
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 390;20  nejm.org  May 30, 20241862

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Dr. Song can be contacted at 
lsong@​georgeinstitute​.org​.cn or at the 
George Institute for Global Health China, 
Rm. 052A, Unit 1, Tayuan Diplomatic Office 
Bldg., No. 14 Liangmahe Nan Lu, Chaoyang 
District, Beijing 100600, China. Dr. G. Li 
can be contacted at ligang@​tongji​.edu​.cn 
or at Shanghai East Hospital, School of 
Medicine, Tongji University, 1800 Yuntai 
Rd., Shanghai 200120, China. Dr. J. Yang 
can be contacted at yangjie1126@​163​.com 
or at Sichuan Provincial People’s Hospi-
tal, University of Electronic Science and 
Technology of China, 32# W. Sect. 2, 1st 
Ring Rd., Chengdu 610072, China.

*A complete list of trial sites, investiga-
tors, and coordinators in the INTER-
ACT4 trial is provided in the Supplemen-
tary Appendix, available at NEJM.org.

Drs. G. Li, Lin, J. Yang, and Anderson con-
tributed equally to this article.

This article was published on May 16, 2024, 
and updated on May 23, 2024, at NEJM.org.

This is the New England Journal of Medi-
cine version of record, which includes all 
Journal editing and enhancements. The 
Author Accepted Manuscript, which is the 
author’s version after external peer review 
and before publication in the Journal, is 
available at PubMed Central.

N Engl J Med 2024;390:1862-72.
DOI: 10.1056/NEJMoa2314741
Copyright © 2024 Massachusetts Medical Society.

BACKGROUND
Treatment of acute stroke, before a distinction can be made between ischemic and 
hemorrhagic types, is challenging. Whether very early blood-pressure control in the 
ambulance improves outcomes among patients with undifferentiated acute stroke is 
uncertain.

METHODS
We randomly assigned patients with suspected acute stroke that caused a motor defi-
cit and with elevated systolic blood pressure (≥150 mm Hg), who were assessed in the 
ambulance within 2 hours after the onset of symptoms, to receive immediate treat-
ment to lower the systolic blood pressure (target range, 130 to 140 mm Hg) (interven-
tion group) or usual blood-pressure management (usual-care group). The primary ef-
ficacy outcome was functional status as assessed by the score on the modified Rankin 
scale (range, 0 [no symptoms] to 6 [death]) at 90 days after randomization. The pri-
mary safety outcome was any serious adverse event.

RESULTS
A total of 2404 patients (mean age, 70 years) in China underwent randomization and 
provided consent for the trial: 1205 in the intervention group and 1199 in the usual-care 
group. The median time between symptom onset and randomization was 61 minutes 
(interquartile range, 41 to 93), and the mean blood pressure at randomization was 
178/98 mm Hg. Stroke was subsequently confirmed by imaging in 2240 patients, of 
whom 1041 (46.5%) had a hemorrhagic stroke. At the time of patients’ arrival at the 
hospital, the mean systolic blood pressure in the intervention group was 159 mm Hg, 
as compared with 170 mm Hg in the usual-care group. Overall, there was no difference 
in functional outcome between the two groups (common odds ratio, 1.00; 95% con-
fidence interval [CI], 0.87 to 1.15), and the incidence of serious adverse events was 
similar in the two groups. Prehospital reduction of blood pressure was associated with 
a decrease in the odds of a poor functional outcome among patients with hemor-
rhagic stroke (common odds ratio, 0.75; 95% CI, 0.60 to 0.92) but an increase among 
patients with cerebral ischemia (common odds ratio, 1.30; 95% CI, 1.06 to 1.60).

CONCLUSIONS
In this trial, prehospital blood-pressure reduction did not improve functional outcomes 
in a cohort of patients with undifferentiated acute stroke, of whom 46.5% subse-
quently received a diagnosis of hemorrhagic stroke. (Funded by the National Health 
and Medical Research Council of Australia and others; INTERACT4 ClinicalTrials.gov 
number, NCT03790800; Chinese Trial Registry number, ChiCTR1900020534.)
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The optimal approach to blood-pres-
sure control in patients with acute stroke 
is uncertain.1,2 Bundled-care protocols in-

corporating intensive treatment to lower blood 
pressure have been shown to benefit patients 
with acute intracerebral hemorrhage,3,4 but trials 
evaluating blood-pressure reduction alone have 
produced inconsistent results.5,6 Differences in 
trial design, intervention, and population may 
explain these findings.7-9 Because the important 
treatment goal of limiting hematoma expansion 
is time-dependent,10 the effects of blood-pres-
sure reduction might be enhanced if treatment 
to lower blood pressure is initiated as early as 
possible.11-14 However, in patients with acute 
ischemic stroke, the role of early intensive blood-
pressure reduction is an even more complicated 
issue.15

The safety and efficacy of prehospital blood-
pressure reduction within several hours after 
acute stroke were investigated in two phase 3 
multicenter trials that had similar designs and 
produced similar results. The Second Rapid In-
tervention with Glyceryl Trinitrate in Hyperten-
sive Stroke Trial (RIGHT-2) showed no effect of 
a transdermal glyceryl trinitrate patch as com-
pared with a sham patch in the intention-to-treat 
population, but in the subgroup of 142 patients 
with intracerebral hemorrhage, those who re-
ceived the glyceryl trinitrate patch had worse 
outcomes than those who received the sham 
patch.16,17 A trend toward higher mortality from 
intracerebral hemorrhage with the use of trans-
dermal glyceryl trinitrate was noted in the Mul-
ticenter Randomized Trial of Acute Stroke Treat-
ment in the Ambulance with a Nitroglycerin Patch 
(MR ASAP), which prompted the early termination 
of that trial after 380 patients were enrolled.18

We conducted the Fourth Intensive Ambulance-
Delivered Blood Pressure Reduction in Hyper-Acute 
Stroke Trial (INTERACT4) to evaluate the safety 
and efficacy of initiating intravenous antihyper-
tensive treatment in the ambulance within 2 hours 
after an acute stroke.

Me thods

Study Design and Oversight

We conducted an open-label, randomized trial, 
with blinded outcome assessment, at 51 hospitals 
in China; 43 of the participating sites used hos-
pital-based ambulance services, and 8 (6 in Shang-

hai Pudong, 1 in Xuzhou, and 1 in Yantai) used 
centralized ambulance services (Fig. S1 in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). Details of the 
rationale of the trial, the trial design, and the 
analysis of trial data are provided in the proto-
col, available at NEJM.org.19-21 The trial was spon-
sored in part by Takeda Pharmaceuticals China, 
the manufacturer of the principal medication 
(urapidil) used in the trial, but this sponsor had 
no role in the conduct of the trial. An interna-
tional steering committee designed the trial. The 
trial was monitored by an independent data and 
safety monitoring board. Personnel at the George 
Institute for Global Health China performed the 
analyses and coordinated the trial with regional 
research centers in Shanghai and Chengdu.

The ethics committee at each participating 
site approved the use of a two-stage process for 
obtaining consent from participants or approved 
surrogates: initial use of either a brief written 
informed consent (one site) or a waiver of consent 
(all other sites) for the intervention to commence 
in the ambulance, followed by written consent 
obtained in the hospital for the use of medical 
data and for follow-up. The trial was conducted 
in accordance with the principles of the Declara-
tion of Helsinki and Good Clinical Practice guide-
lines. The fourth author wrote the first draft of 
the manuscript. All the other authors commented 
on drafts of the manuscript and agreed to submit 
the manuscript for publication. All the authors 
vouch for the accuracy and completeness of the 
data and for the fidelity of the trial to the protocol.

Patients

Adult patients (≥18 years of age) were eligible for 
the trial if they had a presumed acute stroke, 
defined by a FAST score (face [facial droop]–arms 
[inability to lift arms]–speech [slurred speech]–
time [time to call emergency services]) of 2 or 
higher (range, 0 to 4, with higher scores indicating 
more symptoms) that included an arm motor defi-
cit; elevated systolic blood pressure (≥150 mm Hg); 
and the ability to start treatment within 2 hours 
after symptom onset or after they were last known 
to be well. Patients who were in a coma or who 
had severe coexisting disease, epilepsy, a recent 
head injury, or hypoglycemia were not eligible. A 
patient’s eligibility was determined by ambulance 
staff who were doctors employed by the partici-
pating ambulance services. Details of the inclu-
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sion and exclusion criteria are provided in the 
Supplementary Appendix.

Randomization and Procedures

After confirmation of eligibility, patients were 
randomly assigned, in a 1:1 ratio, to receive pre-
hospital blood-pressure reduction (intervention 
group) or to receive usual blood-pressure man-
agement (i.e., commencement of blood-pressure 
management on arrival at the hospital) (usual-
care group). Randomization was performed with 
the use of a central Web-based system that in-
cluded a minimization algorithm to balance the 
stratification factors of region (eastern vs. west-
ern China), age (≥65 years vs. <65 years), and FAST 
score (≥3 vs. 2).

For patients assigned to the intervention group, 
the goal was to initiate treatment immediately 
after randomization to achieve a systolic blood 
pressure between 130 and 140 mm Hg within 30 
minutes and to maintain this blood pressure until 
arrival at the hospital. For patients assigned to 
usual care, treatment to lower blood pressure was 
used in the ambulance only for systolic blood 
pressure of 220 mm Hg or higher or for diastolic 
blood pressure of 110 mm Hg or higher. Both 
groups received in-hospital blood-pressure man-
agement and other care according to established 
local guidelines. In China, the recommended tar-
gets for systolic blood pressure in the hospital 
setting are less than 140 mm Hg in patients with 
acute intracerebral hemorrhage22 and 140 to 160 
mm Hg in patients with acute ischemic stroke.23

The recommended treatment regimen to low-
er blood pressure in the ambulance was an intra-
venous bolus of 25 mg of urapidil administered 
over 1 minute, with the dose repeated only once 
after 5 minutes if the blood pressure remained el-
evated. Urapidil is an intravenous antihyperten-
sive drug that is widely used in China, with α1-
adrenoceptor antagonist and 5-hydroxytryptamine 
type 1A  (5-HT1A) receptor agonist activity that 
results in an almost immediate effect on blood 
pressure that peaks within 5 minutes and sub-
sides completely within 4 hours. Patients were 
kept in a horizontal position with their blood 
pressure monitored every 5 minutes in the ambu-
lance while they were being transported. A sys-
tolic blood pressure of 130 mm Hg was consid-
ered to be the threshold for cessation of treatment. 
The ambulance staff notified the receiving hos-
pital staff of the patients’ assigned treatment 

group; treatment with urapidil or another agent 
as a bolus, infusion, or oral administration was 
to continue in the emergency department, stroke 
unit, or monitored facility.

Ambulance staff were trained to assess pa-
tients for trial eligibility, perform randomization, 
administer the assigned treatment, and collect key 
baseline data. Further data were collected at the 
hospital with the use of standard diagnostic crite-
ria for transient ischemic attack and acute stroke 
caused by cerebral ischemia or acute stroke caused 
by intracerebral hemorrhage or subarachnoid hem-
orrhage. The level of neurologic impairment was 
assessed according to the National Institutes of 
Health Stroke Scale (NIHSS) (range, 0 to 42, with 
higher scores indicating greater neurologic defi-
cits). Follow-up data (including NIHSS scores) 
were collected at 24 hours and at 7 days after ran-
domization or at the time of hospital discharge 
if discharge occurred earlier than 7 days. Follow-
up evaluations were undertaken at 90 days, either 
in person or by telephone, by trained, certified 
staff who were unaware of the assigned treatment 
group. All brain images were analyzed by expert 
assessors who were unaware of the assigned 
treatment group (procedures are outlined in the 
Supplementary Appendix); for this report, only the 
abnormalities noted by investigators are included.

Outcomes

The primary outcome was functional status, which 
was assessed by the distribution of scores on the 
modified Rankin scale at 90 days. The modified 
Rankin scale is a standard global 7-level measure 
of disability, in which a score of 0 or 1 indicates 
a favorable outcome without symptoms or with 
symptoms but no disability, scores of 2 through 
5 indicate increasing levels of disability (and de-
pendency), and a score of 6 indicates death. Sec-
ondary efficacy outcomes were disability or death 
and were evaluated with the use of a conventional 
dichotomous analysis of scores on the modified 
Rankin scale at 90 days: 3 through 6 (moderate-
to-severe disability or death) as compared with 
0 through 2. The following outcomes were also 
assessed: death from any cause and cause-spe-
cific death within 90 days, neurologic impairment 
(as indicated by NIHSS scores) at 24 hours and 
7 days, disability (scores of 3 through 5 on the 
modified Rankin scale) at 90 days, hospital dis-
charge by day 7, living situation (residing at home 
or in an institution) at 90 days, and health-relat-
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ed quality of life as measured by the EuroQol 
5-dimension 3-level (EQ-5D-3L) patient-reported 
questionnaire at 90 days. The EQ-5D-3L question-
naire combines scores from five domains of 
health-related quality of life to calculate an over-
all health utility score, with a score of 1 indicat-
ing perfect health, 0 indicating death, and nega-
tive scores indicating health states considered to 
be worse than death. For patients with intrace-
rebral hemorrhage, investigators provided de-
tails regarding hematoma volumes on computed 
tomographic (CT) scans at baseline and at 24 
hours. The prespecified safety outcome was any 
serious adverse event.

Statistical Analysis

We calculated that a sample size of 2320 patients 
would provide the trial with 90% power to detect 
22% lower odds of a poor functional outcome in 
the intervention group than in the usual-care 
group (common odds ratio, 0.78), under the as-
sumption that 6% of patients would have a con-
dition mimicking a stroke and that an assessment 
of the primary outcome would be unavailable for 
5% of patients.16,18,20,24 The primary-outcome anal-
ysis was based on the intention-to-treat popula-
tion. Sensitivity analysis of the primary outcome 
included additional adjustments for the covariates 
of prestroke function, sex, and time from symp-
tom onset to randomization. The use of multiple 
imputation was planned but not undertaken, since 
the amount of missing data was below a pre-
specified threshold of 5%. A per-protocol analy-
sis included patients who received the assigned 
treatment and had no clinically meaningful de-
viations from the protocol. We also conducted an 
analysis in the modified intention-to-treat popu-
lation, which included patients with cerebral 
ischemia (ischemic stroke or transient ischemic 
attack) or a nonstructural cause of intracerebral 
hemorrhage and excluded patients with a condi-
tion that mimicked a stroke, those with a struc-
tural cause of intracerebral hemorrhage, and those 
with subarachnoid hemorrhage.

The primary analysis was performed with the 
use of ordinal logistic regression after confirma-
tion that the proportional-odds assumption was 
not violated. The model included the group as-
signment and the stratification variables as fixed 
effects, with within-subject correlations account-
ed for as random or repeated effects. Given the 
use by the data and safety monitoring board of 

the conservative Haybittle–Peto stopping bound-
ary and the negligible amount of type I error in 
a single interim analysis of the emerging data, a 
P value of less than 0.05 was used to indicate 
statistical significance. Secondary efficacy analy-
ses were performed with the use of ordinal lo-
gistic regression. EQ-5D-3L health utility scores 
were calculated on the basis of a Chinese gen-
eral population.25,26 We analyzed 10 prespecified 
subgroups. Because the subgroup analysis was 
not part of a hierarchical plan with adjustment 
for multiple comparisons, we report only point 
estimates with 95% confidence intervals, from 
which causal inferences should not be made. 
SAS software (version 9.3 or above; SAS Institute) 
and R software (version 4.0.0 or above) were used 
in the analyses.

R esult s

Patients

Between March 20, 2020, and August 31, 2023, 
a total of 2425 patients underwent randomization 
and treatment in China: 1215 were assigned to 
undergo prehospital treatment for blood-pressure 
reduction, and 1210 to undergo usual care. Con-
sent could not be obtained from 9 patients in the 
intervention group and 11 in the usual-care group, 
and consent was withdrawn by 1 patient in the 
intervention group. Thus, the intention-to-treat 
population included 1205 patients in the inter-
vention group and 1199 in the usual-care group. 
Primary outcome data were available for 2362 pa-
tients (98.3%; 1185 in the intervention group and 
1177 in the usual-care group); 41 patients (20 in 
the intervention group and 21 in the usual-care 
group) could not be contacted, and 1 patient in 
the usual-care group declined to participate. (De-
tails regarding screening, randomization, and fol-
low-up are provided in Figs. S2 and S3 and Ta-
bles S1 through S5.)

The two treatment groups were well balanced 
with regard to demographic and clinical charac-
teristics; 99.0% of patients were of Han Chinese 
descent (Table 1 and Table S6). The mean (±SD) 
age was 70±13 years, and 61.7% were men. The 
median time from symptom onset to randomiza-
tion was 61 minutes (interquartile range, 41 to 93), 
and the mean systolic blood pressure at random-
ization was 178±21 mm Hg. Among 2240 patients 
who received a diagnosis of stroke confirmed by 
imaging, 1041 (46.5%) had hemorrhagic stroke; 
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Table 1. Characteristics of the Patients at Randomization and during Hospitalization.*

Characteristic
Intervention 
(N = 1205)

Usual Care 
(N = 1199)

Age — yr 70±12 70±13

Male sex — no. (%) 719 (59.7) 764 (63.7)

Prehospital FAST score — no. (%)†

2 296 (24.6) 283 (23.6)

3 481 (39.9) 489 (40.8)

4 428 (35.5) 427 (35.6)

Median time from symptom onset to randomization (IQR) — min 63 (41–93) 59 (41–93)

Blood pressure at randomization — mm Hg

Systolic 178±20 178±22

Diastolic 98±15 98±16

Median time from symptom onset to hospital arrival (IQR) — min 80 (54–114) 75 (55–115)

Blood pressure on arrival at hospital — mm Hg

Systolic 159±26 170±27

Diastolic 89±16 94±17

Relevant medical history — no./total no. (%)‡

Hypertension 862/1198 (72.0) 834/1195 (69.8)

Previous stroke 232/1198 (19.4) 238/1195 (19.9)

Coronary artery disease 158/1198 (13.2) 133/1195 (11.1)

Atrial fibrillation 109/1198 (9.1) 98/1195 (8.2)

Diabetes mellitus 220/1198 (18.4) 195/1195 (16.3)

Symptom-free function before stroke onset — no./total no. (%)‡§ 807/1198 (67.4) 823/1195 (68.9)

Median NIHSS score on hospital arrival (IQR)¶ 12 (6–18) 11 (6–17)

Median GCS score on hospital arrival (IQR)‖ 13 (10–15) 13 (10–15)

Diagnosis — no. (%)

Cerebral ischemia** 599 (49.7) 600 (50.0)

Hemorrhagic stroke†† 522 (43.3) 519 (43.3)

Another condition mimicking a stroke‡‡ 77 (6.4) 77 (6.4)

Uncertain 7 (0.6) 3 (0.3)

*	� Plus–minus values are means ±SD. Data are shown for the intention-to-treat population, which included all patients 
who underwent randomization and provided consent. IQR denotes interquartile range.

†	� The FAST score includes face (facial droop), arms (inability to lift arms), speech (slurred speech), and time (time to 
call emergency services). Scores range from 0 to 4, with higher scores indicating more symptoms.

‡	� The total numbers are the numbers of patients for whom the data were available.
§	� Symptom-free function was specified as a score of 0 (no symptoms) on the modified Rankin scale, which ranges from 

0 to 6, with higher scores indicating more severe disability or death.
¶	� Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating 

greater neurologic deficits.
‖	� Scores on the Glasgow Coma Scale (GCS) range from 15 (normal) to 3 (deep coma).
**	� Included are 27 patients in the intervention group and 26 in the usual-care group who received a diagnosis of tran-

sient ischemic attack.
††	� Included are 11 patients in the intervention group and 1 in the usual-care group who received a diagnosis of sub-

arachnoid hemorrhage.
‡‡	� Included are conditions such as migraine, seizure, functional weakness, and syncope (see Table S4).
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of these, 1029 (98.8%) had an intracerebral hem-
orrhage — with 872 (84.7%) having it in a deep 
location — and 12 (1.2%) had a subarachnoid 
hemorrhage. A total of 1199 patients (53.5%) 
had cerebral ischemia — of whom 907 (75.6%) had 
cerebral ischemia due to atheromatous occlusion 
of an extracranial or intracranial large vessel or 
cardioembolism — and 53 (4.4%) had a transient 
ischemic attack. The characteristics of patients 
with hemorrhagic stroke and of those with cere-
bral ischemia and the management of their 
treatment are summarized in Tables S7, S8, and 
S9. The representativeness of the patients is ad-
dressed in Table S10.

The percentage of patients who received any 
blood-pressure–lowering treatment in the ambu-
lance was higher in the intervention group than 
in the usual-care group (89.5% [1078 patients] 
vs. 9.7% [116 patients]), and intravenous urapidil 
was used in 98.2% (1172) of those who received 
any blood-pressure–lowering treatment (Table 
S11). There were minimal between-group differ-
ences in blood-pressure–lowering therapy after 
arrival at the hospital and over days 2 through 7 
(Table S12). At the time of arrival at the hospital, 
the mean systolic blood pressure was 159±26 mm 
Hg in the intervention group as compared with 
170±27 mm Hg in the usual-care group; at 24 
hours, it was 140±18 mm Hg as compared with 
140±19 mm Hg; and at 7 days, it was 136±17 mm 
Hg as compared with 138±18 mm Hg. The esti-
mated mean between-group difference in systolic 
blood pressure was −15 mm Hg (95% confidence 
interval [CI], −17 to −13) in the ambulance and 
−4 mm Hg (95% CI, −5 to −3) in the hospital 
(Table 1 and Table S13 and Figs. S4 through S7). 
Specific blood-pressure data for patients with 
hemorrhagic stroke and for those with cerebral 
ischemia are summarized in Figures S8 through 
S15. There were no major differences in other 
aspects of clinical management over the first 7 
days after randomization, including the use of 
intravenous thrombolysis for patients with cere-
bral ischemia (Table S9).

Primary Outcome

The distribution of scores on the modified Rankin 
scale at 90 days did not differ significantly be-
tween patients in the intervention group and those 
in the usual-care group (common odds ratio, 1.00; 
95% CI, 0.87 to 1.15) (Fig. 1A, Table 2, and Table 

Figure 1. Functional Outcomes at 90 Days in the Two Groups, According to 
Scores on the Modified Rankin Scale (Primary Outcome).

Scores on the modified Rankin scale range from 0 to 6, with 0 indicating 
no symptoms, 1 symptoms without clinically significant disability, 2 slight 
disability, 3 moderate disability, 4 moderate-to-severe disability, 5 severe 
disability, and 6 death. For patients with undifferentiated stroke (Panel A), 
the distribution of scores did not differ significantly between the group that 
received immediate treatment to lower the systolic blood pressure (inter-
vention group) and the group that received usual blood-pressure manage-
ment (usual-care group); the common odds ratio was 1.00 (95% confidence 
interval [CI], 0.87 to 1.15) for a poor functional outcome after prehospital 
blood-pressure reduction. For patients with ischemic stroke (Panel B), in-
cluding 53 with a transient ischemic attack, the distribution of scores indi-
cates a significant increase in the odds of a poor functional outcome after 
prehospital blood-pressure reduction (common odds ratio, 1.30; 95% CI, 
1.06 to 1.60), and for patients with hemorrhagic stroke (Panel C), including 
12 with subarachnoid hemorrhage, the distribution of scores indicates a 
significant decrease in the odds of a poor functional outcome (common 
odds ratio, 0.75; 95% CI, 0.60 to 0.92).
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S14). Sensitivity, per-protocol, and modified in-
tention-to-treat analyses produced similar results 
(Tables S15, S16, and S17). There were differ-
ences in the effect of prehospital blood-pressure 

reduction according to stroke type, with a lower 
odds ratio for a poor functional outcome in pa-
tients with hemorrhagic stroke (common odds 
ratio, 0.75; 95% CI, 0.60 to 0.92) and a higher 

Table 2. Primary and Secondary Efficacy and Safety Outcomes at 90 Days.*

Outcome
Intervention 
(N = 1205)

Usual Care 
(N = 1199)

Odds Ratio 
 (95% CI)†

Primary outcome

Score on modified Rankin scale at 90 days — no./total no. (%)‡

0: No symptoms 164/1185 (13.8) 190/1177 (16.1) 1.00 (0.87–1.15)§

1: No clinically significant disability despite symptoms 225/1185 (19.0) 192/1177 (16.3)

2: Slight disability 94/1185 (7.9) 74/1177 (6.3)

3: Moderate disability requiring some help 166/1185 (14.0) 174/1177 (14.8)

4: Moderate-to-severe disability requiring assistance with daily 
living

131/1185 (11.1) 128/1177 (10.9)

5: Severe disability; bed-bound and incontinent 138/1185 (11.6) 153/1177 (13.0)

6: Death 267/1185 (22.5) 266/1177 (22.6)

Secondary outcomes

Score on modified Rankin scale at 90 days — no./total no. (%)

3–6 702/1185 (59.2) 721/1177 (61.3) 0.92 (0.78–1.09)

3–5 435/918 (47.4) 455/911 (49.9) 0.90 (0.74–1.08)

Death within 90 days — no./total no. (%) 267/1185 (22.5) 266/1178 (22.6) 1.00 (0.82–1.22)

Median NIHSS score (IQR)

At 24 hr 11.0 (4.0–19.0) 10.0 (4.0–18.0)

At 7 days 8.0 (3.0–16.0) 9.0 (2.0–16.0)

EQ-5D-3L overall health utility¶

No. of patients 1182 1174

Score 0.5±0.41 0.5±0.42

Hospital discharge by day 7 — no./total no. (%) 333/1152 (28.9) 354/1149 (30.8) 0.92 (0.77–1.11)

Living in an institution at 90 days — no./total no. (%) 112/918 (12.2) 124/912 (13.6) 0.87 (0.66–1.16)

Safety

Serious adverse events during follow-up — no. of events‖ 350 351

At least one serious adverse event — no. of patients (%) 331 (27.5) 344 (28.7)

*	�Plus–minus values are means ±SD.
†	�For ordinal, continuous, and binary outcomes, generalized linear mixed models were used. The effect of the intervention is presented as an 

odds ratio (and 95% confidence interval [CI]) for a poor functional outcome, with the usual-care group as the reference group. The odds ra-
tio for the primary outcome is an adjusted common odds ratio; the listed odds ratios for the other outcomes are adjusted odds ratios. The 
model includes a random effect of site and fixed effects of randomization group, region (eastern vs. western China), age (≥65 years vs. <65 
years), and FAST score (≥3 vs. 2).

‡	�The modified Rankin scale evaluates global disability, with scores ranging from 0 to 6.
§	� P = 0.16 for the test of the proportional-odds assumption.
¶	�The EuroQol 5-dimension 3-level (EQ-5D-3L) patient-reported questionnaire covers 5 domains of health-related quality of life: mobility, self-

care, usual activities, pain and discomfort, and anxiety and depression. Each domain has 3 graded levels of response: no problems, mod-
erate problems, or extreme problems. Scores from these levels are combined to provide an overall health utility score that was calculated 
according to population norms in China. A score of 1 represents perfect health, a score of 0 represents death, and negative scores represent 
health states considered to be worse than death.

‖	�Serious adverse events were prespecified to include events that may or may not be considered to be related to the treatment and that were 
life-threatening or resulted in hospitalization or prolongation of existing hospitalization, persistent or clinically significant disability or in-
capacity, medical or surgical intervention to prevent permanent impairment to bodily structure or function, or death. A patient could have 
more than one event.
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odds ratio in patients with cerebral ischemia 
(common odds ratio, 1.30; 95% CI, 1.06 to 1.60) 
(Figs. 1B and 1C and 2). However, because this 
subgroup analysis was not part of a hierarchical 
statistical plan, causal inferences about these 
associations cannot be drawn. The effect of the 
treatment group on the primary outcome was 
consistent across the other subgroups in the 
overall population and across the subgroups of 
patients with hemorrhagic stroke and those with 
cerebral ischemia (Fig. 2, Figs. S16 and S17, and 
Table S20).

Other Efficacy Outcomes

Patients in the intervention group had degrees of 
neurologic impairment similar to those of patients 
in the usual-care group at 24 hours and at 7 days, 
and the groups were similar with regard to the 
incidence of death or disability (scores on the 
modified Rankin scale of 3 through 6) or disabil-
ity alone at 90 days, EQ-5D-3L scores, the timing 
of hospital discharge, and living circumstances 
(living at home [the individual’s own or that of a 
family member] or living at an institution [hos-
pital, care facility, or other]) (Tables S21, S22, and 
S23). Data on secondary outcomes for patients 
with intracerebral hemorrhage and those with ce-
rebral ischemia are provided in Tables S18 and S19.

Safety

Overall, the incidence of serious adverse events 
did not differ significantly between the interven-
tion group and the usual-care group (27.5% vs. 
28.7%). Tables S24 through S27 provide a com-
plete list of serious adverse events and causes of 
death, overall and separately for patients with 
hemorrhagic stroke and for those with cerebral 
ischemia.

Discussion

In this randomized trial involving adults with acute 
stroke and elevated blood pressure who were 
identified by ambulance workers in China, the 
early initiation of intravenous antihypertensive 
treatment to reach a systolic blood-pressure tar-
get of 130 to 140 mm Hg had no overall effect 
on functional outcome at 90 days as compared 
with usual care (with commencement of blood-
pressure management on arrival at the hospital). 
However, the prehospital initiation of intensive 
blood-pressure–lowering treatment within 2 hours 

after symptom onset was associated with lower 
odds of a poor functional outcome in patients with 
hemorrhagic stroke and higher odds in those with 
cerebral ischemia.

Although hypertension is common in patients 
with intracerebral hemorrhage and is strongly as-
sociated with poor outcomes, randomized, con-

Figure 2. Subgroup Analysis of the Primary Outcome.

Shown are the common odds ratios for a poor functional outcome in pre-
specified subgroups. The widths of the confidence intervals have not been 
adjusted for multiplicity and may not be used in place of hypothesis test-
ing. FAST (face–arm–speech–time) scores range from 0 to 4, with higher 
scores indicating more symptoms. Scores on the National Institutes of 
Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indi-
cating greater neurologic deficits. Systolic and diastolic blood-pressure 
values and NIHSS scores are dichotomized as above or below the median 
value. TIA denotes transient ischemic attack.
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1.14 (0.93–1.39)
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0.83 (0.67–1.02)

1.19 (0.97–1.45)

1.10 (0.90–1.35)

0.99 (0.82–1.18)
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0.5
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The New England Journal of Medicine
Downloaded from nejm.org at UNIVERSITY OF MICHIGAN on June 16, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med 390;20  nejm.org  May 30, 20241870

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

trolled trials of early intensive treatment to 
lower blood pressure in this patient group have 
shown inconsistent results,5,6 which has led to 
only an intermediate-strength recommendation 
for this treatment in guidelines from health or-
ganizations.27-29 The Third Intensive Care Bundle 
with Blood Pressure Reduction in Acute Cerebral 
Hemorrhage Trial (INTERACT3)3 showed that 
implementation of a goal-directed care bundle 
that included early intensive blood-pressure re-
duction in addition to other management strate-
gies in hospital protocols improved outcomes of 
intracerebral hemorrhage; however, implementa-
tion of this intervention may be challenging.30

The role of intensive blood-pressure reduction 
in acute ischemic stroke is more complicated, 
especially since trials have shown that it can lead 
to adverse outcomes in patients after successful 
endovascular therapy.31,32 The rationale for the 
inclusion of patients with hypertension who had 
an acute stroke that had produced a motor defi-
cit was to reduce the number of patients enrolled 
with a condition that mimicked stroke and to 
improve efficiency. This approach may have led 
to the inclusion of a higher proportion of patients 
with an ischemic deficit due to large-vessel occlu-
sion of the anterior circulation,33,34 in whom early 
blood-pressure reduction may have compromised 
cerebral blood flow in the evolving ischemic 
penumbra.

Strengths of this trial include the involvement 
of doctors in emergency services, use of a waiver 
or a simple consent process, high rates of eligibil-
ity and adherence to the protocol, and the ability 
to lower blood pressure effectively with a simple, 
intravenous treatment regimen. However, involve-
ment of trained doctors in emergency services 
limits the generalizability of our findings. In ad-
dition, this trial was conducted only in China, 
where the proportion of cases of acute ischemic 
stroke caused by intracranial atherosclerosis and 
cerebral small-vessel disease is higher than in 
North America and Europe and where the inci-
dence of intracerebral hemorrhage is high.33,34 
Moreover, intravenous urapidil is not widely avail-
able outside China, and the mechanisms of ac-
tion differ from those of comparable antihyper-
tensive drugs in other countries. The results may 
also be less relevant to paramedic-run ambulance 
services and to patients presenting with possible 
stroke that has caused a minor neurologic deficit. 

The open-label design, the pragmatic approach 
with broad inclusion criteria, the variability of 
other medical care according to available re-
sources, and the use of risk-based monitoring 
during quarantine restrictions in the coronavi-
rus disease 2019 pandemic20 may have compro-
mised data quality and produced differences in 
management from that in other health settings. 
Even so, time performance metrics and the use 
of intravenous thrombolysis and other patterns 
of management in our trial population were 
similar to those in other studies.35

In patients with acute stroke and elevated 
blood pressure, the rapid initiation of intensive 
blood-pressure reduction to reach a target sys-
tolic blood pressure of 130 to 140 mm Hg in the 
ambulance within 2 hours after symptom onset 
had no benefit with regard to functional out-
come in patients with undifferentiated stroke as 
compared with the standard approach of initiat-
ing blood-pressure management after arrival at 
the hospital. However, the intervention may have 
had divergent effects for patients with hemor-
rhagic stroke and those with cerebral ischemia.
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