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Dear Sir:

In patients who experience acute stroke, excessive blood pres-
sure (BP) lowering may result in early neurological deterioration 
(END)1 and unfavorable clinical outcomes.2 Thus, pharmacologi-
cally induced hypertension (PIH) may be effective for patients 
with signs of END. Although a few studies have reported poten-
tial benefits,3-7 the feasibility and safety of PIH remain unclear. 
We aimed to identify the characteristics of patients who require 
PIH therapy and to examine the feasibility, safety, and potential 
efficacy of PIH.

At the Asan Medical Center, we have been performing PIH 
therapy since 2011 for patients who exhibit END or are at in-
creased risk for END, such as those with fluctuating neurological 
symptoms, based on the results from previous studies.4,5,7 Al-
though END was defined as an increase in National Institutes of 
Health Stroke Scale (NIHSS) score ≥2, patients with a 1-point 
increase were occasionally included according to the attending 
neurologist’s judgment. PIH was not performed in patients with 
systolic BP >180 mm Hg or diastolic BP >110 mm Hg, ventricu-
lar tachycardia, or symptomatic heart or renal failure. However, 
because PIH is not an established treatment, some patients with 
END were treated by augmenting fluid therapy without PIH ac-
cording to the discretion of attending physicians. For PIH, BP el-
evation of 15% to 25% over baseline was targeted, with a max-
imum systolic BP of 220 mm Hg.3,5 Phenylephrine (50 mg) mixed 
with 250 mL of normal saline was intravenously administered at 
a rate of 0.3 μg/kg/min and titrated every 30 to 60 minutes. PIH 
was usually maintained for 5 days and tapered thereafter. If 
END recurred, PIH was re-administered for several days. 

Two groups were selected as controls: the first was matched 
with age and sex (CT1) and, the second, with an additional 
stroke subtype (CT2). Considering the expected unfavorable out-

come in patients with END,8 a favorable functional outcome was 
defined as a modified Rankin Scale (mRS) score of ≤3 at 3 
months post-stroke. “Early responsiveness” was defined when 
patients exhibited neurological improvement (NIHSS score ≥2 
improvement or physician’s documentation for neurological im-
provement) within 1 day after PIH initiation. BP was recorded at 
four time points: the first-measured hospital BP (initial BP [iBP]); 
BP checked immediately before starting PIH (baseline BP [BP0]); 
BP checked at 7:00 AM 1 day after starting PIH (BP1); and BP 
checked at 7:00 AM 1 day after completing PIH (end BP [eBP]). 
This study was approved by the Institutional Review Board of 
Asan Medical Center, and the requirements for informed written 
consent was waived. 

Between 2011 and 2016, 121 patients were treated with PIH 
(mean±standard deviation age, 65.9±12.7 years; women, 40%). 
Compared with CT1 patients, PIH patients more often had small 
vessel disease (SVD, 42.3% vs. 19.8%) and large artery disease 
(LAD, 41.3% vs. 31.4%), and less often experienced cardioem-
bolic stroke (4.15% vs. 34.7%) (P<0.001, chi-square test). As 
stroke subtype may be associated with patient outcome, subse-
quent analyses was performed with CT2 patients. PIH patients 
had significantly higher systolic iBP, higher initial NIHSS score, 
and more often had END compared with CT2 patients (Table 1).

In the PIH group, the mean arterial pressure of BP0 (96.9±13.4 
mm Hg) decreased from that of iBP (108.5±17.9 mm Hg). After 
PIH treatment, mean systolic BP1 (166.4±19.3 mm Hg) was ele-
vated by 24.8%±19.3% from BP0 (135.3±18.6 mm Hg), and di-
astolic BP1 (83.6±13.7 mm Hg) was elevated by 9.3%±9.2% 
from BP0 (77.7±12.9 mm Hg). The mean PIH duration was 
5.8±2.7 days. The mean time to achievement of target BP was 
7.6±4.6 hours.

Nine patients developed hemorrhagic transformation—three 
in the PIH group and six in the CT2 group—and there were no 
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symptomatic intracerebral hemorrhages. In the CT2 group, two 
patients died from cerebral herniation. Among PIH patients, 
five experienced sinus bradycardia and one a sinus pause, 
which eventually improved. One patient developed vasogenic 
edema, one experienced renal failure, and one pulmonary hy-
pertension. Among the CT2 patients, one developed sinus 
pause, one renal failure, and one pulmonary hypertension. 

The aggravation of neurological deficit (highest NIHSS 
score−initial NIHSS score) was greater in PIH patients than in 
CT2 patients (3.7 vs. 1.0, P<0.001). PIH patients less often ex-
perienced favorable outcomes than CT2 patients at discharge 
but exhibited greater resolution of neurological deficit (delta 
NIHSS [highest NIHSS score–discharge NIHSS score]) at dis-
charge. Of 110 patients in whom mRS was assessed at 3 
months, the difference in the proportion of favorable mRS 
score was marginal (P=0.059) (Table 1). Fifty-four PIH patients 
(44.6%) exhibited “early-response,” in whom NIHSS score was 
significantly lower after 4 days than in those without early re-
sponse (Figure 1). Their functional status was significantly bet-
ter at discharge and at 3 months (Table 2), although the differ-
ence was not apparent when mRS ≤2 was used as a “favorable” 
outcome (P=0.276 and P=0.156, respectively). 

PIH was more often performed in patients with SVD and LAD 
than in those with cardioembolism, which is in agreement with 
the observation that the pathogenesis of END in patients with 
LAD or SVD is associated with impaired perfusion.9,10 Although 
END may also result from other mechanisms, such as edema 
development or hemorrhagic transformation,8 PIH did not in-
crease the incidence of adverse effects in our patients. Thus, 

PIH is feasible and safe, if performed carefully.
As this was not a randomized controlled study, we were un-

able to evaluate the efficacy of PIH therapy. Initial neurological 
deficits were more severe in those with PIH than in CT2 pa-
tients, and most patients in the PIH group experienced END. 
However, resolution of neurological deficits (delta NIHSS) was 
more marked in the PIH group, and mRS scores at 3 months 
post-stroke did not differ between the two groups, suggesting 
the potential benefit of PIH therapy. Among patients receiving 
PIH, the final functional outcome was significantly better in 
early responders than in the others (Table 2 and Figure 1), sug-
gesting that early response may predict a better final function-

Figure 1. Daily changes in National Institutes of Health Stroke Scale (NI-
HSS) score (mean) from the day of initiation of pharmacologically induced 
hypertension (PIH) therapy according to early responsiveness. *P<0.05.
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Table 1. Comparison between the PIH and CT2 groups

Variable PIH (n=121) CT2 (n=121) P

Intravenous tPA* 5 (4.1) 7 (5.8) 0.769

Intra-arterial endovascular therapy 11 (9.1) 18 (14.9) 0.166

Initial glucose level (mg/dL)† 129 (109–167) 130 (106–184.5) 0.862

Initial systolic BP (mm Hg) 152.3±25.4 144.6±21.5 0.011

Initial diastolic BP (mm Hg) 86.6±16.4 80.9±12.0 0.086

Early neurological deterioration 104 (86) 23 (19) 0.000

Initial NIHSS score† 5 (3–7) 3 (1–6) 0.000

Highest NIHSS score during admission† 8 (6–11.5) 3 (2–6) 0.000

Discharge NIHSS score† 5 (2–7.5) 2 (0.5–4.5) 0.000

Delta NIHSS score† 4 (2–5.5) 1 (0–3) 0.000

Favorable mRS at discharge 60 (49.6) 96 (79.3) 0.000

Favorable mRS at 3 months 84 (73.7) 99 (84.6) 0.059

Values are presented as number (%), median (interquartile range), or mean±standard deviation.
PIH, pharmacologically induced hypertension; CT2, patients with an additional stroke subtype; tPA, tissue plasminogen activator; BP, blood pressure; NIHSS, 
National Institutes of Health Stroke Scale; mRS, modified Rankin Scale. 
Discrete data suing the chi-square test or *Fisher’s exact test; Continuous data were analyzed using Student’s t-test or †Mann-Whitney U test.
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al outcome. Although this was an uncontrolled, observational 
study involving a relatively small number of patients, our data 
suggest that PIH therapy in patients with END is feasible, safe, 
and potentially effective, warranting further controlled trials to 
confirm its efficacy. 
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Table 2. Neurological outcomes according to early responsiveness to pharmacologically induced hypertension

Variable Early response (n=54) No early response (n=67) P

Initial NIHSS score 5 (2–7) 5 (3–8) 0.295

Highest NIHSS score 7 (6–11) 9 (7–12) 0.122

NIHSS score at discharge 4 (2–6) 6 (3–8) 0.013

Delta NIHSS score 4 (2–6) 3 (1–5) 0.287

Favorable mRS at discharge 34 (63.0) 26 (38.8) 0.014

Favorable mRS at 3 months 43 (86.0) 41 (64.1) 0.015

Values are presented as median (interquartile range) or number (%). Continuous data were analyzed using the Mann-Whitney U test and discrete data using 
the chi-square test.
NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.
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