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Abstract
Objectives:	Elevated	blood	pressure	(BP)	is	common	in	acute	ischemic	stroke,	but	its	
effect on outcome is not fully understood. We aimed to investigate the association of 
baseline	BP	and	BP	change	within	the	first	day	after	stroke	with	stroke	severity,	func-
tional	outcome,	and	mortality.
Methods: Patients admitted to hospital with acute ischemic stroke (IS) from 15 
February	2005	through	31	May	2009	were	consecutively	included.	Acute	stroke	se-
verity and functional outcome at three and twelve months were investigated using 
multivariate regression analysis; the association between BP and all- cause mortality 
at	one,	three,	and	twelve	was	investigated	by	Cox	proportional	hazard	regression	and	
Kaplan–Meier survival curves.
Results:	 A	 total	 of	 799	 patients	 (mean	 age	 78.4	±	8.0,	 48%	 men)	 were	 included.	
Higher decreases in systolic and mean arterial blood pressure (ΔSBP and ΔMAP)	
were associated with decreased 1- month mortality (ΔSBP:	hazard	ratio,	HR:	0.981;	
95%	CI:	0.968	–	0.994;	p	=	.005),	3-	month	mortality	(ΔSBP:	HR	0.989;	95%	CI	0.981	
– 0.998; p-	value	.014),	and	twelve-	month	mortality	(ΔSBP:	HR	0.989;	95%	CI	0.982	
–	0.996;	p- value .003). Stroke severity was associated with ΔMAP	(B	coefficient	−.46,	
p-	value	.011).	Higher	SBP	and	MAP	on	admission	were	associated	with	better	func-
tional	outcome	at	three	(SBP:	OR	0.987;	95%	CI	0.978	–	0.997;	p-	value	.008	-		MAP:	
OR	0.985;	95%	CI	0.971	–	1;	p-	value	.046)	and	twelve	(SBP:	OR	0.988;	95%	CI	0.979	
– 0.998; p-	value	.015	–	MAP:	OR	0.983;	95%	CI	0.968	–	0.997;	p- value .02) months.
Conclusion:	In	this	elderly	population,	higher	BP	on	arrival	to	the	emergency	room	
(ER) and decrease in BP after the patients’ arrival to the ward were associated with 
improved	functional	outcome	and	reduced	mortality,	respectively.	These	results	may	
reflect a regulatory situation in which elevated initial blood pressure indicates ade-
quate response to cerebral tissue ischemia while subsequent blood pressure de-
crease	instead	may	be	a	consequence	of	partial,	successful	reperfusion.
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1  | INTRODUC TION

Elevated blood pressure (BP) is a common observation in the acute 
setting	in	patients	with	acute	ischemic	stroke	(IS)	(Wallace	&	Levy,	
1981).	 In	a	study	of	over	500,000	patients	with	stroke	by	Qureshi	
et	al.	 (2007),	 77%	 of	 the	 276,734	 patients	 with	 verified	 ischemic	
strokes displayed systolic blood pressures (SBP) >140 mmHg at the 
emergency	department.	Typically,	BP	then	decreases	spontaneously,	
starting	within	hours	of	stroke	onset	(Britton,	Carlsson,	&	de	Faire,	
1986;	 Broderick	 et	al.,	 1993;	 Jauch	 et	al.,	 2013;	 Wallace	 &	 Levy,	
1981).	It	has	been	hypothesized	that	elevated	BP	in	stroke	patients	
can	be	either	beneficial	or	detrimental,	by	mechanisms	of	improved	
cerebral perfusion in ischemic tissue or by edema and complicating 
hemorrhage,	respectively	(Britton	et	al.,	1986;	Jauch	et	al.,	2013).	A	
study of leptomeningeal collateral circulation in patients with acute 
IS who received intravenous thrombolysis showed that collateral 
circulation	was	better	when	BP	was	elevated	(Rusanen,	Saarinen,	&	
Sillanpaa,	2015).

Kvistad et al. (2013) have reported an inverse association be-
tween elevated BP on admission and stroke severity. There was no 
significant	difference,	however,	in	short-	term	functional	outcome.	
In	a	study	of	831	patients	with	IS	or	transient	ischemic	attack	(TIA)	
by	Carlberg,	Asplund,	&	Hagg	 (1993)	 there	was	no	significant	as-
sociation	between	mean	arterial	pressure	(MAP)	on	admission	and	
mortality 30 days after admission.

Other studies have linked elevated BP in the acute setting to 
poor	 outcome	 in	 terms	 of	 dependency	 at	 21	days	 and	 6	months,	
respectively,	 or	 early	 recurrence	 of	 stroke	 and	 death	 (Ahmed	 &	
Wahlgren,	2001;	Leonardi-	Bee,	Bath,	Phillips,	&	Sandercock,	2002).	
A	U-	shaped	relationship	between	admission	BP	and	early	and	 late	
death	 has	 been	 shown,	 suggesting	 that	 both	 high	 and	 low	 BPs	
are	 detrimental	 (Leonardi-	Bee	 et	al.,	 2002;	 Vemmos	 et	al.,	 2004).	
Wohlfahrt	 et	al.	 (2015)	 too,	 noted	 an	 association	 between	 lower	
BP	and	death	.	Recently,	a	meta-	analysis	of	several	relatively	small	
studies	(Kakaletsis	et	al.,	2015)	investigated	the	association	between	
outcome in acute IS and BP measured by ambulatory monitoring 
methods during the first 24 hr of admission and found that elevated 
pressures	 predicted	poor	outcome,	 in	 the	 form	of	 either	 death	or	
poor functional outcome.

The importance of change from the baseline BP at admission has 
also	been	studied,	and	correlation	between	early,	spontaneous	BP	
decrease,	and	lesser	stroke	severity	as	well	as	improved	functional	
outcome	 at	 10	days	 and	 3	months	 has	 been	 suggested	 (Abboud,	
Labreuche,	 Plouin,	 &	 Amarenco,	 2006;	 Christensen,	 Meden,	
Overgaard,	 &	 Boysen,	 2002).	 Furthermore,	 it	 has	 been	 suggested	
that positive outcome is associated with SBT decrease when the 
baseline	 SBP	 is	 in	 the	 110-	170	mmHg	 range	 and	 that,	 conversely,	
increase in SBP from baseline generally predicted worse outcome 
(Ntaios,	 Lambrou,	&	Michel,	2011).	Blood	pressure	variability,	 too,	
has been associated with early neurological deterioration (Chung 
et	al.,	2015).

On	the	other	hand,	there	are	also	reports	of	worse	stroke	out-
come and increased mortality after 3 months in patients with SBP 

decrease	higher	than	20	mmHg	(Castillo	et	al.,	2004).	Furthermore,	
in	 the	SCAST	study,	BP	decreases	 through	antihypertensive	 treat-
ment	 neither	 reduced	 mortality,	 nor	 improved	 functional	 out-
come	 (Sandset	 et	al.,	 2011).	A	 large	Chinese	 trial	 (CATIS)	was,	 like	
the	SCAST	study,	unable	 to	 link	BP	 reduction	 to	decreased	short-	
term	 mortality	 or	 improved	 functional	 outcome	 (He	 et	al.,	 2014).	
Interestingly,	the	3-	month	follow-	up	of	CATIS	showed	a	 lower	risk	
of recurrent stroke in patients who received antihypertensive treat-
ment	24-	48	hr	after	suffering	an	acute	IS	(Xu	et	al.,	2017).

A	recent	meta-	analysis	of	BP	lowering	randomized	controlled	tri-
als,	additionally,	was	unable	to	clarify	whether	acute	BP	decrease	is	
beneficial	or	not	(Liu,	Li,	Li,	Xiong,	&	Zhao,	2015).

The true significance of BP in the acute setting of stroke still 
proves	elusive	and	the	purpose	of	this	study,	therefore,	was	to	fur-
ther investigate the association of baseline BP and BP changes with 
short-		and	long-	term	mortality,	acute	stroke	severity,	and	long-	term	
functional	 outcome.	 To	 our	 knowledge,	 no	 other	 studies	 encom-
passing	over	700	patients	have	described	follow-	up	data	at	twelve	
months.

2  | MATERIAL S AND METHODS

2.1 | Study design and population

This study is a prospective analysis of consecutively included pa-
tients with acute IS admitted to the Stroke Ward of the medical 
 department of Sahlgrenska University Hospital from 15 February 
2005 through 31 May 2009. The endpoints of interest were as 
follows:	 acute	 stroke	 severity,	 functional	 outcome,	 and	 survival.	
Because	of	the	organizational	structure	at	Sahlgrenska	University	
Hospital	at	the	time	of	the	study,	younger	stroke	patients	(<65	years)	
generally received treatment at the Stroke Ward of the neurologi-
cal	 department,	 rather	 than	 that	 of	 the	medical	 department.	 The	
neurological department also treated patients who underwent 
thrombectomy	 or	 received	 thrombolytic	 therapy.	 Thus,	 younger	
stroke patients and patients who received more invasive therapy 
were not included in our material. Patient demographics and clinical 
history were collected consecutively and recorded in a database. 
The study was approved by the Regional Ethical Review Board in 
Gothenburg.

2.2 | Data collection

Standardized	 forms	 were	 used	 to	 obtain	 relevant	 medical	 history	
data from patients via interview or collected from medical records. 
When	a	patient	was	unable	to	answer	for	him	or	herself,	a	knowl-
edgeable	proxy	was	interviewed	instead.

Preexisting	conditions,	for	example,	hypertension,	were	consid-
ered	present	if	patients,	proxies,	or	medical	records	reported	them	
as such or if the patients were treated with drugs targeting the con-
dition	(e.g.,	antihypertensive	drugs).	The	same	principle	was	applied	
for	diabetes	mellitus,	atrial	 fibrillation,	previous	stroke,	myocardial	
infarction,	and	congestive	heart	failure.
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Standard	 techniques	 were	 utilized	 for	 laboratory	 analyses.	
Computed tomography scans were performed on admission. 
Stroke diagnosis was assessed in accordance with the World Health 
Organization’s	definition	(1988).

The severity of the stroke was defined at the ward using the 
National Institutes of Health Stroke Scale (NIHSS) by specially 
trained	personnel	(Brott	et	al.,	1989;	Konig	et	al.,	2008).	Stroke	sub-
types	were	classified	according	to	the	Trial	of	Org	10172	 in	Acute	
Stroke	 Treatment	 (TOAST)	 (Adams	 et	al.,	 1993).	 Functional	 out-
come was measured after three and twelve months with modified 
Rankin	Scale	 (mRS),	either	 in	conjunction	with	 follow-	up	visits,	via	
telephone,	 or	 through	 assessment	 of	 medical	 records	 (Bonita	 &	
Beaglehole,	1988).	Mortality	data	were	obtained	electronically	from	
the	Swedish	Population	Register,	in	which	all	deaths	are	registered.

Blood pressure values were measured manually using a sphygmo-
manometer	and	stethoscope,	where	 the	appearance	and	disappear-
ance	of	Korotkoff	sounds	represented	systolic	and	diastolic	pressures,	
respectively. The measurements were made once per measuring oc-
casion	by	regular,	trained	hospital	personnel,	predominantly	nurses	or	
assistant nurses. BP was first recorded on arrival to the emergency 
room	(ER),	and	subsequently	on	arrival	to	the	ward,	the	latter	measure-
ment occurring no later than 12 hr after admission to the ER. Systolic 
and	diastolic	BPs	were	measured	in	the	right	arm,	in	a	supine	position.	
If,	however,	the	right	arm	was	afflicted	by	palsy,	pressures	were	mea-
sured in the left arm. BPs were measured on admittance to the ward 
and	on	days	1,	2,	3,	7,	and	at	discharge.	At	the	time	of	the	study,	local	
guidelines mandated acute lowering of blood pressure with antihyper-
tensive	therapy	in	patients	with	IS	when	BP	was	≥220	mmHg.

Blood	 pressure	 values	 are	 presented	 in	 the	 form	 of	 systolic,	
diastolic,	 and	 MAP.	 The	 MAP	 values	 were	 obtained	 from	 SBP	
and diastolic BP (DBP) values through the following equation: 
MAP	=	(SBP*1/3)	+	(DBP*2/3).	Difference	in	SBP	values	(ΔSBP) was 
defined	as	the	SBP	value	on	arrival	to	the	ward,	subtracted	from	the	
SBP value on arrival to the ER. The same principle was applied for 
calculating ΔMAP.	DBP	was	not	included	independently	in	our	anal-
yses because previous work suggests that SBP is a better predic-
tor	of	events	in	elderly	patients	(Franklin	et	al.,	1997;	Mancia	et	al.,	
2013;	Vishram	et	al.,	2012).	In	addition,	DBP	was	indirectly	included	
as	a	component	of	MAP.

2.3 | Outcomes

Our primary endpoints were acute stroke severity (measured by 
NIHSS)	and	all-	cause	mortality	during	the	acute	phase,	at	three,	and	
at	 twelve	months.	A	 secondary	endpoint	was	 functional	outcome,	
measured	by	modified	Rankin	Scale	(mRS),	at	three	and	12	months,	
respectively.

2.4 | Statistical analysis

The associations between BP values and mortality and functional 
outcome	were	 investigated	 using	Cox	 proportional	 hazard	 regres-
sion	 and	 binary	 logistic	 regression,	 respectively.	 In	 both	 analyses,	
age,	sex,	NIHSS	score	in	the	acute	setting,	congestive	heart	failure,	
diabetes	mellitus	(type	1	and	type	2),	and	history	of	IS	were	used	as	
covariates. In the analyses involving ΔSBP and ΔMAP,	SBP	and	MAP,	
respectively,	were	also	included	as	covariates.	For	the	binary	logis-
tic	regression,	values	for	mRS	were	categorized	into	a	dichotomous	
variable,	in	which	a	score	of	0-	2	was	considered	a	positive	outcome	
and a score of 3- 5 was considered a negative outcome. Patients 
with	mRS	scores	of	6,	which	equals	death,	were	excluded	from	the	
analysis.

For the analysis of associations between BP values and NIHSS 
score	in	the	acute	setting,	linear	regression	was	used.	In	this	analysis,	
age,	sex,	and	history	of	IS	were	used	as	covariates.

We also performed a separate regression analyses for posi-
tive and negative ΔBP	 values,	 respectively,	 to	 further	 clarify	 the	

TABLE  1 Baseline characteristics of the study population

Ischemic stroke 
(n = 799)

Baseline values

Age,	years 78.4	±	8.0

Systolic	BP	on	arrival	at	ER,	mmHg 166	±	29.7

Diastolic	BP	on	arrival	at	ER,	mmHg 92	±	16.2

Mean	arterial	pressure	on	arrival	at	ER,	mmHg 116	±	18.4

SBP	decrease,	mmHg 7.4	±	17.5

MAP	decrease,	mmHg 6.1	±	28.5

SBP	decrease,	% 58

MAP	decrease,	% 66

NIHSS,	points 7.3	±	6.7

Cholesterol,	mmol/L 4.9	±	1.2

LDL	cholesterol,	mmol/L 2.9	±	1.0

HDL	cholesterol,	mmol/L 1.5	±	0.5

Triglycerides,	mmol/L 1.3	±	0.6

Time	from	symptom	onset	to	arrival	at	ER,	hr 2.6	±	2.9

Time from arrival at ER to admission at stroke 
ward,	hr

5.3	±	3.4

History

Male,	% 48

Ischemic	stroke,	% 27

Intracerebral	hemorrhage,	% 3

Transitory	ischemic	attack,	% 8

Hypertension,	% 57

Atrial	fibrillation,	% 31

Myocardial	infarction,	% 15

Heart	failure,	% 12

Diabetes	mellitus	(type	1	and	2),	% 17

BP,	blood	pressure;	ER,	emergency	room;	SBP,	systolic	blood	pressure;	
MAP,	mean	arterial	pressure;	NIHSS,	The	National	 Institutes	of	Health	
Stroke Scale.
Demographic	data.	Data	are	mean	±	SD or percentages. Percentages re-
flect	 valid	 data	 entries,	which	may	be	 lower	 than	 the	 total	 number	 of	
patients in each group.
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significance	of	increases	or	decreases	in	BP,	and	the	covariates	were	
the	 same	as	 in	 the	Cox	proportional	hazard	 regression	mentioned	
above.	 All	 statistical	 analyses	 were	 performed	 with	 the	 software	
IBM	 SPSS	 Statistics,	 version	 24	 (IBM	 Corporation,	 Armonk,	 New	
York,	United	States).	Results	were	considered	statistically	significant	
if p-	values	<.05.

3  | RESULTS

3.1 | Baseline characteristics

In	 total,	 799	 patients	 were	 included.	 Demographic	 data,	 medical	
history,	baseline	BP,	and	laboratory	values	are	presented	in	Table	1.	
TOAST	distribution	is	shown	in	Table	2.

3.2 | Short- term outcomes

3.2.1 | Mortality

All	in	all,	70	patients	had	died	at	1-	month	follow-	up.	Both	ΔSBP and 
ΔMAP	 displayed	 significant	 association	 with	 short-	term	 mortality	
whereby BP decrease on arrival to the ward was associated with 
lower mortality. Data are displayed in Table 3.

3.2.2 | Stroke severity

In	linear	regression	analysis,	stroke	severity,	as	measured	by	NIHSS,	
was associated with ΔMAP	(B	coefficient	−.05,	p- value .01).

3.3 | Long- term outcome – Three and 
twelve months

3.3.1 | Mortality

In	 total,	 113	 (14%)	 and	 157	 (20%)	 patients	 had	 died	 at	 3-	month	
and	 twelve-	month	 follow-	up,	 respectively.	We	 found	 a	 significant	
association between ΔBP and mortality at both three and twelve 
months.	Decrease	 in	BP,	both	 in	 the	 form	of	SBP	and	 in	 the	 form	
of	MAP,	was	 thus	 associated	with	 lower	mortality	 rates.	Data	 are	
shown	in	Table	3.	Furthermore,	in	the	dichotomized	analysis	based	
on	MAP	 increase/decrease,	we	found	 increase	 in	BP	to	be	related	
to	significantly	higher	mortality	risk	at	twelve	months,	see	Table	4.	
Kaplan–Meier survival curves by SBP increase/decrease are shown 
in Figure 1.

3.3.2 | Functional outcome

There was a significant association between SBP on admission and 
functional	 outcome	 at	 both	 three	 and	 twelve	months,	 suggesting	
that higher initial SBP is linked to better long- term functional out-
come.	 Data	 are	 shown	 in	 Table	5.	MAP,	 too,	 was	 significantly	 as-
sociated with functional outcome at three and twelve months (see 
Table 5). No significant associations were found between BP change 
and functional outcome.

4  | DISCUSSION

Our	results	thus	demonstrate	that	a	decrease	in	BP,	as	measured	by	a	
drop	in	either	SBP	or	MAP	when	comparing	BP	on	arrival	to	the	ER	to	
BP	on	arrival	to	the	ward,	is	associated	with	reduced	mortality.	The	

TABLE  2 Trial	of	Org	10172	in	Acute	Stroke	Treatment	(TOAST)	
classification

n = 795a

Large-	artery	atherosclerosis,	% 26

Cardioembolism,	% 35

Small-	vessel	occlusion,	% 25

Stroke	of	other	determined	etiology,	% 1

Stroke	of	undetermined	etiology,	% 14

Percentages reflect valid entries. Rounding may cause total percentage 
to	exceed	100%.
aN	=	795	because	TOAST	classification	was	missing	in	four	patients.

TABLE  3 Multivariate analysis of association between blood pressure levels and mortality at follow- up

1- month follow- up 3- month follow- up 12- month follow- up

HR 95% CI p HR 95% CI p HR 95% CI p

BP at ER

SBP 1 0.98–1.012 .965 1 0.99–1.009 .923 0.994 0.986–	1.002 .154

MAP 1.007 0.988–1.098 .465 1.003 0.987–1.020 .725 0.993 0.980–	1.006 .295

BP change

ΔSBP 0.981 0.968–0.994 .005 0.989 0.981–0.998 .014 0.989 0.982–	0.996 .003

ΔMAP 0.961 0.940–0.983 <.001 0.97 0.953–0.987 .001 0.982 0.97–	0.993 .002

BP,	blood	pressure;	ER,	emergency	room;	HR,	hazard	ratio;	SBP,	systolic	blood	pressure;	MAP,	mean	arterial	pressure.
Age,	sex,	NIHSS	score	in	the	acute	setting,	congestive	heart	failure,	diabetes	mellitus	(type	1	and	type	2),	and	history	of	ischemic	stroke	(IS)were	used	
as covariates. In the analyses of ΔSBP and ΔMAP,	SBP	and	MAP,	respectively,	were	also	included	as	covariates.
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correlation between BP decrease (ΔSBP and ΔMAP)	and	mortality	
was significant in both short- term and long- term mortality analyses.

We	also	show	that	a	higher	admittance	SBP	or	MAP	level,	mea-
sured	 on	 arrival	 to	 the	 ER,	 is	 significantly	 associated	 with	 better	
long- term functional outcome.

The mean age of our patients was considerably higher than in 
previous	studies,	and	we	therefore	believe	our	data	shed	some	light	
on the importance of BP in the acute setting in this older and thus 
previously unstudied cohort.

We found no significant association between BP on arrival and 
mortality,	neither	short-	term	nor	long-	term.	Unlike	Wohlfahrt	et	al.	
(2015),	however,	we	adjusted	for	congestive	heart	 failure	 (CHF)	 in	
our mortality analyses. In a separate analysis (t	test	data	not	shown),	
our heart failure patients had significantly lower blood pressure than 
patients without CHF. The inclusion of CHF as a covariate in our re-
gression	analyses	might	thus	explain	why	we	did	not	see	an	associa-
tion between lower blood pressure and mortality.

Our	findings,	thus,	suggest	a	protective	effect	of	 larger	BP	de-
creases	as	well	as	higher	admission	BP,	where	larger	BP	decrease	is	
associated with lower mortality and higher admission BP is associ-
ated with better functional outcome. These findings are in line with 
the	hypothesis	 that	BP	elevation	 in	 stroke	 is	 a	 physiological,	 ben-
eficial	 response	 to	 increased	 demands	 of	 perfusion	 (Britton	 et	al.,	
1986).	They	are	also	 in	accordance	with	results	from	several	other	

TABLE  4 Multivariate analysis of association between either increase or decrease in blood pressure and mortality at follow- up

1- month follow- up 3- month follow- up 12- month follow- up

HR 95% CI p HR 95% CI p HR 95% CI p

SBP increase 1.005 0.983–1.027 .68 1.012 0.996–1.028 .145 1.005 0.989–1.021 .561

MAP	increase 1.02 0.997–	1.054 .242 1.022 0.991–1.053 .163 1.027 1.002–1.053 .035

SBP decrease 0.973 0.941– 1.005 .098 0.981 0.957–1.006 .142 0.987 0.966–1.009 .248

MAP	decrease 0.947 0.900–0.998 .041 0.946 0.909–0.984 .006 0.966 0.935–0.998 .035

HR,	hazard	ratio;	SBP,	systolic	blood	pressure;	MAP,	mean	arterial	pressure.
Age,	sex,	NIHSS	score	in	the	acute	setting,	congestive	heart	failure,	diabetes	mellitus	(type	1	and	type	2),	history	of	ischemic	stroke	(IS)	and	SBP	or	MAP,	
respectively,	were	used	as	covariates.

F IGURE  1 Kaplan–Meier plot displaying percentage of survivors 
after	twelve	months,	stratified	by	increase	or	decrease	in	systolic	
blood pressure (SBP). The blue graph represents patients with an 
increase in systolic blood pressure (SBP) on arrival to the stroke 
ward,	when	compared	to	the	admission	blood	pressure	at	the	
emergency room. The green graph represents patients with a 
corresponding	decrease	in	SBP.	Age,	sex,	National	Institutes	of	
Health	Stroke	Scale	(NIHSS)	score	in	the	acute	setting,	congestive	
heart	failure,	diabetes	mellitus	(type	1	and	type	2),	SBP,	and	history	
of ischemic stroke (IS) were used as covariates
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OR 95% CI p OR 95% CI p

BP at ER

SBP 0.987 0.978–0.997 .008 0.988 0.979–0.998 .015

MAP 0.985 0.971–1 .046 0.983 0.968–0.997 .002

BP change

ΔSBP 1 0.989–1.012 .954 1.007 0.996–1.019 .213

ΔMAP 0.998 0.980–1.017 .842 1.011 0.992–1.031 .259

BP,	 blood	 pressure;	 ER,	 emergency	 room;	 SBP,	 systolic	 blood	 pressure;	 MAP,	 mean	 arterial	
pressure.
Age,	sex,	NIHSS	score	in	the	acute	setting,	congestive	heart	failure,	diabetes	mellitus	(type	1	and	
type 2) and history of ischemic stroke (IS) were used as covariates. In the analyses of ΔSBP and 
ΔMAP,	SBP	and	MAP,	respectively,	were	also	included	as	covariates.

TABLE  5 Multivariate analysis of 
associations between blood pressure 
levels and functional outcome
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groups,	which	have	demonstrated	beneficial	associations	between	
early BP decrease and stroke severity as well as functional outcome 
(Abboud	et	al.,	2006;	Christensen	et	al.,	2002;	Ntaios	et	al.,	2011).	
The combination of finding that both larger BP decrease and higher 
admission BP decrease the risk of negative outcome may seem par-
adoxical,	but	may	reflect	the	situation	in	acute	stroke	in	which	de-
mand	of	perfusion	initially	is	increased	but,	subsequently,	wanes	as	
a	result	of	reperfusion	and	tapering	ischemia.	Interestingly,	the	sep-
arate	analysis	of	patients	with	MAP	increases	on	arrival	to	the	ward	
shows that this scenario is associated with greater risk of long- term 
mortality,	as	suggested	in	previous	work	(Ntaios	et	al.,	2011).

Several	 studies	 have	 explored	 the	 effects	 of	 antihypertensive	
therapy	in	the	acute	setting	of	stroke;	none,	however,	has	convinc-
ingly linked pharmaceutical BP lowering to positive effects on out-
come	(Kaste	et	al.,	1994;	Potter	et	al.,	2009;	Sandset	et	al.,	2011).	A	
subgroup	analysis	of	the	CATIS	trial	suggested	that	initiating	antihy-
pertensive therapy 24- 48 hr after IS onset might decrease the rate 
of	stroke	recurrence	at	3-	month	follow-	up	(Xu	et	al.,	2015).	As	the	
authors	point	out,	however,	their	results	should	interpret	with	some	
caution,	as	the	treatment	group	had	both	a	significantly	lower	blood	
pressure and significantly higher usage of antihypertensive medica-
tion	than	the	control	group.	All	in	all,	these	results,	too,	fit	with	the	
hypothesis that lowering of blood pressure should be avoided in the 
setting of acute ischemic stroke.

There	are	some	limitations	to	this	study,	one	being	that	BP	val-
ues	were	measured	only	once	rather	than	twice	within	5	min,	which	
would have been more ideal. Patients who received thrombolytic 
therapy,	furthermore,	were	not	 included	in	the	analysis,	but	at	the	
time	of	the	study,	these	patients	constituted	only	6.6%	of	total	stroke	
patients and an addition of them to the data would thus be unlikely 
to	have	more	than	a	marginal	effect	on	the	results.	Additionally,	we	
did not adjust for whether patients received antihypertensive treat-
ment	in	the	acute	setting	or	not.	According	to	local	guidelines	at	the	
time	of	the	study,	4%	of	the	patients	had	a	BP	of	≥220	mmHg	and	
were	thus	eligible	for	acute	antihypertensive	treatment.	Finally,	the	
paucity	of	younger	patients	 in	our	material	also	 limits	the	external	
validity of our study in that part of the population.

One	strength	of	our	study	is	excellent	follow-	up	data,	in	part	due	
to	reliable	census	data	for	mortality,	but	also	comprising	mRS	values	
for	98%	and	92%	of	patients	at	three	and	twelve	months,	respectively.	
As	mentioned,	our	study	also	establishes	that	BP	in	the	acute	setting	
is	an	important	factor	in	an	older	patient	cohort	(mean	age	78	years).	
Another	strength	is	the	reasonably	large	patient	sample	(n	=	799)	and	
a	systematic,	consecutive,	and	unbiased	patient	inclusion	method.

In	conclusion,	our	study	shows	that	a	greater	decrease	in	BP	on	
the patients’ admission to the ward and higher BP on arrival to the 
emergency room is associated with reduced mortality and improved 
functional	outcome,	respectively.	Conversely,	increases	in	MAP	are	a	
predictor of increased long- term mortality. These results may reflect 
a regulatory situation in which elevated initial BP indicates adequate 
response to cerebral tissue ischemia while greater subsequent BP 
decrease may be a consequence of relatively successful reperfusion.

ACKNOWLEDG MENTS

The study was financially supported by The Health & Medical 
Care	 Committee	 of	 the	 Regional	 Executive	 Board,	 Region	
Västra	 Götaland,	 the	 Swedish	 government	 under	 the	 agreement	
“Läkarutbildningsavtalet/Avtal	 om	 läkarutbildning	 och	 forskning”	
(LUA/ALF)	agreement.

CONFLIC T OF INTERE S T

The authors declare no conflict of interest.

ORCID

Johan-Emil Bager  http://orcid.org/0000-0002-7771-7216 

R E FE R E N C E S

Abboud,	 H.,	 Labreuche,	 J.,	 Plouin,	 F.,	 &	 Amarenco,	 P.	 (2006).	 High	
blood	 pressure	 in	 early	 acute	 stroke:	 A	 sign	 of	 a	 poor	 outcome?	
Journal of Hypertension,	 24(2),	 381–386.	 https://doi.org/10.1097/ 
01.hjh.0000200516.33194.e3

Adams	 Jr,	 H.	 P.,	 Bendixen,	 B.	 H.,	 Kappelle,	 L.	 J.,	 Biller,	 J.,	 Love,	 B.	 B.,	
Gordon,	D.	L.,	Marsh	3rd,	E.	E.	 (1993).	Classification	of	subtype	of	
acute ischemic stroke. Definitions for use in a multicenter clinical 
trial.	TOAST.	Trial	of	Org	10172	in	Acute	Stroke	Treatment.	Stroke,	
24(1),	35–41.	https://doi.org/10.1161/01.STR.24.1.35

Ahmed,	 N.,	 &	 Wahlgren,	 G.	 (2001).	 High	 initial	 blood	 pressure	
after acute stroke is associated with poor functional outcome. 
Journal of Internal Medicine,	 249(5),	 467–473.	 https://doi.org/ 
10.1046/j.1365-2796.2001.00831.x

Bonita,	 R.,	 &	 Beaglehole,	 R.	 (1988).	 Recovery	 of	 motor	 function	
after stroke. Stroke,	 19(12),	 1497–1500.	 https://doi.org/10.1161/ 
01.STR.19.12.1497

Britton,	M.,	Carlsson,	A.,	&	de	Faire,	U.	(1986).	Blood	pressure	course	in	
patients with acute stroke and matched controls. Stroke,	17(5),	861–
864.	https://doi.org/10.1161/01.STR.17.5.861

Broderick,	 J.,	 Brott,	 T.,	Barsan,	W.,	Haley,	 E.	C.,	 Levy,	D.,	Marler,	 J.,	…	
Blum,	C.	(1993).	Blood	pressure	during	the	first	minutes	of	focal	ce-
rebral ischemia. Annals of Emergency Medicine,	 22(9),	 1438–1443.	
https://doi.org/10.1016/S0196-0644(05)81993-6

Brott,	T.,	Adams	Jr,	H.	P.,	Olinger,	C.	P.,	Marler,	J.	R.,	Barsan,	W.	G.,	Biller,	
J.,	…	Hertzberg,	V.	 (1989).	Measurements	of	 acute	 cerebral	 infarc-
tion:	 A	 clinical	 examination	 scale.	 Stroke,	 20(7),	 864–870.	 https:// 
doi.org/10.1161/01.STR.20.7.864

Carlberg,	B.,	Asplund,	K.,	&	Hagg,	E.	(1993).	The	prognostic	value	of	ad-
mission blood pressure in patients with acute stroke. Stroke,	24(9),	
1372–1375.	https://doi.org/10.1161/01.STR.24.9.1372

Castillo,	 J.,	 Leira,	 R.,	 Garcia,	M.	M.,	 Serena,	 J.,	 Blanco,	M.,	 &	Davalos,	
A.	 (2004).	 Blood	 pressure	 decrease	 during	 the	 acute	 phase	 of	
ischemic stroke is associated with brain injury and poor stroke 
outcome. Stroke,	 35(2),	 520–526.	 https://doi.org/10.1161/ 
01.STR.0000109769.22917.B0

Christensen,	 H.,	 Meden,	 P.,	 Overgaard,	 K.,	 &	 Boysen,	 G.	 (2002).	 The	
course of blood pressure in acute stroke is related to the severity 
of the neurological deficits. Acta Neurologica Scandinavica,	 106(3),	
142–147.	https://doi.org/10.1034/j.1600-0404.2002.01356.x

Chung,	J.-W.,	Kim,	N.,	Kang,	J.,	Park,	S.	H.,	Kim,	W.-J.,	Ko,	Y.,	…	Bae,	H.	
J. (2015). Blood pressure variability and the development of early 
neurological deterioration following acute ischemic stroke. Journal 

http://orcid.org/0000-0002-7771-7216
http://orcid.org/0000-0002-7771-7216
https://doi.org/10.1097/01.hjh.0000200516.33194.e3
https://doi.org/10.1097/01.hjh.0000200516.33194.e3
https://doi.org/10.1161/01.STR.24.1.35
https://doi.org/10.1046/j.1365-2796.2001.00831.x
https://doi.org/10.1046/j.1365-2796.2001.00831.x
https://doi.org/10.1161/01.STR.19.12.1497
https://doi.org/10.1161/01.STR.19.12.1497
https://doi.org/10.1161/01.STR.17.5.861
https://doi.org/10.1016/S0196-0644(05)81993-6
https://doi.org/10.1161/01.STR.20.7.864
https://doi.org/10.1161/01.STR.20.7.864
https://doi.org/10.1161/01.STR.24.9.1372
https://doi.org/10.1161/01.STR.0000109769.22917.B0
https://doi.org/10.1161/01.STR.0000109769.22917.B0
https://doi.org/10.1034/j.1600-0404.2002.01356.x


     |  7 of 7BAGER Et Al.

of Hypertension,	 33(10),	 2099–2106.	 https://doi.org/10.1097/
HJH.0000000000000675

Franklin,	 S.	 S.,	 Gustin,	 W.,	 Wong,	 N.	 D.,	 Larson,	 M.	 G.,	 Weber,	 M.	
A.,	 Kannel,	 W.	 B.,	 &	 Levy,	 D.	 (1997).	 Hemodynamic	 patterns	 of	
age- related changes in blood pressure. The Framingham Heart 
Study. Circulation,	 96(1),	 308–315.	 https://doi.org/10.1161/ 
01.CIR.96.1.308

He,	 J.,	 Zhang,	 Y.,	 Xu,	 T.,	 Zhao,	 Q.,	 Wang,	 D.,	 Chen,	 C.	 S.,	 …	 CATIS	
Investigators. (2014). Effects of immediate blood pressure reduction 
on death and major disability in patients with acute ischemic stroke: 
The	CATIS	randomized	clinical	trial.	JAMA,	311(5),	479–489.	https://
doi.org/10.1001/jama.2013.282543

Jauch,	 E.	 C.,	 Saver,	 J.	 L.,	 Adams	 Jr,	 H.	 P.,	 Bruno,	 A.,	 Connors,	 J.	 J.,	
Demaerschalk,	 B.	 M.,	 …	 Council	 on	 Clinical	 Cardiology.	 (2013).	
Guidelines	for	the	early	management	of	patients	with	acute	ischemic	
stroke:	A	guideline	for	healthcare	professionals	from	the	American	
Heart	Association/American	Stroke	Association.	Stroke,	44(3),	870–
947.	https://doi.org/10.1161/STR.0b013e318284056a

Kakaletsis,	 N.,	 Ntaios,	 G.,	 Milionis,	 H.,	 Haidich,	 A.	 B.,	 Makaritsis,	 K.,	
Savopoulos,	C.,	…	Hatzitolios,	A.	I.	(2015).	Prognostic	value	of	24-	h	
ABPM	in	acute	 ischemic	stroke	for	short-	,	medium-	,	and	 long-	term	
outcome:	 A	 systematic	 review	 and	 meta-	analysis.	 International 
Journal of Stroke,	10(7),	1000–1007.

Kaste,	M.,	Fogelholm,	R.,	Erila,	T.,	Palomaki,	H.,	Murros,	K.,	Rissanen,	A.,	
&	Sarna,	S.	 (1994).	A	 randomized,	double-	blind,	placebo-	controlled	
trial of nimodipine in acute ischemic hemispheric stroke. Stroke,	
25(7),	1348–1353.	https://doi.org/10.1161/01.STR.25.7.1348

Konig,	I.	R.,	Ziegler,	A.,	Bluhmki,	E.,	Hacke,	W.,	Bath,	P.	M.,	Sacco,	R.	L.,	…	
Virtual	International	Stroke	Trials	Archive	(VISTA)	Investigators.	(2008).	
Predicting	 long-	term	 outcome	 after	 acute	 ischemic	 stroke:	 A	 simple	
index	 works	 in	 patients	 from	 controlled	 clinical	 trials.	 Stroke,	 39(6),	
1821–1826.	https://doi.org/10.1161/STROKEAHA.107.505867

Kvistad,	 C.	 E.,	 Logallo,	 N.,	 Oygarden,	 H.,	 Thomassen,	 L.,	 Waje-
Andreassen,	 U.,	 &	 Naess,	 H.	 (2013).	 Elevated	 admission	 blood	
pressure and stroke severity in acute ischemic stroke: The Bergen 
NORSTROKE Study. Cerebrovascular Disease,	 36(5–6),	 351–354.	
https://doi.org/10.1159/000355685

Leonardi-Bee,	 J.,	 Bath,	 P.	M.	W.,	 Phillips,	 S.	 J.,	 &	 Sandercock,	 P.	 A.	G.	
(2002). Blood pressure and clinical outcomes in the international 
stroke trial. Stroke,	 33(5),	 1315–1320.	 https://doi.org/10.1161/ 
01.STR.0000014509.11540.66

Liu,	S.,	Li,	C.,	Li,	T.,	Xiong,	J.,	&	Zhao,	X.	 (2015).	Effects	of	early	hyper-
tension	 control	 after	 ischaemic	 stroke	 on	 the	 outcome:	 A	 meta-	
analysis. Cerebrovascular Disease,	40(5–6),	270–278.	https://doi.org/ 
10.1159/000441097

Mancia,	G.,	 Fagard,	 R.,	Narkiewicz,	K.,	 Redon,	 J.,	 Zanchetti,	A.,	 Bohm,	
M.,	 …	 Task	 Force	Members.	 (2013).	 2013	 ESH/ESC	 guidelines	 for	
the management of arterial hypertension: The task force for the 
management of arterial hypertension of the European Society of 
Hypertension (ESH) and of the European Society of Cardiology 
(ESC). European Heart Journal,	34(28),	2159–2219.

Ntaios,	G.,	Lambrou,	D.,	&	Michel,	P.	(2011).	Blood	pressure	change	and	
outcome	in	acute	ischemic	stroke:	The	impact	of	baseline	values,	pre-
vious hypertensive disease and previous antihypertensive treatment. 
Journal of Hypertension,	29(8),	1583–1589.	https://doi.org/10.1097/
HJH.0b013e328348c957

Potter,	J.	F.,	Robinson,	T.	G.,	Ford,	G.	A.,	Mistri,	A.,	James,	M.,	Chernova,	
J.,	&	Jagger,	C.	(2009).	Controlling	hypertension	and	hypotension	im-
mediately	post-	stroke	(CHHIPS):	A	randomised,	placebo-	controlled,	

double- blind pilot trial. The Lancet. Neurology,	8(1),	 48–56.	 https://
doi.org/10.1016/S1474-4422(08)70263-1

Qureshi,	 A.	 I.,	 Ezzeddine,	 M.	 A.,	 Nasar,	 A.,	 Suri,	 M.	 F.,	 Kirmani,	 J.	 F.,	
Hussein,	H.	M,	…	Reddi,	A.	S.	 (2007).	Prevalence	of	elevated	blood	
pressure	in	563,704	adult	patients	with	stroke	presenting	to	the	ED	
in the United States. American Journal of Emergency Medicine,	25(1),	
32–38.	https://doi.org/10.1016/j.ajem.2006.07.008

Rusanen,	H.,	Saarinen,	J.	T.,	&	Sillanpaa,	N.	(2015).	The	association	of	blood	
pressure and collateral circulation in hyperacute ischemic stroke 
patients treated with intravenous thrombolysis. Cerebrovascular 
Disease,	39(2),	130–137.	https://doi.org/10.1159/000371339

Sandset,	E.	C.,	Bath,	P.	M.,	Boysen,	G.,	 Jatuzis,	D.,	Korv,	 J.,	 Luders,	 S.,	
…	 Thijs,	 V.	 (2011).	 The	 angiotensin-	receptor	 blocker	 candesartan	
for	 treatment	 of	 acute	 stroke	 (SCAST):	 A	 randomised,	 placebo-	
controlled,	 double-	blind	 trial.	 Lancet,	 377(9767),	 741–750.	 https://
doi.org/10.1016/S0140-6736(11)60104-9

Vemmos,	 K.	 N.,	 Tsivgoulis,	 G.,	 Spengos,	 K.,	 Zakopoulos,	 N.,	 Synetos,	
A.,	Manios,	E.,	…	Mavrikakis,	M.	 (2004).	U-	shaped	 relationship	be-
tween mortality and admission blood pressure in patients with 
acute stroke. Journal of Internal Medicine,	255(2),	257–265.	https:// 
doi.org/10.1046/j.1365-2796.2003.01291.x

Vishram,	J.	K.,	Borglykke,	A.,	Andreasen,	A.	H.,	Jeppesen,	J.,	 Ibsen,	H.,	
Jorgensen,	 T.,	 …	MORGAM	 Project.	 (2012).	 Impact	 of	 age	 on	 the	
importance of systolic and diastolic blood pressures for stroke risk: 
The	MOnica,	Risk,	Genetics,	Archiving,	and	Monograph	(MORGAM)	
Project. Hypertension,	 60(5),	 1117–1123.	 https://doi.org/10.1161/
HYPERTENSIONAHA.112.201400

Wallace,	 J.	 D.,	 &	 Levy,	 L.	 L.	 (1981).	 Blood	 pressure	 after	 stroke.	
JAMA,	 246(19),	 2177–2180.	 https://doi.org/10.1001/
jama.1981.03320190035023

WHO	 MONICA	 Project.	 (1988).	 The	 World	 Health	 Organization	
MONICA	Project	(monitoring	trends	and	determinants	in	cardiovas-
cular	disease):	A	major	 international	 collaboration.	WHO	MONICA	
Project Principal Investigators. Journal of Clinical Epidemiology,	41(2),	
105–114.

Wohlfahrt,	 P.,	 Krajcoviechova,	 A.,	 Jozifova,	 M.,	 Mayer,	 O.,	 Vanek,	 J.,	
Filipovsky,	 J.,	&	Cifkova,	R.	 (2015).	 Low	blood	pressure	during	 the	
acute period of ischemic stroke is associated with decreased survival. 
Journal of Hypertension,	 33(2),	 339–345.	 https://doi.org/10.1097/
HJH.0000000000000414

Xu,	 T.,	 Zhang,	 Y.,	 Bu,	 X.,	 Wang,	 D.,	 Sun,	 Y.,	 Chen,	 C.	 S.,	 …	 CATIS	
Investigators.	 (2017).	 Blood	 pressure	 reduction	 in	 acute	 isch-
emic	 stroke	 according	 to	 time	 to	 treatment:	 A	 subgroup	 analysis	
of	 the	China	Antihypertensive	 Trial	 in	Acute	 Ischemic	 Stroke	 trial.	
Journal of Hypertension,	35(6),	1244–1251.	https://doi.org/10.1097/
HJH.0000000000001288

Xu,	 T.,	 Zhang,	 Y.,	 Wang,	 D.,	 Sun,	 Y.,	 Chen,	 C.-S.,	 Chen,	 J.,	 …	 CATIS	
Investigators. (2015). Blood pressure reduction in acute ischemic 
stroke according to time to treatment. Journal of Hypertension,	33,	
e2.	https://doi.org/10.1097/01.hjh.0000469725.82869.53

How to cite this article:	Bager	J-E,	Hjalmarsson	C,	Manhem	K,	
Andersson	B.	Acute	blood	pressure	levels	and	long-	term	
outcome in ischemic stroke. Brain Behav. 2018;8:e00992. 
https://doi.org/10.1002/brb3.992

https://doi.org/10.1097/HJH.0000000000000675
https://doi.org/10.1097/HJH.0000000000000675
https://doi.org/10.1161/01.CIR.96.1.308
https://doi.org/10.1161/01.CIR.96.1.308
https://doi.org/10.1001/jama.2013.282543
https://doi.org/10.1001/jama.2013.282543
https://doi.org/10.1161/STR.0b013e318284056a
https://doi.org/10.1161/01.STR.25.7.1348
https://doi.org/10.1161/STROKEAHA.107.505867
https://doi.org/10.1159/000355685
https://doi.org/10.1161/01.STR.0000014509.11540.66
https://doi.org/10.1161/01.STR.0000014509.11540.66
https://doi.org/10.1159/000441097
https://doi.org/10.1159/000441097
https://doi.org/10.1097/HJH.0b013e328348c957
https://doi.org/10.1097/HJH.0b013e328348c957
https://doi.org/10.1016/S1474-4422(08)70263-1
https://doi.org/10.1016/S1474-4422(08)70263-1
https://doi.org/10.1016/j.ajem.2006.07.008
https://doi.org/10.1159/000371339
https://doi.org/10.1016/S0140-6736(11)60104-9
https://doi.org/10.1016/S0140-6736(11)60104-9
https://doi.org/10.1046/j.1365-2796.2003.01291.x
https://doi.org/10.1046/j.1365-2796.2003.01291.x
https://doi.org/10.1161/HYPERTENSIONAHA.112.201400
https://doi.org/10.1161/HYPERTENSIONAHA.112.201400
https://doi.org/10.1001/jama.1981.03320190035023
https://doi.org/10.1001/jama.1981.03320190035023
https://doi.org/10.1097/HJH.0000000000000414
https://doi.org/10.1097/HJH.0000000000000414
https://doi.org/10.1097/HJH.0000000000001288
https://doi.org/10.1097/HJH.0000000000001288
https://doi.org/10.1097/01.hjh.0000469725.82869.53
https://doi.org/10.1002/brb3.992

