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Abstract
Introduction Despite early management and technical
success of mechanical thrombectomy (MT) for acute
ischemic stroke (AIS), not all patients reach a good
clinical outcome. Different factors may have an impact
and we aimed to evaluate blood pressure (BP) levels in
the first 24 hours after MT.
Methods Consecutive AIS patients treated with MT
were enrolled in the retrospective bi-center study.
Neurological deficit was assessed with National
Institutes of Health Stroke Scale (NIHSS) and functional
outcome after 3 months with modified Rankin scale
(mRS) with a score 0–2 for good outcome. The presence
of symptomatic intracerebral hemorrhage (SICH) was
assessed according to the SITS–MOST criteria.
Results Of 703 treated patients, completed BP levels
were collected in 690 patients (350 males, mean age
71±13 years) with median of admission NIHSS 17
points. Patients with mRS 0–2 had a lower median
of systolic BP (SBP) compared with those with poor
outcome (131 vs 140 mm Hg, P<0.0001). The rate of
SICH did not differ between the patients with a median
of SBP <140 mm Hg and ≥140 mm Hg. (5.1% vs
5.1%, P=0.980). Multivariate regression analysis with
adjustment for potential confounders showed a median
of distolic BP (P=0.024, OR: 0.977, 95% CI: 0.957 to
0.997) as a predictor of good functional outcome after
MT, and a median of maximal SBP (P=0.038; OR: 0.990,
95% CI: 0.981 to 0.999) in the patients with achieved
recanalization.
Conclusion Lowering of BP within the first 24 hours
after MT may have a positive impact on clinical outcome
in treated patients.
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Since the positive randomized trials and following
the Highly Effective Reperfusion evaluated in
Multiple Endovascular Stroke Trials (HERMES)
meta-analysis showed a substantial clinical efficacy of mechanical thrombectomy (MT) in acute
ischemic stroke (AIS),1 all centers performing MT
worldwide are being challenged to achieve similar
or better clinical results. Despite an experienced
multidisciplinary stroke team, well organized
hospital management, and good technical results,
not all treated patients reach a good outcome.

Different factors may have an impact on functional
outcome after MT,2–4 nevertheless, some cannot be
affected and some have not yet been sufficiently
established.
Although the levels of blood pressure (BP) are
generally considered very important for recanalization therapy of AIS, only limited data about levels
of BP before and after MT and its impact on clinical outcome are available up to date.5–7 Moreover,
the management of optimal BP in patients undergoing MT is not yet established, formal recommendations are missing, and most centers do not
have a standardized protocol for post-MT BP
treatment.8–11
The aim of our study was to evaluate the influence of BP values within the first 24 hours after MT
on a 3-month clinical outcome.

Methods

All consecutive non-selected patients, who were
treated with MT between 2010 and 2016 in both
centers, were enrolled in this retrospective bi-center
study. In all patients, the symptomatic occlusion of
cerebral artery was detected on computed tomographic angiography or magnetic resonance angiography (MRA). MT was performed in case of
occlusion of the middle cerebral artery (MCA; M1
or M2 segment), or distal part of internal carotid
artery (ICA), or in the case of occlusion of basilar
artery (BAO). In the case of arterial occlusion in
anterior circulation, MT was initiated within the first
6 hours after stroke onset. In the case of BAO, MT
was performed within the first 24 hours after stroke
onset. The size of the hypodense area corresponding
to acute infarction larger than one-third of MCA
territory present on admission CT in the patients
with IS in the anterior circulation was the only
imaging exclusion criterion for MT. Prior severe
disability and known fatal malignity were the clinical
exclusion criteria. Patients with 'wake-up’' strokes
in the anterior circulation were treated with MT if
no hypodense area corresponding to acute infarction was present on admission CT or no hypersignal
area corresponding to acute infarction was present
on admission MRI sequence fluid attenuation inversion recovery. Admission clinical status was evaluated
using the National Institutes of Health Stroke scale
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Table 1

Patients' demographic and baseline clinical characteristics

Parameter

All

mRS 0–2

mRS 3–6

N (males, %)

690 (352, 51%)

332 (176, 53%)

358 (174, 49%)

Age (years, mean±SD)

71±13

67±13

72±12

Admission NIHSS – median (range)

P value
0.247
<0.0001

17 (1–42)

15 (1–36)

18 (1–42)

<0.0001

Hypertension (n, %)

525 (76%)

229 (69%)

296 (83%)

<0.0001

Diabetes mellitus (n, %)

188 (27%)

71 (21%)

117 (33%)

0.001

Ischemic cardiopathy (n, %)

191 (28%)

80 (24%)

111 (31%)

0.043

Hyperlipidemia (n, %)

297 (43%)

140 (42 %)

157 (44%)

0.655

Atrial fibrillation (n, %)

299 (43%)

130 (39%)

168 (47%)

0.039

MCA occlusion (n, %)

567 (82%)

285 (86%)

282 (79%)

0.015

ICA occlusion (n, %)

160 (23%)

70 (21%)

90 (25%)

0.207

BA occlusion (n, %)
Prior IV thrombolysis (n, %)

84 (12%)

32 (10%)

52 (15%)

0.05

519 (75%)

272 (82%)

247 (69%)

<0.0001

BA, basilar artery; ICA, internal carotid artery; MCA, middle cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

Takeda GmbH, Singen, Germany) was the first choice for the
BP treatment in most patients in a form of repeated injections or
infusion. For the analysis, patients were divided into two groups
according to presence/absence of good outcome and compared in
values of SBP and DBP. Subsequently, subgroups of patients with
a median of SBP <140 mm Hg and ≥140 mm Hg were analyzed.
The study protocol was in compliance with the Declaration of
Helsinki (1975) and was approved by the ethical committee of our
hospitals.
Statistical analysis SPSS software (version 22.0; SPSS, Chicago,
IL) was used for the statistical analysis. Fisher’s exact test and
the Kruskal–Wallis test were used for nonparametric variables.
Data normality was tested using the Shapiro–Wilk test. Univariable and multivariable logistic regression analysis were used to
evaluate SBP and DBP as possible predictors of a good 3-month
clinical outcome. A multivariate regression model was adjusted for
the following potential confounders: age, arterial hypertension,
diabetes mellitus, atrial fibrillation, admission NIHSS, IVT, admission glycemia, recanalization time (onset to maximal achieved
recanalization time), and SICH. All tests used α-level of 0.05 for
significance.

(NIHSS) by a certified neurologist. Intravenous thrombolysis (IVT)
was administered within the first 4.5 hours from stroke onset prior
to MT if indicated. In patients with BAO, IVT was performed
within the first 24 hours from stroke onset. Mechanical thrombectomy was performed using stent retrievers (Solitaire, Catch Device,
Trevo, and pRESET). Achieved recanalization status was assessed
according to the Thrombolysis in Cerebral Infarction Scale (TICI)
on the final angiogram.12
In all patients, the occurrence of intracerebral hemorrhage (ICH)
was assessed on the control CT or MRI after 24 hours. Symptomatic
ICH was defined as a local remote parenchymal hematoma (type
2) or subarachnoid hemorrhage associated with at least a 4-point
increase in NIHSS score or leading to death.13 Neurological deficit
was evaluated using the NIHSS after 24 hours and clinical outcome
after 3 months using the modified Rankin scale (mRS). A score
of 0–2 points was considered a good outcome. The mRS scoring
was performed by an experienced certified neurologist and mostly
during scheduled outpatient visits. In some patients, the scoring
was performed by phone call with patient’s relatives or caregivers.
The patient's BP levels in the first 24 hours after MT were
collected as 24 values of systolic BP (SBP) and diastolic BP (DBP)
recorded each hour during hospitalization at the intensive care
unit (ICU) after performed MT. The treatment of elevated BP
and target BP levels depended on treating physician's decision and
clinical status of an individual patient. In the case of previously
performed IVT, the BP level 185/110 mm Hg was respected as
the maximal upper limit.14 15 IV administered urapidil (Ebrantil,

Results

In total, 703 patients were treated with MT using stent retrievers
in both centers during the investigated period (2010–2016).
Completed BP values within the first 24 hours after MT were
collected in 690 patients (350 males, mean age 71±13 years).

Table 2 Treatment results and their comparison between patients with median of SBP <140 mm Hg and ≥140 mm Hg within first 24 hours after
mechanical thrombectomy
Parameter

All

SBP med<140 mm Hg

SBP med≥140 mm Hg

P value

Recanalization time (min, mean±SD)

240±95

240±80

240±110

0.271

Recanalization (TICI≥2 b, n, %)

551 (79.9%)

305 (81.1%)

246 (78.3%)

0.366

Complete recanalization (TICI 3, n, %)

444 (64.3%)

249 (66.2 %)

195 (62.1%)

0.260

ICH (n, %)

199 (29%)

103 (27.4%)

96 (30.6%)

0.359

SICH (n, %)

35 (5%)

19 (5.1%)

16 (5.1%)

0.980

Median of mRS at 90 days

3

2

4

0.0002

mRS≤2 at 90 days (n, %)

332 (48%)

202 (53.7%)

130 (41.4%)

0.001

Mortality at 7 days (n, %)

58 (8%)

29 (7.7%)

29 (9.2%)

0.473

Mortality at 90 days (n, %)

189 (27%)

88 (23.4%)

101 (32.2%)

0.010

ICH, intracerebral hemorrhage; mRS, modified Rankin Scale, SICH, symptomatic intracerebral hemorrhage; TICI, Thrombolysis in Cerebral Infarction Scale.
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Table 3

Comparison of BP levels between patients with good and poor outcome in subgroups analysis according to achieved recanalization status
All

TICI 3

Patient group

mRS 0–2

mRS 3–6

N
SBP
(mm Hg)

DBP
(mm Hg)

Max.SBP
(mm Hg)

Max.DBP
(mm Hg)

P value

TICI≥2b

mRS 0–2

mRS 3–6

249

195

132±15

137±15

P value

TICI<2b

mRS 0–2

mRS 3–6

301

250

132±15

138±15

P value

mRS 0–2

mRS 3–6

31

108

135±14

139±18

332

358

Mean±SD

133±15

139±16

Median

131

140

130

139

131

140

135

140

25 percentile

120

128

120

128

120

128

122

130

75 percentile

144

150

143

150

143

150

148

152

Mean±SD

69±9

70±10

68±9

69±9

68±9

69±10

73±9

71±10

Median

70

70

69

70

69

70

71

70

25 percentile

60

63

60

62

60

62

67

64

75 percentile

75

76

74

73

74

75

78

80

Mean±SD

161±22

172±24

161±22

171±23

161±22

171±23

164±23

174±25

Median

160

170

160

170

160

170

160

177

25 percentile

147

155

145

155

147

155

147

160

75 percentile

175

188

175

185

175

185

180

190

Mean±SD

90±15

93±15

89±13

93±15

90±14

93±15

95±22

94±15

Median

90

90

90

90

90

90

90

90

25 percentile

80

85

80

84

80

82

84

85

75 percentile

98

100

96

100

96

100

100

101

<0.0001

0.094

<0.0001

0.002

0.0004

0.599

<0.0001

0.015

<0.0001

0.201

<0.0001

0.008

P value

0.138

0.572

0.032

0.628

DBP, diastolic blood pressure, Max., maximal recorded BP value within first 24 hours after mechanical thrombectomy; mRS, modified Rankin Scale; SBP, systolic blood pressure; TICI, Thrombolysis in
Cerebral Infarction Scale.

Demographic and baseline characteristics of analyzed patients
are shown in table 1.
The recanalization (TICI 2b–3) was reached in 551 (79.9%)
patients and complete recanalization (TICI 3) in 444 (64.3%)
patients. Good 90-day clinical outcome (mRS 0–2) was present
in 331 (48%) patients and 186 (27%) patients died within 3
months. ICH after MT was observed in 200 (29%) and SICH in
35 (5%) patients (table 2).
Patients with good outcome had a significantly lower median
of SBP and median of maximal recorded SBP compared with
those with poor outcome (131 vs 140 mm Hg, P<0.0001; 160
vs 170 mm Hg, P<0.0001; table 3). Similarly, in the subgroup
of patients with achieved recanalization (TICI 2b–3) and with
complete recanalization (TICI 3): patients with good outcome
had again lower median of SBP (131 vs 140 mm Hg, P<0.0001;
130 vs 139 mm Hg, P=0.0004, table 3). Patients with good
outcome were also significantly younger and more frequently
treated with IVT, had lower admission NIHSS, less frequently
arterial hypertension, atrial fibrillation, and diabetes (table 1).
In the subgroup analysis, patients with a median of
SBP <140 mm Hg had significantly better clinical outcome and
lower 3-month mortality (table 2), whereas no significant difference was found in the recanalization times and rates between
both analyzed subgroups. Similarly, the rate of ICH and SICH did
not differ between the patients with a median of SBP <140 mm
Hg and ≥140 mm Hg (27.4% vs 30.6%, P=0.980) (table 2).
Patients with SICH had a similar median of SBP and DBP within
the first 24 hours after MT compared with those without SICH
(table 4).
Univariate logistic regression analysis showed median of SBP
(P<0.0001, OR: 0.976, 95% CI: 0.966 to 0.0986), median of
maximal recorded SBP (P<0.0001, OR: 0.979, 95% CI: 0.972 to
0.986), and DBP (P=0.008, OR: 0.986, 95% CI: 0.976 to 0.996)
as independent predictors of good outcome after MT (table 5).
Similar results were shown also in the subgroup of patients
with achieved recanalisation (TICI 2b–3) and with complete

recanalization (table 5). A multivariate regression model with
adjustment for potential confounders showed a median of DBP
(P=0.024, OR: 0.977, 95% CI: 0.957 to 0.997) as a predictor of
a good 3-month clinical outcome only (table 6). In the subgroup
analysis, a median of maximal recorded SBP (P=0.038, OR:
0.990, 95% CI: 0.981 to 0.999) was shown as a predictor in the
patients with achieved recanalization (TICI 2b–3) and a median
of maximal recorded DBP (P=0.046, OR: 0.984, 95% CI: 0.969
to 1.000) in the patients with complete recanalization (table 6).

Discussion

Results of our study showed that AIS patients with a good
3-month outcome after MT had significantly lower SBP values
within the first 24 hours after recanalization intervention. Patients
with a median of SBP <140 mm Hg had significantly better clinical outcome and a lower 3-month mortality. Post-treatment
SBP and DBP were found as independent predictors of good
outcome and our results support the previously reported data
Table 4 Comparison of patients with SICH and without SICH after
mechanical thrombectomy
Parameter

SICH patients

Non-SICH patients P value

N (males, %)

35 (20,57)

649 (327, 50)

0.436

Age (years, mean±SD)

72.0±8.7

71.0±12.6

0.264

Admission NIHSS (median, range) 18 (5–42)

16 (2–36)

0.095

Prior IV thrombolysis (n, %)

24 (68.6%)

492 (75.8%)

0.333

SBP (median, range)

130 (100–164)

135 (60–180)

0.813

DBP (median, range)

69 (46–86)

70 (40–102)

0.590

Maximal SBP (median, range)

175 (135–230)

165 (130–250)

0.029

Maximal DBP (median, range)

90 (72–118)

90 (56–198)

0.862

DB, diastolic blood pressure, ICA, internal carotid artery, IV, intravenous,
MCA, middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale;
SBP, systolic blood pressure; SICH, symptomatic intracerebral hemorrhage.
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Table 5 Univariate logistic regression analysis for identification of independent predictors of a good 3-month clinical outcome: subgroup analysis
of all patients, patients with achieved recanalization (TICI 2b–3), and complete recanalization (TICI 3)
Subgroup

All patients

Variable

P value

OR

95% CI

P value

OR

95% CI

Age

<0.0001

0.968

0.956 to 0.981

<0.0001

0.968

0.954 to 0.983

NIHSS

<0.0001

0.897

0.873 to 0.921

<0.0001

0.895

0.869 to 0.922

0.001

0.560

0.398 to 0.790

0.0004

0.511

0.352 to 0.741

<0.0001

0.466

0.325 to 0.667

0.003

0.534

0.040

0.728

0.538 to 0.985

0.113

0.761

Diabetes mellitus
Hypertension
Atrial fibrillation
IV thrombolysis

TICI 2b–3 patients

TICI 3 patients
P value

OR

95% CI

0.0004

0.971

0.955 to 0.987

<0.0001

0.892

0.864 to 0.921

0.0003

0.465

0.308 to 0.702

0.354 to 0.805

0.009

0.540

0.340 to 0.857

0.542 to 1.067

0.183

0.774

0.530 to 1.129

0.0001

2.037

1.424 to 2.915

0.002

1.893

1.264 to 2.834

0.001

2.129

1.361 to 3.332

<0.0001

0.995

0.993 to 0.997

<0.0001

0.995

0.993 to 0.998

0.0001

0.995

0.993 to 0.998

0.0005

0.028

0.004 to 0.208

0.0004

0.026

0.004 to 0.195

0.001

0.030

0.004 to 0.224

Median SBP

<0.0001

0.976

0.966 to 0.986

<0.0001

0.975

0.964 to 0.986

0.0004

0.977

0.965 to 0.990

Median max. SBP

<0.0001

0.979

0.972 to 0.986

<0.0001

0.979

0.971 to 0.987

<0.0001

0.980

0.971 to 0.988

Median DBP

0.097

0.987

0.971 to 1.002

0.195

0.988

0.970 to 1.006

0.815

0.998

0.977 to 1.018

Median max. SBP

0.008

0.986

0.976 to 0.996

0.010

0.984

0.972 to 0.996

0.012

0.983

0.970 to 0.996

Recanalization time
SICH

CI, CI interval, DBP, diastolic blood pressure, max., maximal, MT, mechanical thrombectomy, NIHSS, National Institutes of Health Stroke Scale, OR, odds ratio, SBP, systolic blood
pressure, SICH, symptomatic intracerebral hemorrhage, TICI, Thrombolysis in Cerebral Infarction Scale

from recent studies.5–7 Furthermore, the associations between a
higher admission SBP and a lower likelihood of 3-month favorable functional outcome and increased final infarction volume
after MT were reported recently.16
Despite limited evidence on BP levels during and after MT,
our findings may support an importance of BP levels in the
management after MT. Clear and reliable recommendations for
the management of BP in patients with AIS, who undergo MT,
have not yet been established and most centers do not have a
standardized protocol for BP treatment after MT.8–11 Thus we
suggest that our findings might contribute to a large discussion
on optimal BP management after MT. A recent survey among US
centers showed that the majority tended to lower BP levels in
patients with successful recanalization and kept higher BP levels
in those with unsuccessful recanalization.11
In the subgroup of our patients without achieved recanalisation (TICI <2b), no significant difference was found in SBP levels
between those with good and poor outcome (table 3). These
findings contradict a generally accepted paradigm that higher BP

maintains collateral perfusion in the case of persistent cerebral
arterial occlusion. Our results support a previously reported association between increased SBP and DBP levels in non-recanalized
patients and a higher likelihood of 3-month mortality and poor
outcome.6 We did not analyze patients with the recanalization
grade of TICI 2b and 2c individually, thus we were not able to
evaluate whether patients with incomplete recanalization required
really higher BP levels to maintain collateral perfusion. In addition, a multivariate regression model with adjustment for potential confounders showed a median of maximal SBP as a significant
predictor of good outcome in the patients with achieved recanalization (TICI 2b–3), but not the median of SBP. Furthermore, in
the patients with complete recanalization (TICI 3), the multivariate
model did not show either SBP variable as a predictor of good
outcome (table 6). This may be explained by a previously reported
finding that variability of BP with higher maximal SBP peaks,
supporting and maintaining collateral perfusion in patients with
incomplete recanalization (TICI 2b–c), is strongly associated with
poor outcome.5 17 18 It can be also speculated that the previously

Table 6 Significant predictors of a good 3-month clinical outcome in multivariate logistic regression model adjusted for age, admission NIHSS,
arterial hypertension, diabetes mellitus, atrial fibrillation, pretreatment IVT, admission glycemia, recanalization time (onset to maximal achieved
recanalization time), SICH, medians of SBP and DBP, and medians of maximal SBP and DBP. Subgroup analysis of all patients, patients with achieved
recanalization (TICI 2b–3), and complete recanalization (TICI 3)
Subgroup

All patients

TICI 2b–3 patients

TICI 3 patients

Variable

P value

OR

95% CI

P value

OR

95% CI

P value

OR

95% CI

Age

<0.0001

0.959

0.942 to 0.976

0.001

0.970

0.952 to 0.988

0.002

0.967

0.947 to 0.987

Admission NIHSS

<0.0001

0.898

0.870 to 0.927

<0.0001

0.900

0.871 to 0.931

<0.0001

0.891

0.859 to 0.925

Admission glycemia

0.0001

0.839

0.767 to 0.918

0.001

0.861

0.785 to 0.944

0.0004

0.828

0.745 to 0.919

IV thrombolysis

0.003

1.985

1.255 to 3.140

0.015

1.811

1.122 to 2.923

0.005

2.137

1.250 to 3.653

Recanalization time

<0.0001

0.995

0.993 to 0.997

0.0001

0.995

0.992 to 0.997

0.0001

0.994

0.991 to 0.997

SICH

0.0005

0.055

0.007 to 0.425

0.010

0.066

0.008 to 0.522

0.004

0.049

0.006 to 0.385

Median max. SBP

NS

0.038

0.990

0.981 to 0.999

NS

Median DBP

0.024

Median max. DBP

NS

0.984

0.969 to 1.000

0.977

0.957 to 0.997

NS

NS

NS

0.046

DBP, diastolic blood pressure; IV, intravenous; MT, mechanical thrombectomy, max., maximal; NIHSS, National Institutes of Health Stroke Scale; NS, not significant;
SBP, systolic blood pressure; SICH, symptomatic intracerebral hemorrhage; TICI, Thrombolysis in Cerebral Infarction Scale.
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reported significant decline of SBP within the first 8–12 hours after
successful recanalization might have some potential effect.19
In the patients with complete recanalization, the multivariate
regression model showed the median of maximal DBP as a significant predictor for good outcome (table 6). We may hypothesize
that elevated DBP does not principally support cerebral collateral perfusion, but it is more likely associated with pre-treatment
diseases (poorly controlled arterial hypertension, diabetes mellitus,
atrial fibrillation, ischemic cardiopathy, renal failure) that are
common independent predictors for worse outcome after MT.20 21
No association between the occurrence of SICH and BP levels
after MT was found and our finding supports the previous report
of Goyal et al,5 but it contradicts the reported data of Mistry et
al.7 In spite of this, we admit that the low number of our patients
with SICH might affect our findings. It can be hypothesized
that BP levels during intervention and immediately after the end
of MT may be more important for the risk of SICH.5 IVT may
also increase the risk of SICH, but the combination of MT with
previous IVT did not increase the risk of SICH in our patients
(table 4). Likewise in the positive randomized trials1 and the rate
of SICH in our study (5%) was similar to the reported from the
HERMES meta-analysis (4.4%).1
The presented study has limitations. A retrospective observational analysis was used in the presented study. BP values during
the intervention were not collected, a BP value recorded at the
patient's admission to ICU after performed MT was the first
collected for our analysis. Nevertheless, a recent post-hoc analysis
of the Sedation vs. Intubation for Endovascular Stroke Treatment
trial showed no association between the difference in SBP, DBP,
and mean arterial pressure from baseline to the different phases of
thrombectomy intervention and NIHSS change after 24 hours.22
Moreover, no association was found between BP drops during
intervention and a change in mRS at 3 months.22
Although most of our patients were treated for hypertension
after MT with intravenously administered urapidil, some patients
were treated also with other medicaments. Our study was focused
on clinical outcomes specifically and no additional imaging analysis
was performed to assess the possible relationship between infarct
and penumbral volumes and BP levels.
In conclusion, our study demonstrates that patients with lower
BP levels within the first 24 hours after MT may have better clinical
outcome and lower 3-month mortality. In the absence of evidence
from clinical trials, missing reliable recommendations, and different
management of BP among endovascular centers worldwide,
a further large multicenter prospective study is strongly warranted.
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