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Abstract

Introduction: Spontaneous blood pressure drop within the first 24 h has been reported following arterial recanalisa-
tion in ischaemic stroke patients. We aimed to assess if spontaneous blood pressure drop within the first hour after
mechanical thrombectomy is a marker of early neurological recovery.

Patients and methods: Retrospective observational single-centre study including ischaemic stroke patients treated
with mechanical thrombectomy. Blood pressure parameters from admission, mechanical thrombectomy start, mechan-
ical thrombectomy end and hourly within 24 h after mechanical thrombectomy were reviewed. Primary outcome was
early dramatic neurological recovery (8-point-reduction in NIHSS or NIHSS <2 at 24 h). Secondary outcome was
functional independence at 90 days (mRankin 0-2).

Results: We included 458 patients in our analysis. Two-hundred (43.7%) patients achieved dramatic neurological
recovery following mechanical thrombectomy. One hour after mechanical thrombectomy end, median systolic blood
pressure was significantly different between outcome groups (129 vs. 138 mmHg, p = 0.005) and a higher drop in median
systolic blood pressure was seen in the dramatic neurological recovery group (15 vs. 9 mmHg). Optimal cut-off for
predicting dramatic neurological recovery was a systolic blood pressure drop of 10.5 mmHg (sensitivity 0.54, specificity
0.55, AUC 0.55). On multivariate analysis, spontaneous systolic blood pressure drop was associated with higher odds of
achieving dramatic neurological recovery (OR for 10 mmHg blood pressure drop .14, 95% Cl 1.01-1.29, p =0.04). No
significative association between any blood pressure parameter drop and functional independence at 90 days was found.
Discussion: We hypothesised that spontaneous systolic blood pressure drop is a marker of successful reperfusion and,
therefore, a marker of improvement of cerebral autoregulation due to the reduced final ischaemic core.
Conclusion: Spontaneous systolic blood pressure drop after mechanical thrombectomy is an early predictor of dra-
matic neurological recovery.
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Introduction

Between 60% and 80% of acute ischaemic stroke
patients have elevated blood pressure (BP) values at
presentation.' It is hypothesised that this increased
BP could represent compensatory response to ensure
cerebral blood flow to the ischaemic penumbra.’
Ischaemic stroke patients with successful recanalisation
demonstrate a linear relationship with BP, with more
favourable outcomes occurring at lower BP.? Few stud-
ies have demonstrated a spontancous rapid normalisa-
tion of BP measurement following arterial
recanalisation in patients with intravenous tissue plas-
minogen activator (IV-tPA) and mechanical thrombec-
tomy (MT).*® Therefore, we hypothesise that earlier
normalisation of BP after recanalisation may correlate
with earlier reperfusion of ischaemic penumbra. There
are few known clinical predictors of early recovery and
good outcome after MT besides clinical neurological
recovery within the first 30 min after MT’ which can
be difficult to evaluate due to the anaesthetic and sed-
ative medication usually administered during the
procedure.

We aimed to assess whether this spontaneous
BP drop within the first hour after MT is an
immediate surrogate marker of early neurological
recovery.

Methods

Patient population

We performed a retrospective study of a continuously
acquired prospective single-centre database of acute
ischaemic stroke patients due to large vessel occlusion
and treated with mechanical thrombectomy between
January 2017 and February 2019. All MT procedures
were  performed using endovascular  devices
comprising stent retrievers, aspiration catheters or
both. After MT, patients were admitted to a stroke
unit and had their neurological status monitored or
were admitted in the intensive care unit when
necessary due to intubation before or during proce-
dure. Patients admitted to the stroke unit in this
centre had hourly BP measurements within the first
24 h after the procedure.

Only patients admitted to the stroke unit with at
least one BP measurement before EVT and one BP
measurement within 1 h after EVT end were included.
We excluded patients admitted to the intensive care
unit as individual BP measurements after MT could
not be retrospectively reviewed in those cases. BP was
monitored non-invasively using electronic monitoring
devices.

Primary and secondary outcome

Our primary outcome was dramatic neurological
recovery, defined as a National Institute of Health
Stroke Scale (NITHSS) of 2 or less at 24 h after throm-
bectomy or a decrease of at least 8 points from baseline
NIHSS within 24 h. The secondary outcome was func-
tional independence at 90 days defined by a modified
Rankin scale (mRS) 0-2.

BP parameters

Systolic (SBP) and diastolic blood pressure (DBP) were
measured at admission, at MT start (in the angio suite,
before arterial puncture), after the best possible angi-
ography outcome was reached (MT end) and then
hourly for the first 24h. Median SBP, median DBP
and median MAP (mean arterial pressure) were calcu-
lated and compared between dramatic neurological
recovery and no-dramatic neurological recovery
group. As our hypothesis was that spontaneous early
blood pressure drop after MT would predict a better
outcome, we focused on the variability in median SBP,
median DBP and median MAP within the first hour
after MT. Therefore, we calculated median differences
of SBP, DBP and MAP between MT start and end as
well as between MT start and 1h after MT end.

Clinical parameters

Demographic and clinical data (sex, age, previous
mRS <2, hypertension, dyslipidaemia, diabetes melli-
tus, smoking habits, atrial fibrillation, previous stroke,
ischaemic heart disease, NIHSS at admission, occlusion
site, ASPECTS — Alberta stroke programme early CT
score, anaesthesia technique, IV-tPA administration,
TICI — thrombolysis in cerebral infarction, and time
of symptom onset to recanalisation) were collected
(Table 1). Administration of any vasoactive treatment
(labetalol, urapidil, fluid replacement therapy, nor-
adrenaline or arterial nimodipine, before, during
and after EVT procedure) was performed at the
discretion of the treating physicians, according to
international guidelines,® and was also recorded.
Successful recanalisation was deemed as TICI>2b.
Haemorrhagic transformation of ischaemic infarct
was evaluated at the 24h CT and classified according
to European Co-operative Acute Stroke Study-II
(ECASS-II) criteria.

Statistical analysis

We presented the numerical variables as medians and
interquartile ranges (IQR). Categorical variables were
presented as frequencies and percentages. Significance
of intergroup differences was assessed using the
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Table 1. Clinical and demographic characteristics, per outcome group.

Dramatic No dramatic
Total neurologic recovery neurologic recovery
(n=458) (n=200/43.7%) (n=258/56.3%) p value

Male sex, n (%) 246 (53.7) 110 (55.0) 136 (52.7) 0.64
Age, median (IQR) 75 (65-83) 73 (61-8l) 76.5 (67.5-83) 0.03
Previous mRS <2, n (%) 433 (94.5) 188 (94) 245 (95.0) 0.68
Hypertension, n (%) 317 (69.7) 135 (67.8) 182 (71.1) 0.47
Dyslipidaemia, n (%) 209 (46.1) 89 (45.2) 120 (46.9) 0.78
Diabetes mellitus, n (%) 100 (22) 31 (15.6) 69 (27.0) 0.004
Smoker, n (%) 100 (22) 41 (20.5) 56 (21.9) 0.36
Atrial fibrillation, n (%) 132 (29) 61 (30.7) 71 (27.7) 0.53
Previous stroke, n (%) 46 (10.4) 23 (11.9) 23 (9.2) 0.31
Ischaemic heart disease, n (%) 71 (15.6) 20 (10.1) 51 (19.9) 0.004
NIHSS at admission, n (%) 17 (11-20) 17 (12-20) 16 (11-20) 0.39
Occlusion site, n (%) 0.71

ICA 92 (20) 35 (17.5) 57 (22.1)

MCA MI 227 (49.6) 98 (49) 129 (49.6)

MCA M2 (proximal) 94 (20.5) 45 (22.5) 49 (19)

ACA Al 6 (1.3) 42 2(1)

Basilar 29 (6.3) 13 (6.4) 16 (2.3)

PCA PI 10 (2.2) 5 (2.04) 5(2.5)
ASPECTS, n (%) 0.003

<5 10 (3.3) 2 (1.9) 8 (4.0)

6-7 39 (12.9) 5 (4.8) 34 (17.2)

8-10 253 (83.8) 97 (93.3) 156 (78.8)
Anaesthesia, n (%) 0.09

Local 201 (48) 98 (52.7) 103 (43.6)

Sedation 186 (44.1) 75 (40.3) 111 (47.0)

General 35 (8.3) 13 (7.0) 22 (9.3)
IV-tPA, n (%) 193 (43.9) 99 (51.3) 94 (38.1) 0.007
TICI 2b-3, n (%) 388 (85.7) 187 (94.4) 201 (78.8) <0.001
Time of symptom onset to recanalisation (min) 263 (188-395) 250.5 (178-380) 281 (201-407) 0.04
Any vasoactive treatment, n (%)* 54 (15.8) 14 (9.7) 40 (20.4) 0.007
Haemorrhagic transformation (ECASS Il), n (%) <0.001

HIl 32 (7) 9 (4.7) 23 (9.1)

HI2 20 (4.4) 2 (1.0 18 (7.1)

PHI 13 (2.8) 5 (2.6) 8(3.2)

PH2 12 (2.6) 0 (0) 12 (4.7)

HSA 10 (2.2) 5(2.6) 4 (1.6)

Remote 15 (3.3) 5(2.6) 10 (3.9)

*Vasoactive treatments: labetalol, urapidil, fluid replacement, noradrenaline, intra-arterial nimodipine.
ICA: internal carotid artery; MCA: middle cerebral artery; ACA: anterior cerebral artery; PCA: posterior cerebral artery; ASPECTS: Alberta stroke

programme early CT score; IV-tPA: intravenous tissue plasminogen activator.

Mann—Whitney U test and Fisher exact test, as appro-
priate. For the primary outcome, logistic regression
was used to predict odds of dramatic neurological
recovery for each BP parameter. For each BP param-
eter, optimal cut-off values for variability (drops) were
estimated using the receiver operating characteristic
(ROC) curves and defined as the point closest to
sensitivity =1 and specificity=1 (corresponding to
the maximum Liu index). Independent predictors of
dramatic neurological recovery after MT were deter-
mined using multivariate logistic regression. Variables

with a p value < 0.05 were used in the subsequent mul-
tivariate analysis. A model was computed for each BP
parameter of interest. Odds ratio (OR), confidence
intervals and p-values were reported for significant pre-
dictors. Standard analyses of excessive collinearity
diagnostics were performed, including computation of
pairwise correlation coefficients to assess interdepend-
ence of causal variables, as well as measures of multi-
collinearity, including variance inflation factors, to
determine whether there was a linear association
between >2 predictor variables. For the secondary
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outcome, logistic regression models for each BP param-
eter were computed to predict odds of independent
functional outcome at 90days (mRS <2). Statistical
analyses were performed using SPSS MPI14 (IBM
Corporation, NY).

Results

From the 1993 patients admitted with acute ischaemic
stroke during the study period, 494 (24.7%) patients
were treated with mechanical thrombectomy. We
excluded 19 patients in whom BP measurements
before or within 1h after MT were unavailable and 7
patients in whom 24 h NIHSS data were unavailable
(patients admitted to the intensive care unit).
Therefore, 458 patients were included in the final anal-
ysis. Baseline demographic and clinical characteristics
of dramatic neurological recovery and no dramatic
neurological recovery groups are described in
Table 1. More than two-fifths (n=200, 43.7%) of
patients achieved dramatic neurological recovery
following treatment with MT. Patients who achieved
dramatic neurological recovery were younger (73.0 vs.
76.5 years old, p =0.03), had less often diabetes mellitus
(15.6 vs. 27.0%) and ischaemic heart disease (10.1 vs.
19.9%), had higher admission CT-ASPECTS (10 vs. 9,
p=0.004) and were more likely to have received treat-
ment with IV-tPA (51.3 wvs. 38.1, p=0.007).
Furthermore, successful recanalisation (TICI 2b-3)
was achieved more often (94.4 vs. 78.8%, p=0.001)
and earlier (median, 30.5 minutes earlier, p=0.04) in
this group. Patients who needed vasoactive treatment
(including antihypertensive medication) after admis-
sion less frequently achieved dramatic neurological
recovery (9.7 vs. 20.4%, p=0.007). Median SBP at
admission in patients who needed vasoactive treatment
was higher (186 mmHg vs. 144mmHg, p<0.001).
There were no significant differences in median SBP
on admission (144 vs. 147mmHg, p=0.31), at MT
start (143 vs. 139 mmHg, p=0.10) and at MT end
(138 vs. 134mmHg, p=0.07) between the dramatic
neurological recovery and no-dramatic neurological
recovery group, respectively. Median DBP (75 vs.
72mmHg, p=0.06) and median MAP (97 vs.
95mmHg, p =0.04) were higher in the dramatic neuro-
logical recovery group at MT start but no significant
differences were found on median DBP and median
MAP at admission and at MT end. One hour after
MT end, median SBP was significantly different
between outcome groups (129 vs. 138 mmHg,
p=0.005) and a higher spontaneous drop in median
SBP was seen in the dramatic neurological recovery
group (15 vs. 9mmHg). Median MAP was also signif-
icantly lower in the dramatic neurological recovery
patients (90 vs. 96 mmHg, p=0.007) and a trend

toward lower DBP was also detected (70 wvs.
74mmHg, p=0.06). Median SBP and median MAP
were the BP parameters that consistently continued to
decrease in patients achieving dramatic neurological
recovery until 12h after MT end. Table 1 of
Supplementary Material summarises the BP parameters
trends by dramatic neurological recovery and no-
dramatic neurological recovery groups, from admission
to 24h after MT end. Figure 1 shows overall median
SBPs at MT start and 1h after per achieved recanalisa-
tion degree. Figure 2 shows overall median SBPs at MT
start and after 1 h, per achieved recanalisation degree
and neurological outcome. Interestingly, in patients who
did not achieve successful recanalisation (TICI 0-2a),
spontaneous SBP drop occurred in a non-significantly
higher proportion of patients with dramatic neurological
recovery (n="7, 28% vs. n=3, 11.5%, p=0.17). We did
not find any significative association between functional
independence at 90days and spontaneous SBP drop
(OR 1.00, CI 0.99-1.00, p=0.46), spontanecous DBP
drop (OR 1.00, CI 0.99-1.01, p=0.76) or spontaneous
MAP drop (OR 1.00, CI 0.99-1.01, p =0.62).

For each BP parameter, the optimal cut-off of blood
pressure drop for prediction of dramatic neurological
recovery was 10.5mmHg for SBP (sensitivity 0.54; spe-
cificity 0.55, area under ROC curve 0.55), 10.5 mmHg for
DBP (sensitivity 0.38, specificity 0.70, area under ROC
curve 0.54) and 8 mmHg for MAP (sensitivity 0.51, spe-
cificity 0.56, area under ROC curve 0.54). On multivar-
iate analysis, after adjustment (Table 2), SBP drop
remained as an independent predictor of achieving dra-
matic neurological recovery (OR 1.14 per 10 mmHg,
95% CI 1.01-1.29, p=0.04). Figure 3 shows the ROC
curve of this logistic model (area under the curve 0.79,
sensitivity 0.67, specificity 0.79, positive predictive value
0.70, negative predictive value 0.76).

Discussion

The main finding of our study is that spontaneous SBP
drop early after MT is an independent predictor of
early dramatic neurological recovery. There are several
studies demonstrating that recanalisation is not equal
to reperfusion, being the latter a better predictor of
good outcome.”'? Furthermore, there are reports of
absence of reperfusion in recanalised patients (due
to severe damaged microcirculation) and reperfusion
in up to 30% of non-recanalised patients (due to col-
lateral circulation)."' A recent study using transcranial
Doppler performed immediately after MT found early
postprocedural changes of cerebral haemodynamics
after recanalisation and suggested that other factors
besides recanalisation can have impact in clinical recov-
ery.'?> We hypothesised that early (1 h after recanalisa-
tion) spontaneous SBP drop is a marker of successful
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reperfusion and, therefore, a marker of improvement of
cerebral autoregulation due to the reduced final ischae-
mic core.

Our results are in line with previous studies that
report a correlation between recanalisation degree
and BP decline after successful recanalisation.*®
Also, studies that have evaluated changes in BP 24h
after MT? report an inverse correlation of BP and good
outcome (mRankin <2 after 90days) in successfully

recanalised patients. The most relevant finding of this
work is that we have identified that SBP drop early
after MT is a clinical biomarker of early recovery.
This finding is also supported by the fact that lower
SBPs from the Ist until the 24th hour after MT were
associated with better outcome in this cohort (Table 1
of Supplementary Material).

Previous studies have reported association of BP
variability after MT with poor outcome'*'> but this
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Table 2. Predictors of dramatic neurological recovery after MT.
Dramatic neurological recovery (n=200/458)

Drop (MT start-1 h after end) OR (95% ClI) p value Adjusted OR (95% ClI)* p value
Model |

SBP, per 10 mmHg 1.09 (1.02-1.16) 0.01 I.14 (1.01-1.29) 0.04
Model 2

DBP, per 10 mmHg 1.13 (1.01-1.26) 0.03 1.01 (0.82-1.25) 0.92
Model 3

MAP, per 8 mmHg 1.06 (0.99-1.14) 0.11 1.08 (0.93—1.26) 0.31

?Adjusted to age, diabetes mellitus, ischaemic heart disease, Alberta stroke programme early CT score (ASPECTS), intravenous tissue plasminogen
activator, recanalisation (TICI 2b-3), vasoactive treatment after admission, time-to-recanalisation (minutes) and haemorrhagic transformation (any).

Sensitivity
0.50 0.75 1.00
1 1 J

0.25
L

3
.00 0.25

0.50

1 - Specificity

Area under ROC curve = 0.7915

Figure 3. ROC curve of the multivariate logistic model for prediction of dramatic neurological recovery including SBP (drop per
10 mmHg) as an independent predictor. The area under the curve (0.79) indicates good discrimination ability. Sensitivity 0.67,
specificity 0.79, positive predictive value (PPV) 0.70, negative predictive value (NPV) 0.76.

association was only verified in patients without suc-
cessful recanalisation or with successful recanalisation
but poor collaterals. If recanalisation is not achieved,
the ischaemic area is more susceptible to BP changes
due to the impaired cerebral autoregulation.
Furthermore, one additional hypothesis could be
that, in these patients, large infarct cores with disturbed
cerebral autoregulation induce dysfunctional BP
changes. Additionally, we found that a subgroup of
patients without successful recanalisation and dramatic
neurological recovery presented SBP drop 1 h after
mechanical thrombectomy. Our hypothesis is that
these patients have good collaterals, which would be
associated with fast effective reperfusion and small
infarct core, leading to an earlier haemodynamic nor-
malisation. Unfortunately, we do not have data of

collateral circulation status from our patients to con-
firm this hypothesis.

We could not find any association of BP drop
with three months functional outcome at 90days
(mRS). After the initial effect of reperfusion, there
may be several factors that influence three months
outcome (including rehabilitation outcomes, complica-
tions and recurrences) which may obscure the effect of
the SBP drop.

To remark, the association of SBP drop with good
outcome was only seen from 1 h after the end of the
MT and not immediately after MT. Our hypothesis is
that the latter rather reflects BP drop during the MT,
which can impair perfusion of the penumbra core
before recanalisation and, instead, be associated with
poor outcome.'"™'* Therefore, a delay in recovery of
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autoregulation in stroke patients of at least 1 h after
reperfusion may occur. However, we should acknowl-
edge that this can be apparent sooner, but we are not
able to demonstrate it because we do not have system-
atic BP measurements before 1 h after MT. Although
we do believe that the BP drop results from the re-
establishment of cerebral autoregulation, we cannot
fully exclude a reverse causal relation, in which the
dramatic neurological recovery would be a result of
the reduced blood pressure.

Although this study was not designed to assess the
effect of vasoactive medication administration after
admission (including during MT), we found a signifi-
cant negative association between administration of
vasoactive medication and dramatic neurological
recovery at 24h. Most of these patients were treated
with labetalol or urapidil to meet the recommended BP
intervals before IV-tPa or MT and after recanalisation.
The worse prognosis could be explained by a deleteri-
ous effect of the drugs themselves, but also by a higher
rate of symptomatic haemorrhagic transformation or,
in line with our results, by a persistent high BP (above
guidelines thresholds) which is correlated with worse
outcome. Also, it could be related to the BP variability
during the procedure, which has been proposed in sev-
eral studies as a marker of worse outcome.'®"® Our
logistic regression was adjusted for vasoactive medica-
tion administration, thereby reducing the potential bias
of this confounder. Furthermore, our data does not
support the benefit of drug-induced BP lowering after
MT, because in our patients the BP drop was
spontaneous.

One of the major strengths of this study is that most
of the patients were not submitted to general anaesthe-
sia during procedure, reducing the potential bias of the
effect of anaesthetic medication on BP. Another
strength is the fact that the measuring and registering
of BP hourly for the first 24 h in these patients are a
standard protocol which improves the quality of the
collected data.

Our study has some limitations. It is a retrospective
study, although data were collected from a prospective-
ly created stroke registry of all patients treated with
MT in a comprehensive stroke centre. Patients admit-
ted to the intensive care unit after MT were excluded
due to of lack of available data, creating a potential
selection bias. Although these patients are usually the
most severely affected and haemodynamically instable,
they were scarce in this cohort and we believe that it
does not significantly influence our results. We did not
access for the potential effect of anaesthetics on BP, the
percentage of patients submitted to general anaesthesia
was not significantly different between the compared
groups and protocol used to perform general anaesthe-
sia is usually the same in all the patients at this centre.

Also, data on collateral status were not analysed. The
results of this study are based on non-invasive BP
measurements that may be less accurate that invasive
BP measurements not routinely performed at this
centre.

In our study, some established worse outcome pre-
dictors, such as older age, diabetes and lower
ASPECTS, were associated with less probability of
achieving dramatic neurological recovery. Although
we adjusted for these confounders in the multivariate
logistic regression models, persistent confounding by
other non-measured variables, as collateral status,
cannot be excluded.

Conclusion

Spontaneous SBP drop 1 h after mechanical thrombec-
tomy is an early and independent predictor of good
outcome.
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