently reduced
the risk of all outcomes irrespective of the decrease in DBP or

14 | www.md-journal.com

the achieved DBP. Overall, these results suggest that more
studies are needed to clarify the effects of different types of
antihypertensives on DBP after a stroke.

There are limitations of this study that should be con-
sidered. The types of patients, antihypertensive agents used,
treatment protocol, and efficacy and safety criteria differed
between the included studies. Although the vast majority of
patients had ischemic strokes, a small proportion had hemor-
rhagic strokes. It was not possible to only include patients with
ischemic strokes without markedly limiting the number of
included studies. Subgroup analysis for dependency and
mortality was not performed because the number of studies
in each drug subgroup was small with regard to short-term
results, and the P values of each study were not significant.
Therefore, we decided not to do this analysis for both long-term
and short-term results for consistency. The time from symptoms
to presentation varied between the studies, we did not examine
adverse events of antihypertensive treatment, and patient-
related factors were not considered.’ The analysis primarily
included patients with ischemic strokes, and thus may not be
applicable to patients with hemorrhagic stroke. The time range
of the included studies was quite large, with the earliest study
from 1987 and the most recent from 2015.

CONCLUSIONS
The results of this study indicate that although antihyper-
tensive agents effectively reduced BP during the acute phase of
an ischemic stroke, they do not result in a decrease in short- or
long-term dependency or mortality. Further investigation to
determine whether BP reduction may be of value in certain
subgroups of patients may be warranted.
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