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ABSTRACT: Objective: The study was conducted to test the hypothesis that nitroglycerin (NTG) increases cerebral perfusion
focally and globally in acute ischemic stroke patients, using serial perfusion-weighted imaging (PWI) magnetic resonance imaging
measurements. Patients and methods: Thirty-five patients underwent PWI immediately before and 72 h after administration of a
transdermal NTG patch or no treatment. Patients with baseline mean arterial pressure (MAP)> 100 mmHg (NTG group, n= 20) were
treated with transdermal NTG (0.2 mg/h) for 72 h, without a nitrate-free interval. Patients with MAP≤ 100 mmHg (untreated group,
n= 15) were not treated. The primary outcome measure was absolute cerebral blood flow (CBF) in the hypoperfused region at 72 h.
Results: The mean baseline absolute CBF in the hypoperfused region was similar in the NTG group (33.3± 10.2 ml/100 g/min) and
untreated (32.7± 8.4 ml/100 g/min, p= 0.4) groups. The median (IQR) baseline infarct volume was 10.4 (2.5–49.3) ml in the NTG group
and 32.6 (8.6–96.7) ml in the untreated group (p= 0.09). MAP change in the NTG group was 1.2± 12.6 and 8 ± 20.7 mmHg at 2 h and
72 h, respectively. Mean absolute CBF in the hypoperfused region at 72 h was similar in the NTG (29.9± 12 ml/100 g/min) and untreated
groups (24.1± 10 ml/100 g/min, p= 0.8). The median infarct volume increased in untreated (11.8 (5.7–44.2) ml) than the NTG group
(3.2 (0.5–16.5) ml; p= 0.033) on univariate analysis, however, there was no difference on regression analysis. Conclusion: NTG was not
associated with improvement in cerebral perfusion in acute ischemic stroke patients.

RÉSUMÉ : L’utilisation de nitroglycérine n’est pas associée à une perfusion cérébrale améliorée chez des patients victimes d’AVC ischémiques
aigus. Objectif : Cette étude a été effectuée afin de tester l’hypothèse suivant laquelle la nitroglycérine (NG) permet d’augmenter tant de manière focale
que générale la perfusion cérébrale chez des patients ayant été victimes d’un AVC ischémique aigu. Pour ce faire, nous avons fait appel à des mesures
obtenues lors d’examens d’IRM sérielle pondérée pour la perfusion. Patients et méthodes : Au total, 35 patients ont subi un tel examen immédiatement
avant de recevoir un timbre transdermique de NG, 72 heures après l’avoir reçu ou bien encore sans en avoir bénéficié. À noter que les patients dont la
pression artérielle moyenne (PAM) de base dépassait les 100 mmHg (n = 20 pour le groupe NG) ont été traités au moyen d’un tel timbre (0,2 mg/h)
pendant 72 heures sans qu’on ait fait de pause dans le traitement. C’est donc dire que les patients dont la PAM de base était égale ou inférieure à
100 mmHg n’ont pas reçu ce traitement (n = 15 pour ce groupe). Le principal résultat mesuré dans le cadre de cette étude a donc été la perfusion cérébrale
absolue dans la région hypo-perfusée, et ce, au bout de 72 heures. Résultats : La PAM de base absolue dans la région hypo-perfusée du groupe NG
(33,3± 10,2 ml/100 g/min) a été similaire à celle du groupe de patients non traités (32,7± 8,4 ml/100 g/min ; p = 0,4). Le volume médian (EI) des infarctus
au départ était de 10,4 ml (2,5–49,3) dans le groupe NG et de 32,6 ml (8,6–96,7) dans le groupe de patients non traités (p = 0,09). Au bout de 2 heures et de
72 heures respectivement, les changements à la PAM de base ont été de 1,2± 12,6 mmHg et de 8± 20,7 mmHg pour le groupe NG. La perfusion cérébrale
moyenne absolue dans la région hypo-perfusée au bout de 72 heures a été semblable d’un groupe à l’autre (NG = 29,9± 12 ml/100g/min ; patients non
traités = 24,1± 10 ml/100g/min ; p = 0,8). À la suite d’une analyse univariée, on a certes noté que le volume médian d’infarctus avait augmenté davantage
au sein du groupe de patients non traités (11,8 ml [5,7–44,2]) que du groupe NG (3,2 ml [0,5–16,5]) ; p = 0,033). Cela dit, une analyse de régression n’a en
fin de compte montré aucune différence. Conclusion : L’administration de timbres de ND n’a donc pas été associée à une amélioration de la perfusion
cérébrale chez des patients victimes d’un AVC ischémique aigu.
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INTRODUCTION

Cerebral blood flow (CBF) is focally reduced in acute ische-
mic stroke patients, within the infarct core and the penumbra.
Pharmacological agents that lower blood pressure (BP) are

generally avoided in acute stroke, due to concerns that they
might exacerbate this hypoperfusion.1 Nevertheless, high BP in
the acute phase is associated with poor functional outcomes due
to lower revascularization rates, decreased collateral flow on
baseline angiography, and hemorrhagic transformation.2–4
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Nitroglycerin (NTG) is a vasodilator that has a mild antihy-
pertensive effect. Randomized trials have demonstrated that
transdermal NTG may reduce BP in both ischemic stroke and
intracerebral hemorrhage in ultra-early, early, and subacute
phase.5–7 NTG is a nitric oxide donor with other properties,
including an antiplatelet effect and prevention of ischemia-
induced apoptosis. Experimental stroke models have observed
that nitric oxide donors reduce cerebral infarct volume and
increase cortical CBF.8,9 In healthy human volunteers, NTG leads
to a decrease in mean arterial pressure and an increase in cerebral
perfusion pressure (CPP) without any change in hemispheric
CBF.10,11 In a randomized controlled trial in patients with recent
stroke, transdermal NTG maintained CBF in infarct core, penum-
bra, and ipsilateral hemisphere despite 14% systolic BP reduction
after 1 h.6 It is unknown if CBF is maintained beyond 1 h or if
NTG is associated with an increase in CBF in hypoperfused
tissue as described experimentally.8,9 We tested the hypothesis
that NTG increases cerebral perfusion focally and globally in
acute ischemic stroke patients, using serial perfusion-weighted
magnetic resonance imaging (PWI-MRI) measurements.

In order to minimize the potential for decreased CPP,
treatment with NTG was stratified by baseline mean arterial
pressure (MAP). Current guidelines provide systolic and dia-
stolic BP treatment thresholds for acute stroke patients.12 How-
ever, CPP is dependent on MAP, rather than systolic or diastolic
BP alone.13 In acute stroke, systolic BP is elevated in 63% of
patients, but MAP is elevated in only 38%. In patients with
isolated systolic hypertension, treatment may therefore poten-
tially lead to greater falls in MAP and subsequently CPP.14 A
MAP of <100 mmHg is associated with a higher proportion of
in-hospital mortality, inability to ambulate at the time of dis-
charge and failure to return home.15,16

PATIENTS AND METHODS

The Perfusion and Antihypertensive Therapy in Acute Ische-
mic Stroke (PATIS) study was a prospective controlled observa-
tional study of CBF pre- and post-BP treatment in acute ischemic
stroke patients (ClinicalTrials.gov Identifier: NCT02327793).
The study was approved by the Human Research Ethics Office,
University of Alberta, Canada (Pro00001847). The first phase
of the study, published previously, was a serial PWI-MRI investi-
gation of the effect of intravenous labetalol and sublingual NTG on
MAP and CBF 30min after treatment.17 In the second phase of the
study, described here, patients with MAP> 100mmHg were
treated with transdermal NTG for 72 h and in those with MAP≤
100 mmHg, no antihypertensive was given. A repeat PWI-MRwas
performed after 72 h.

Inclusion Criteria

Adult patients with acute ischemic stroke presenting within
72 h of symptom onset were eligible. All patients had evidence
of cortical infarction on diffusion-weighted MRI (DWI-MRI).
Partial and total anterior circulation infarcts (PACI), Oxfords
hire Stroke Classification Project (OSCP), as well as posterior
circulation infarcts (POCI) with evidence of cortical infarction in
the territory of the posterior cerebral artery or its branches,
including the occipital and mesial temporal lobes were all eligi-
ble.18 Patients treated with tissue plasminogen activator (tPA) were
eligible.

Exclusion Criteria

Patients were excluded if they had a contraindication (i.e.
known extracranial/intracranial arterial stenosis, high-grade ste-
notic valvular heart disease, or severe renal failure) or definite
indication (i.e. hypertensive encephalopathy or aortic dissection)
for BP reduction. Other exclusion criteria were contraindications
to MRI, allergy to gadolinium contrast, requirement for oxygen
therapy (>4 l/min to keep SpO2 ≥92% by nasal cannulae), sus-
pected hemodynamic stroke mechanism, evidence of significant
mass effect secondary to acute infarction, known allergic reaction
to NTG/labetalol/adhesives in NTG patches/angiotensin-convert-
ing enzyme (ACE) inhibitors/angiotensin receptor blockers, or use
of phosphodiesterase inhibitors such as sildenafil or tadalafil within
12 h of the baseline MRI.

BP Management Protocols

Patients were stratified into two groups based on the baseline
MAP (≥2 readings ≥5 min apart). Patients with MAP> 100mmHg
were treated with transdermal NTG, at a dose of 0.2 mg/h (Nitro-
Dur) for 72 h without a drug-free interval (NTG group). Patients
with MAP< 100mmHg were not treated. All patients had hourly
automated noninvasive BP (Intellivue MP 70 with Standard Multi-
Measurement Server, Philips Healthcare, The Netherlands) moni-
toring for 24 h. For the next 48 h, BP was recorded every 12 h with a
noninvasive BP monitor. On Day 2 of enrolment irrespective of the
groups, if the MAP was >100mmHg (at that time), patients were
administered with oral ACE inhibitors (perindopril 4 mg daily).
Patients with ACE inhibitor intolerance received the angiotensin
receptor blocker, candesartan 4mg daily.

Clinical Assessments

Demographic profile, medical history including antihyper-
tensive medications and Glasgow Coma Scale were recorded in
a case record form. Trained personnel assessed the National
Institute of Health Stroke Scale (NIHSS) scores at baseline,
immediately after the second PWI, at 24 h for 30 and 90 days.
Functional assessment (modified Rankin scale) was performed at
24 h for 30 and 90 days.

Imaging Procedures

Patients underwent an MRI scan within 72 h of stroke onset.
All imaging sequences were repeated 72 h later. Patients were
imaged using an eight-channel phased array radiofrequency head
coil (MRI Devices, Waukesha, WI) on a 1.5-T whole-body
Siemens Sonata MRI scanner (Siemens Medical Systems, Erlan-
gen, Germany). The imaging protocol consisted of a T1-weighted
sagittal localizer, time-of-flight magnetic resonance angiogram
(MRA), gradient recalled echo (GRE), DWI, fluid-attenuated
inversion recovery (FLAIR), and PWI. DWI acquisition para-
meters were: repetition time (TR) of 3 s, spin-echo time (TE) of
86 ms, 8 averages, 128 × 128 matrix base resolution zero-filled to
256 × 256, 22 cm field of view, and slice thickness of 5 mm with
a 1.5 mm inter-slice gap. Isotropic DWI images were obtained by
averaging the b= 1000 signal from all orthogonal directions.
Raw perfusion images were obtained with the administration of
intravenous gadolinium (0.1 mmol/kg; 5 ml/s power injection,
followed by 20ml saline flush 5ml/s, via an 18 g angiocatheter in
an antecubital vein) with echo-planar imaging gradient-echo (T2*)
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images acquired every 1.4 s for 84 s (16 axial slices at each of the
60 time points).

Image Analysis

Anonymized images were post-processed and reviewed by
two raters (MK and KB), who were blinded to the outcome and
treatment group. Baseline and 72 -h infarct volumes were mea-
sured on DWI using semi-automated planimetric measurement
techniques included in the Analyze 12.0 software package (Bio-
medical Imaging Resource, Rochester, NY).19

Raw PWI source images were transferred to a computer
workstation and post-processed using the MIStar software package,
Version 3.2 (Apollo Medical Imaging Technology, Melbourne,
Australia). An arterial input function was selected automatically in
the contralateral middle cerebral artery. An arrival time deconvolu-
tion algorithm was used to calculate voxel-wise maps of CBF,
cerebral blood volume (CBV), mean transit time (MTT), and delay
time (DT) to a peak of the residue function.20 These perfusion maps
were then imported into Analyze 12.0 for the planimetric region of
interest (ROI) analysis and volume measurements.

Infarct ROIs were drawn on DWI isotropic images obtained
pre- and 72 h post -BP reduction. They were later co-registered to
CBF, CBV, MTT and DT maps. The mean absolute perfusion
value within the core infarct ROI was then measured (Figure 1).
Mean perfusion values were measured in the homologous region
of the contralateral hemisphere. Relative CBF (rCBF), relative

CBV (rCBV), and relative MTT (rMTT) were calculated as the
ratio of the absolute mean value in the infarct core and homolo-
gous contralateral region. Relative DT (rDT) was defined as the
difference between the absolute mean in the infarct region and
that in the contralateral homologous region.

Hypoperfused tissue volume was measured at two time points
(baseline and 72 h later) using a double-threshold technique.21 The
initial hypoperfused volume was defined using a DT threshold of
>2 s within the symptomatic hemisphere, as previously described.20

This ROI was then transferred to a normalized CBF map (white
matter= 22ml/100 g/min). Voxels containing blood vessels were
removed from ROI using an intensity threshold (CBF> 100ml/
100 g per minute or CBV> 8ml/100 g).22 Voxels within this
ROI≤ 18ml/100 g per minute were defined as the final hypoper-
fused tissue volume.23,24 Relative CBF, CBV, and MTT values
within the hypoperfused volume and ipsilateral hemisphere were
calculated in the same fashion as for the core infarct (Figure 1).

Outcomes

The primary outcome measure was changed in absolute CBF
in the hypoperfused region at 72 h in the NTG group. Secondary
outcomes included differences in hypoperfused tissue volumes
between treatment groups, infarct volume growth, and hypoper-
fused region volume change at 72 h. Clinical outcomes were
MAP at 72 h, blood pressure variability (BPV) at 72 h, and
NIHSS at 72 h.

Figure 1: Measurement of infarct core, hypoperfused region, and hemispheric CBF in a patient with an
acute right occipital artery territory infarct. The infarct core region of interest (ROI) red outline in the first
row, was drawn on the baseline and at 72 h diffusion-weighted images (DWI). The infarct core ROI was
then co-registered with CBF maps at baseline and at 72 h to assess a mean CBF in infarct core region.
Relative perfusion measures were calculated using homologous contralateral ROIs (green). The hypo-
perfused region ROI included voxels with delayed contrast arrival (DT+2 s) and CBF ≤18 ml/100 g/min.
The PWI base image was used to draw hemispheric ROIs.
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Statistical Analysis

The differences in mean absolute CBF in the hypoperfused
region between baseline and 72 h imaging were assessed with a
paired t-test. Hypoperfused region and infarct volumes were not
normally distributed (Shapiro–Wilk test, p< 0.001). Changes in
median volumes were therefore assessed with a Mann–Whitney
U-test. The mean and median differences between groups were
assessed with independent t-tests and Mann–Whitney U-test.
A multiple linear regression was performed. To avoid over-
specification, we included the two variables with the most
significant independent effects in the model (age and thrombol-
ysis). A multiple logistic regression was performed to assess the
relation of infarct core volume at 72 h between the untreated and
NTG-treated groups.

BPs over time and between groups were assessed with a
repeated measure variance analysis (two-way repeated ANOVA:
between-groups [NTG-treated/untreated]; within: time [baseline/
2h/12h/24h/36/48h/72h]) with Bonferroni tests. Systolic BP,
diastolic BP, and MAP BPV were assessed in both groups at
baseline, 2, 12, 24 36, 48, and 72 h later. BPV indices included
SD, coefficient of variation (CV), average real variability (ARV),
variation independent of the mean (VIM), and successive varia-
tion (SV).25,26 All tests were performed in IBM SPSS Version 24
and significance was set at p< 0.05.

RESULTS

Baseline Characteristics

Thirty-five patients underwent PWI immediately before and
72 h after BP management.

Patients with baseline MAP >100 mmHg (n = 20) were trea-
ted with transdermal NTG (0.2 mg/h) for 72 h (NTG group).
Patients with MAP≤ 100mmHg (n= 15) were not treated (un-
treated group). Patients in the NTG group were older (mean
difference (MD) 8.9 years 95% confidence interval (CI) 0.4,
7.3; p= 0.04) than those in the untreated group. Patients in the
NTG group were more likely to have a history of prior stroke,
while those in the untreated group were more likely to have been
treated with tPA (Table 1).

Blood Pressure Changes

The mean baseline BPs were higher in the NTG group than
that in the untreated group (Table 1). Two hours after treatment
initiation, there was no difference in systolic BP reduction
(1.2 ± 15.9 vs. (−5.7) ± 9.6 mmHg, p = 0.1), diastolic BP
reduction (1.2 ± 17.7 vs. (−4.7) ± 13.5 mmHg, p = 0.2), or
MAP reduction (1.2 ± 12.6 vs. (−5.1) ± 9 mmHg, p = 0.09)
between the NTG and untreated groups. Similarly, 72 h after
treatment initiation, there was no difference in systolic BP
reduction (12 ± 27.2 vs. (−5.4) ± 25.9 mmHg, p = 0.09), dia-
stolic BP reduction (6 ± 20.9 vs. (−2.1) ± 15.3 mmHg, p = 0.2),
and MAP reduction (8 ± 20.7 vs. (−3) ± 16.9 mmHg, p = 0.1)
between the NTG and untreated groups. A two-way repeated-
measures ANOVA indicated no effect of treatment or time for
systolic BP (p = 0.53), diastolic BP (p = 0.29), or MAP
(p = 0.56) (Figure 2A–C). A total of 10 (50%) patients in
the NTG-treated group had a MAP > 100 mmHg on Day 2,
and all these patients received perindopril 4 mg one time
daily.

Baseline and 72-H Infarct and Hypoperfused Volumes

The cerebral perfusion parameters in the treatment groups
are presented in Table 2. Baseline PWI was performed at a
mean 22.9 ± 15 h after symptom onset. The mean absolute
CBF in the hypoperfused region at baseline was similar in the
NTG (32.7 ± 8.4 ml/100 g/min) and untreated groups (33.3 ±
10.2 ml/100 g/min; p = 0.8).

The mean time to repeat PWI and DWI was 72± 18 h after
baseline assessment. There was infarct growth at 72 h in both in
the untreated group and NTG-treated group (p< 0.0001; Table 2)
compared to baseline. On univariate analysis, median infarct
growth was greater in the untreated group (11.8 (5.7–44.2) ml),
than the NTG group (3.2 (0.5–16.5) ml; p= 0.033). This
between-group differences in infarct growth was not significant
after adjustment for age (p= 0.3). Repeat PWI demonstrated
reperfusion in both groups, with similar hypoperfused region
volumes at 72 h in the untreated (8 (3.1–36.4) ml) and NTG
groups (2.9 (1–8.1) p= 0.03).

Cerebral Blood Flow in Hypoperfused Tissue Regions

The mean absolute CBF in the hypoperfused region at 72 h
(29.9± 12 ml/100 g/min) was not different from the baseline
value (33.3± 10.2 ml/100 g/min, p= 0.15) in the NTG group.
In the untreated group, the CBF at 72 h (24.1± 10 ml/100 g/min)

Table 1: Baseline patient characteristics

Untreated
(n= 15)

NTG
(n= 20)

p-values

Age (mean ± SD) years 60.7± 13.2 69.6± 11.3 0.045

Sex, male, n (%) 9:6 12:8 0.7

Past medical history

Hypertension, n (%) 8 (53.3) 14 (70) 0.48

Diabetes, n (%) 1 (6.7) 5 (25) 0.2

Atrial fibrillation, n (%) 1 (6.7) 5 (25) 0.2

Stroke, n (%) 0 (0) 6 (30) 0.027

Premorbid mRS median (IQR) 0 (0) 0 (0) –

Clinical characteristics

Systolic BP, mmHg 123± 13.5 148.6± 15.5 <0.001

Diastolic BP, mmHg 73.8± 9.5 83.3± 12.7 <0.001

Mean arterial, pressure, mmHg 90.3± 10 105.1± 11.4 <0.001

Glasgow coma scale median (IQR) 15 (13–15) 15 (14.5–15) 0.7

NIHSS median (IQR) 8 (2–23) 9 (4–19) 0.5

Thrombolysis, n (%) 7 (46.6) 2 (10) 0.02

Symptom onset to baseline MRI scan,
h, mean ± SD

21.8± 13.7 27.8± 16.7 0.1

Imaging characteristics

Intracranial occlusion on MRA, n (%) 9 (60) 12 (60) 1

Hemorrhagic transformation, n (%) 3 (20) 3 (15) 0.9

Difference between PWI scan, days,
mean ± SD

3 ± 1.3 2.9± 2 0.4

MRA=magnetic resonance angiography.
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Figure 2: Mean systolic (A), diastolic (B), and Mean Arterial Pressure (C) measurements over
72-h treatment period in the two experimental groups.
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was lower than that at baseline (32.7± 8.4 ml/100 g/min;
p= 0.03). However, on regression adjustment, the apparent
difference was no longer evident. In the untreated group, relative
mean transit time (rMTT) in the infarct core region (B= 1.09,
95% CI 0.44–1.7; p= 0.003) and relative cerebral blood volume
(rCBV) in the hypoperfused region (B= 0.52 95% CI 0.17–0.87;
p= 0.008) reduced at 72 h compared to the baseline. Mean
absolute CBF in the hypoperfused region at 72 h was not different
in the NTG group compared to that in the untreated patients (MD
between groups 5.1± 10.3 ml/100 g/min; p = 0.8).

Clinical Outcomes

All indices of BPV were similar in the untreated and NTG
groups (Table 3). There were no correlations between any of the
BPV and perfusion parameters. None of the patients in the NTG
group developed clinical deterioration after treatment. A total
of 9 (25.7%) patients were thrombolysed prior to recruitment
(Table 1). There were no differences in cerebral perfusion para-
meters, infarct core volumes, or hypoperfused tissue volumes
between patients who were thrombolysed and those who were
not. The median NIHSS score at 72 h was similar in the untreated
11 (2–16) and NTG groups (5 (3–8); p= 0.2). Median mRS

scores in the NTG group (2 (2–4)) were similar to those in the
untreated group (3 (2–4), p= ns) at 30 days.

DISCUSSION

In this serial PWI study, transdermal NTG was not associated
with an increase in cerebral perfusion within the hypoperfused
region, infarct core, or globally in either hemisphere. In addition,
transdermal NTG did not appear to have a significant antihyper-
tensive effect at 72 h.

Vasoactive agents have generally been avoided in acute
ischemic stroke due to concerns that this may exacerbate cerebral
hypoperfusion. Indeed there is experimental stroke model data to
support this.27 Clinical trials have demonstrated either no benefit28,29

or a trend to worse outcome in patients treated with antihypertensive
agents.30,31 Nonetheless, there are some data suggesting BP reduc-
tion may have beneficial effects on cerebral perfusion. Longitudinal
cerebral perfusion studies in chronic hypertension have suggested
that sustained BP reduction may be associated with improvements
in CBF at 12 weeks and 6 months.32,33 Mild CBF improvement
following BP reduction has also been reported in acute/subacute
ischemic stroke patients treated with nimodipine and assessed
with PET/SPECT perfusion measurements.34,35

Table 2: Effect of NTG on cerebral perfusion* and infarct volume between baseline and 72 h measurements

Untreated NTG

Baseline 72 h p-values Baseline 72 h p-values

Infarct core

Volume, ml# 32.6 (8.6–96.7) 58.1 (28.1–111) 0.004** 10.4 (2.5–49.3) 15.3 (6.2–36.3) 0.013**

rCBF 0.88± 0.27 1.14± 0.32 0.02 0.84± 0.35 0.88± 0.29 0.61

rCBV 1.12± 0.32 1.12± 0.41 0.97 1.02± 0.48 1.02± 0.41 0.99

rMTT 1.49± 0.53 1.1± 0.38 <0.001** 1.39± 0.6 1.22± 0.53 0.14

rDT 6.1± 7.3 2.2± 1.9 0.05 6.1± 8.6 3± 3.2 0.14

Hypoperfused region

Volume, ml# 29.9 (13.3–36.1) 8 (3.1–36.4) 0.3 8.6 (3.4–24.9) 2.9 (1–8.1) 0.04

rCBF 0.87± 0.12 0.7± 0.3 0.04 0.78± 0.2 0.69± 0.3 0.14

rCBV 1.13± 0.3 0.94± 0.4 0.02** 0.97± 0.3 0.8 ± 0.4 0.1

rMTT 1.51± 0.34 1.66± 0.4 0.17 1.43± 0.4 1.34± 0.4 0.5

rDT 4.48± 1 4.64± 1.9 0.7 3.95± 1.3 3.94± 1 1

Ipsilateral hemisphere

rCBF 1± 0.1 1 ± 0.2 0.52 0.94± 0.1 0.95± 0.1 0.73

rCBV 1.09± 0.2 1.07± 0.2 0.59 1.01± 0.2 0.97± 0.2 0.30

rMTT 1.1± 0.2 1.1± 0.2 0.35 1.2± 0.3 1.1 ± 0.3 0.08

rDT 1.57± 0.6 1.39± 0.7 0.39 1.74± 0.9 1.57± 1.2 0.56

Absolute CBF ml/100 g/min

Infarct core 32.6± 13.4 38.4± 11.6 0.23 36.5± 19 35.6± 15 0.83

Hypoperfused region 32.7± 8.4 24.1± 10 0.03 33.3± 10.2 29.9± 12 0.15

Ipsilateral hemisphere 34.9± 5.8 34.7± 6.7 0.92 35.7± 7 39.2± 14 0.27

Contralateral hemipshere 34.4± 6 33.4± 5.8 0.66 38.1± 5.4 40± 0.1 0.29

*Mean± SD.
#Median.
**Significant on multiple linear regression.
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NTG is a vasodilator with mild hypotensive effects, but it has
also been hypothesized to improve cortical cerebral perfusion.8

Although we did not demonstrate improvements in CBF, there
was no exacerbation of the severity or volume of the hypoper-
fused tissue either. Our results are consistent with the findings
of a systematic review indicating modest pharmacological BP
reduction is not associated with a decrease in CBF.36 There is
one other published study of perfusion changes associated with
transdermal NTG treatment. In a randomized, blinded evalua-
tion trial, investigators assessed regional CBF changes using
xenon CT measurements in 18 ischemic and hemorrhagic
stroke patients within 5 days of onset.6 Perfusion measure-
ments were made before and 1 h after NTG or sham patch
application. Systolic BP decreased by 23 mmHg after 1 h in the
NTG group, and, similar to our own results, this was not
associated with a decrease in global, hemispheric, or hemi-
spheric CBF. In our study, we assessed changes in CBF using
PWI-MR prior to and 72 h after transdermal NTG treatment.
We did not observe a decline in MAP with transdermal NTG at
72 h (Figure 2A–C).

In the recently published RIGHT-2 trial, 1149 suspected
stroke patients were randomized to transdermal NTG (5 mg daily
for 4 days) or placebo.30 All patients were randomized in an
ambulance en route to a stroke center, at a median time of
71 (45–116) min after symptom onset. The effect of NTG on
CBF was not assessed, but the functional outcome at 3 months
was not improved over placebo. The NTG and control groups
had similar BPs 15 min after randomization, but on arrival to
the hospital, systolic pressures were 5.8 mmHg lower in the
NTG group. Pressures were again similar in both treatment
groups by Day 3. The lack of a sustained BP effect seen in both
RIGHT-2 and the present study likely reflect tachyphylaxis
associated with prolonged administration of NTG.37,38

In the present study, infarct volume expansion appeared to be
attenuated in the NTG group, relative to the untreated patients.
While it is possible that this represents a treatment effect, perhaps
related to other pleiotropic effects of NTG,7 this may represent a
type I error, particularly given the fact that these groups were not
randomized, nor were they balanced with respect to baseline
infarct characteristics (Table 2).

Our study has several limitations, primarily the small sample
size and non-randomized design. We cannot rule out an effect of
NTG on CBF. This was a secondary analysis of a trial aimed at
determining the effect of BP reduction on cerebral perfusion and
is most certainly underpowered. Serial studies of CBF using
nondiffusible tracers are exceedingly difficult to complete in ill
patients, which likely explains the lack of previous studies of this
nature. Although a randomized design is certainly preferable, the
effect of BP lowering is and remains controversial, with most
guideline statements suggesting caution in patients with low-
normal BP. We, therefore, chose an open-label design, based on
the pretreatment BP in this exploratory physiological endpoint
study, accepting the inherent weakness of the study in favor of
patient safety. We assessed CBF after 23 and 72 h, respectively,
when the volume of at-risk tissue is generally lower, which may
make the findings less relevant to acute treatment. A recently
published sub-study of the DEFUSE-3 trial, however, indicated
that penumbral tissue may persist for up to 38 h in some
patients.39 We have excluded patients with known intracranial
and extracranial carotid stenosis (>50%). It is possible that these
patients may actually benefit from BP reduction. ACE inhibitors
were used in 10 patients in the NTG-treated group on Day 2 that
may affect CBF. We also assessed perfusion at later time points
when tachyphylaxis of NTG is expected. This may also have
contributed to the lack of effect on CBF. However, we did not see
any change in BP, even within 6 h, which has been hypothesized
to be the time window in which this medication is most
effective.40 In addition, we have previously assessed the effect
of high dose sublingual NTG on early perfusion changes
(30 min) and found a similar lack of effect.17

CONCLUSION

Transdermal NTG was not associated with improvements in
cerebral perfusion in hypoperfused regions or a decline in MAP
72 h after treatment.
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SV 21.6± 14.8 19.5± 5.6 0.6
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VIM 10.9± 3.3 11.1± 3.5 0.9
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