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ABSTRACT
Objectives: National guidelines recommend
mobilisation in bed as early as possible after acute stroke.
Little is known about the influence of upright positioning
on real-time cerebral flow variables in patients with stroke.
We aimed to assess whether cerebral blood flow velocity
(CBFV) changes significantly after upright positioning in
bed in the acute stroke phase.
Design: Observational study.
Participants: 47 patients with acute ischaemic stroke
measured in the subacute phase after symptom onset and
20 healthy controls.
Primary and secondary outcome measures:We
recorded postural changes in bilateral transcranial Doppler
(primary outcome) and simultaneously recorded near-
infrared spectroscopy, end-tidal CO2, non-invasive blood
pressure data and changes in neurological status
(secondary outcomes).
Methods: Postures included the supine, half sitting
(45°), sitting (70°) and Trendelenburg (−15°) positions.
Using multilevel analyses, we compared postural changes
between hemispheres, outcome groups (using modified
Rankin Scale) as well as between patients and healthy
controls.
Results: The mean patient age was 62±15 years and
median National Institute of Health Stroke Scale score on
admission was 7 (IQR 5–14). Mean proportional CBFV
changes on sitting were not significantly different between
healthy controls and affected hemispheres in patients with
stroke. No significant differences were found between
affected and unaffected stroke hemispheres and between
patients with unfavourable and favourable outcomes.
During upright positioning, no neurological worsening or
improvement was observed in any of the patients.
Conclusions: No indications were found that upright
positioning in bed in mild to moderately affected patients
with stroke compromises flow and (frontal)oxygenation
significantly during the subacute phase of stroke. Supine
or Trendelenburg positioning does not seem to augment
real-time flow variables.

INTRODUCTION
Brain ischaemia is a potentially reversible
process that is dependent on restoration of

cerebral blood flow (CBF) within a time
window of cellular viability that varies accord-
ing to the severity and duration of flow

ARTICLE SUMMARY

Article focus
▪ Stroke units save more patients with stroke from

death or dependency than any other intervention in
stroke.

▪ Early upright positioning is an intervention in the
stroke unit that is recommended in several national
guidelines on the basis of presumed benefits,
though evidence is lacking.

▪ This study aimed to assess whether cerebral blood
flow velocity (CBFV) —as a surrogate marker for
cerebral perfusion—changes significantly after
upright positioning in bed in the subacute stroke
phase.

Key messages
▪ Following acute ischaemic stroke in the middle

cerebral artery territory, early upright positioning
in bed resulted in minor average changes in
CBFV and cerebral oxygenation only and there-
fore appears to be safe during the subacute
phase on the stroke unit.

▪ Our work is the largest observational study about
real-time postural haemodynamic changes so far
and is important in further unravelling the benefits
of stroke unit care and early mobilisation in
particular.

Strengths and limitations of this study
▪ The study is an example of how a small-scale study

of an important surrogate endpoint can help define
stroke unit management when evidence from
large-scale clinical trials is not yet available. We feel
a wider application of such bedside techniques in
similar studies in the stroke unit is also an import-
ant means to increase the gain of subsequent
larger clinical trials.

▪ Replication of this study should be considered
when studying the (hyper)acute stroke phase,
longer sitting periods, active standing and using
more sophisticated and direct methods that
measure cerebral perfusion regionally and esti-
mate cerebral oxygen metabolism.
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cessation.1 Any activity that alters CBF during the acute
phase of ischaemic stroke may, at least theoretically, dir-
ectly contribute to extension of the penumbra to the
ischaemic core and compromise clinical outcome.
National guidelines recommend mobilisation in and out
of bed as early as possible after stroke.2–4 Such early
upright positioning prevents choking, cardiopulmonary
deconditioning and may improve early plasticity of the
brain.5 6 However, there is insufficient evidence in
support of early upright positioning after acute stroke.7

Also, there is fear that mobilisation in the setting of a
(potentially)disturbed cerebral autoregulation leads to
gravity induced diminished CBF to the penumbra and,
potentially, extension of the infarct core.8 As a result,
early upright positioning is not universally accepted by
stroke physicians.
Little is known in patients with acute stroke about the

influence of different body positions on blood pressure
(BP) or on real-time cerebral flow variables. Transcranial
Doppler (TCD) may be used to assess CBF velocity
(CBFV) at the stroke unit bedside. Nursing patients
‘heads down’ has been advocated, based on a 20% aug-
mentation of CBFV when comparing supine with 30°
head elevation in 20 patients severely affected with
stroke.9 If such relatively minor changes in head position
have such an impact, what would the consequences of
more pronounced changes in position be in a represen-
tative sample of stroke unit patients?
In this study, we sought to assess the impact of the

various head positions on CBFV comparing (1) hemi-
spheres affected by stroke and unaffected hemispheres
and (2) affected hemispheres and healthy controls. Any
effect of upright positioning on neurological status and
outcome was explored.

METHODS
Study design and patients
This observational study was conducted in the stroke
unit of a teaching hospital between August 2008 and
May 2011. Patients aged over 18 years with a first ever
ischaemic stroke in the middle cerebral artery (MCA)
territory were considered eligible. The measurements
were taken on the stroke unit and mainly because of
practical reasons (installation on stroke unit, informed
consent approval and no interference with urgent clin-
ical studies or consultations) performed in the subacute
phase. Our protocol dedicated that the measurements
had to be completed between 6 and 16 h after stroke
symptom onset, mimicking the period of early in bed
mobilisation initiation during daytime. Patients had to
be conscious, cooperative, haemodynamically stable
without fever and display flow in both M1 segments of
the MCA. Moreover, patients deemed to be too severely
affected by the stroke or too severely ill to be positioned
upright (clinical/nursing judgement) were not included
in this study. Brain CT, ECG, bilateral duplex carotid
ultrasound and laboratory investigations were

performed. Thrombolytic therapy was administered
according to (inter)national guidelines. Use of any
medication, especially antiarrhythmics and antihyperten-
sive medication, was registered. The National Institutes
of Health Stroke Scale score (NIHSS) was used to deter-
mine neurological deficit. The stroke subtype was classi-
fied using the Oxfordshire Community Stroke Project
classification,10 and stroke aetiology according to Trial of
Org 10172 in Acute Stroke Treatment (TOAST) defini-
tions.11 The modified Rankin Scale (mRS) score at
3 months was determined by telephone interview by a
certified assessor blinded to study data. Twenty healthy
controls were recruited at random from (retired) work
associates and their medical histories were reviewed. All
experiments complied with the tenets of the Declaration
of Helsinki and the study protocol was reviewed and
approved by our institutional review board. Study partici-
pants provided written informed consent. Next of
kin gave consent when participants were unable to
provide it.

Sample size calculation
In the literature, SD of the intraindividual supine to
sitting MCA CBFV difference is estimated to be around
±5% for elderly hospitalised patients12 and ±20% for
patients with severe stroke going from the 30° to 0° pos-
ition.9 To detect a difference in mean CBFV of more
than 6 cm/s (10–20%) between remaining supine and
sitting upright in bed with a probability (power) of 90%
when testing at a two-sided significance level of 5%,
a sample size of 45 participants was required.

Procedures
BP was measured with a finger plethysmograph
(Finometer-Pro, Finapress Medical Systems, Amsterdam,
the Netherlands). The cuff was applied to the middle
finger of the non-dominant or paretic hand placed at
the heart level with the arm across the chest and sup-
ported by a sling. TCD was performed by the same inves-
tigator (MA) over the temporal bone window on both
sides. MCA wave forms were identified at a depth range
of 40–60 mm and a stable forward waveform with good
intensity was selected for monitoring (Nicolet Pioneer
TC8080, Carefusion Corporation, San Diego, California,
USA). Patients with permanent MCA occlusion on TCD
were excluded. TCD probes (2 MHz) were mounted by
a head frame to ensure a constant angle of insonation
throughout the positioning procedure. Bifrontal near-
infrared spectroscopy (NIRS) recordings were added
from 2010 onwards for regional cerebral oxygenation
(rSO2, %) calculation. The INVOS 5100C NIRS device
(Somanetics Corp, Detroit, Michigan, USA) has a sam-
pling frequency of 0.2 Hz. Adhesive optodes were placed
on each side of the forehead. End-tidal CO2 (EtCO2,
kPA) was measured by a mask using an infrared CO2

analyser (Capnomac Ultima, GE Healthcare, Chalfont St
Giles, UK) as an approximation of partial arterial CO2

pressure.
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Signals
The signals of the BP and EtCO2 waveforms, spectral
envelope of MCA CBFV, and rSO2 as well as the position
marker signals were sampled at 250 Hz and synchron-
ously captured using an A/D converter. Signals were
recorded with LabVIEW software (LabVIEW V.7.1,
National Instruments, Austin, Texas, USA) for online
inspection and were stored for postprocessing. The MCA
CBFVmean (cm/s) was calculated by using beat-to-beat
mean values that were obtained by triggering off the
ascending slope of the BP curve. Mean arterial pressure
(MAP) at the MCA level (MAPmca, mm Hg) was auto-
matically calculated from MAP measured at the heart
level and the vertical finger-to-TCD probe distance. In
the upright and Trendelenburg positions, great care was
taken to secure the hand with the finger plethysmo-
graph cuff at the heart level (approaching the right
atrium level). The beginning and ending time points of
the postural transitions were marked, but these data
periods (±30 s) were not used for analysis.

Predefined positioning protocol
After admission to the stroke unit, patients were instru-
mented. Participants were requested to abstain from
moving and talking in order to minimise artefacts and
activity-related CBFV changes. Great care was taken to
keep the head in the neutral midline position (without
shifting of the headband) and the BP cuff at the heart
level during positioning. A test run was performed. After
5 min of supine rest (baseline (eg, first) supine), the par-
ticipants were passively tilted by changing the head of the
bed end angles to the 45° (half sitting), 70° (sitting) and
−15° (Trendelenburg) positions for 3–5 min each.
Patients were brought in the sitting position twice.
Periods of tilts were interspaced with 3–5 min of supine
rest to re-establish control values (supine position).
Before and after establishing each position, the motor
score of NIHSS (affected arm and leg) was evaluated.
Control participants were recorded in a quiet,
temperature-controlled research room using the same
predefined positioning protocol.

Statistical analysis
We calculated a mean value for every position period. To
compare responses in each position, percentage changes
in the variables (MCA CBFVmean, rSO2, MAPmca, heart
rate (HR) and EtCO2) were calculated as the differences
between the positions after normalisation to the mean
baseline (eg, first) supine value. Normalisation was
carried out to be able to compare physiological responses
between patients, healthy controls and hemispheres,
where absolute individual values might differ from base-
line. We averaged these percentage changes to obtain a
mean percentage change for each of the four different
positions: supine, half sitting, sitting and Trendelenburg.
For control participants, the mean of the MCA CBFVmean

and rSO2 signals was taken. To account for and to take
advantage of the correlation between repeated measures

in the same individual, a multilevel model was used to
estimate the effects of positioning and affected hemi-
sphere on changes in the main variables (MCA CBFVmean

and rSO2).
13 The relation between MCA CBFVmean

and outcome (dichotomised as mRS 0–2 for favourable
outcome) was analysed in a similar way. Statistical
analysis was performed with SAS (V.9.2). Significant
carotid stenosis, stroke subtype or aetiology (TOAST cri-
teria), NIHSS, age and sex were used as potential con-
founding covariates in stroke group comparisons.14 Age,
sex and history of hypertension, cardiac disease and dia-
betes were used as covariates for healthy control
and stroke group comparisons. Bonferroni adjustments
for multiple comparisons were used for all results
presented.

RESULTS
In eight patients with subacute stroke, TCD or BP inves-
tigation was unsuccessful. Eventually, we enrolled
47 patients (table 1). The mean patient age was 62
±15 years and median baseline NIHSS was 7 points (IQR
5–14 points). At 3 months, 29 patients (62%) had a
favourable outcome. NIRS recordings were performed
in 32 patients (68%) and 16 controls (80%).
We compared the cerebral haemodynamic postural

(MCA CBFVmean and rSO2) changes between positions,
patients with stroke and healthy controls, and between
affected and unaffected hemispheres. A complete over-
view of the comparisons is presented in online
supplementary tables 1–3 (http://bmjopen.bmj.com).
Figure 1 shows that cerebral haemodynamic changes
were most pronounced when moving from the supine to
the sitting position (70°) for patients (affected hemi-
sphere) and healthy controls (figure 1). The results pre-
sented below therefore focus on changes from the
supine to the sitting position. The accompanying sys-
temic haemodynamic (MAPmca and HR) and respiratory
responses (EtCO2) are shown in figure 2.
In the sitting position for the affected and unaffected

hemispheres, MCA CBFVmean decreased in 28 patients
(60%) and rSO2 decreased in 18 patients (55%). None
of the univariate results presented below were different
after adjustment for predefined covariates, except for
the outcome analysis.

Positional CBFV changes on sitting in patients with stroke
The mean MCA CBFVmean decreased significantly with
movement to the sitting position, (mean difference −4%,
95% CI −6% to −3%; p=0.005) for the affected hemi-
sphere. For the unaffected hemisphere, this effect was not
significant (mean difference −2%, 95% CI −5% to 0%;
p=1.0).

Positional CBFV changes on sitting comparing patients
with stroke and healthy controls
The mean MCACBFVmean changes on sitting were compar-
able between healthy controls and affected hemispheres of
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patients with stroke (mean difference −4% for the affected
hemisphere (95% CI −11% to 3%; p=1.0) as well as
unaffected hemispheres (mean difference −5%, 95% CI
−10% to 1%; p=0.18)).

Positional CBFV changes on sitting comparing
hemispheres in patients with stroke
The mean MCA CBFVmean was not different between
the affected and the unaffected hemispheres in the

Table 1 Patients’ demographics and clinical characteristics

Variables Patients with stroke (n=47) Healthy controls (n=20)

Mean age (SD), years 62 (15) 52 (20)

Male 32 (70) 11 (55)

Affected right hemisphere 24 (52) –

Median NIHSS score on admission (IQR) 7 (5–14) –

History of hypertension 21 (46) 7 (35)

History of cardiac disease 17 (37) 0 (0)

Significant carotid stenosis 8 (17) Unknown

Type infarct

Atherosclerotic 15 (33)

Cardiac 10 (22)

Small vessel 14 (30)

Dissection 2 (4)

Unknown 5 (11)

Oxford classification

Total anterior circulation infarction 9 (20)

Partial anterior circulation infarction 19 (41)

Lacunar circulation infarction 18 (40)

Posterior circulation infarction 0 (0)

History of diabetes mellitus 8 (17) 0 (0)

Antihypertensive medication on admission 25 (54) 6 (30)

Intravenous thrombolysis 20 (44) –

Mean arterial pressure (SD), mm Hg 84 (21) 78 (13)

Mean heart rate (SD), bpm 77 (18) 64 (7)

Values are absolute numbers (%), unless otherwise stated.
NIHSS, National Institutes of Health Stroke Scale.

Figure 1 Cerebral haemodynamic changes in different body positions in patients with subacute stroke and healthy controls.

Image showing changes of MCA CBFVmean (A) and rSO2 (B) in different positions following subacute stroke in patients (affected

hemisphere) and healthy controls. All data were normalised to the baseline (eg, first) supine position and displayed in

percentages (%). Thirty-two patients had near-infrared spectroscopy recordings. CBFV, cerebral blood flow velocity; MCA, middle

cerebral artery; rSO2, regional cerebral oxygen saturation.
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sitting position (mean difference −2%, 95% CI −5% to
2%; p=1.0).

Positional changes of rSO2, MAPmca, HR and EtCO2 on
sitting
The mean rSO2 values decreased significantly with
movement to the sitting position for the affected hemi-
sphere (mean difference −2%, 95% CI −3% to −1%;
p=0.006 and unaffected hemisphere (mean difference
−2%, 95% CI −3% to −1%; p=0.009)). In agreement
with the MCA CBFVmean results, the mean rSO2 postural
responses were not significantly different between both
hemispheres and between patients and healthy controls.
The CBFVmean and rSO2 changes were positively corre-
lated for the affected hemisphere (r=0.33, p=0.01).
In patients with stroke, MAPmca decreased on average

by 15% in the sitting position (95% CI −19% to −10%;
p<0.001). This was similar to controls (17%, 95% CI
−24% to −11%; p<0.001; figure 2). MAPmca increased
slightly during the course of the experiment for patients
(mean 5%, 95% CI 2% to 7%) and healthy controls
(mean 2%, 95% CI −1% to 6%). The postural responses
were accompanied by only minor HR changes. EtCO2

decreased on average by 3% (95% CI −5% to −1%;
p<0.001) for patients in the sitting position.

Positional changes, neurological status and relation with
outcome in patients with stroke
We observed no neurological worsening or improvement
during the postural changes in any of the patients.
There were no significant differences between the mean
MCA CBFVmean changes on upright and Trendelenburg
positioning in patients with unfavourable compared to
favourable outcome after correction for confounding
covariates (mean difference on sitting, for the affected
hemisphere: −5%, 95% CI −14% to 5%; p=1.0).

DISCUSSION
Our study showed that following an ischaemic stroke in
the MCA territory, early upright positioning in bed
resulted in minor average changes in CBFV only in the
subacute phase. The postural responses were not signifi-
cantly different between the affected and unaffected
hemispheres, and between patients and healthy controls.
Passive upright positioning was not accompanied by wor-
sening of the (motor) stroke severity score. No improve-
ment was noticed in the supine and Trendelenburg
positions. The relative postural haemodynamic and
EtCO2 changes were largely comparable between
patients and controls. This study found no indications
that upright positioning compromises flow or (frontal)
oxygenation significantly in the affected MCA territory
in mild to moderately affected patients with acute stroke.
No association was found between flow changes and
functional outcome. Our results suggest effective cere-
bral and/or systemic haemodynamic adjustments to
overcome gravitational force during postural changes in
the subacute phase of mild to moderate stroke. The
potential of the Trendelenburg position to augment
CBF seems to be limited and may not outweigh concur-
rent cardiopulmonary complications.
Although TCD measurements cannot be used to calcu-

late CBF, the observed relative CBFV changes can be con-
sidered proportionate to CBF changes as long as the angle
of insonation and the MCA diameter remain constant
during the brief test interval. The MCA diameter is
thought to remain constant over a ±30 mmHg range of BP
and ±2 kPA of CO2.

15 This requirement was fulfilled in our
study. TCD is prone to several errors because the measure-
ments are operator dependent and patient dependent.
Even small probe position changes may alter the CBFV
readings. However, frontal cerebral oxygenation (rSO2) fol-
lowed CBFV changes in size and direction in the affected
hemisphere, which further strengthens our findings.
Assuming a constant arterial O2 content and cerebral meta-
bolic rate during the measurement, rSO2 is predominantly
a function of local CBF.16 17 Furthermore, TCD monitoring
is the only non-invasive method to monitor CBF changes
continuously at the bedside. It is generally accepted that
CBF changes are closely reflected by TCD readings.18

Patients in our study predominantly had mild to mod-
erate strokes. Patients with MCA occlusion were
excluded. It was left to clinical and nursing judgement
whether patients were deemed too severely affected by
the stroke or too severely ill to be positioned upright for
this study. Although NIHSS was not found to be a con-
founder for postural CBFV changes, too few patients
with severe stroke (NIHSS>16) were included to be able
to generalise our findings to patients with severe strokes.
Furthermore, fully ambulatory patients may have been
less likely to be included. The practical implication of
the latter drawback in generalisation is probably limited.
When mild to moderate strokes are unlikely to be
affected by upright positioning, very mild strokes are
even less likely to be affected.

Figure 2 Systemic haemodynamic changes with going to

the upright position in patients with subacute stroke and

healthy controls. Image showing the changes of mean arterial

pressure at the middle cerebral artery level (MAPmca), heart

rate (HR) and end-tidal CO2 (EtCO2) with going to the upright

position (70°) in patients with subacute stroke and healthy

controls. All data were normalised to the baseline (eg, first)

supine position and displayed in percentages (%).
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Three studies have investigated the postural effects on
CBFV in acute stroke.9 19 20 Wojner et al found on average a
20% CBFV increase in the supine position in 20 patients
with an acute MCA occlusion. However, a wide range of
individual flow improvements was present (5–96% from
baseline), with no data from the unaffected hemisphere
being available.9 A small study with eight participants
found important postural flow changes in four severely
affected patients with incomplete MCA recanalisation on
24 h follow-up imaging (affected hemisphere).19 A more
than 15% higher MCA flow was found in the supine pos-
ition in 18 patients with large stroke with intracranial pres-
sure (ICP) monitoring in the intensive care unit. This
effect was only present in the affected hemisphere.20

Different results were obtained in a single-photon emission
CT (SPECT) stroke study. Seven of eight patients with
subacute stroke had a clear visual improvement in SPECT
perfusion to the affected frontal, temporal or parietal lobes
in the semirecumbent (30–45°), compared to the supine
position. No differences were found in BP in both posi-
tions. Unfortunately, no demographics, clinical effect or
respiratory changes of the more upright position were
reported.21

Our study did not show relevant postural changes
despite the larger position changes (70° instead of 30°).
This is probably largely due to our predominant focus
on mild to moderately affected patients with stroke.
Also, in our study, changes in all variables were related
to the individual baseline supine level (by normalisa-
tion), reducing the effects of large variations of mea-
sured parameters and difficulties with standardisation of
the used techniques (TCD, NIRS and BP). In none of
the four studies were flow data recorded simultaneously
with NIRS and EtCO2. In the study of Hargroves et al,
cerebral oxygenation as measured by NIRS in the first
seven days after stroke was lowest in the upright position
and highest in the supine position (difference estimated
around 2–6%). These changes were also present in the
unaffected hemisphere, although on visual inspection
they were less marked.22 Furthermore, there might be
an effect of anaesthesia, vasopressors, hypothermia and
decompressive craniectomy on cerebral vasoregulation
used in the intensive care stroke positioning study.23 Our
results are in line with patients with subarachnoid haem-
orrhage in whom CBFV remained constant in the
supine and 45° patient body positions, regardless of the
development of vasospasm.24

It is widely believed that a sudden BP reduction can
affect CBF and render elderly participants or patients
with cardiovascular disease vulnerable to orthostatic
symptoms.25 The sitting position might be dangerous,
especially with globally impaired cerebral autoregula-
tion, because of the susceptibility of the penumbral
regions to local hypoperfusion in the acute and sub-
acute phases. However, our physiological results indicate
that sitting is probably well tolerated in mild to moder-
ately affected patients with stroke. In 2008, the ‘A Very
Early Rehabilitation trail’ showed that very early out of

bed mobilisation was safe and feasible in patients with
stroke.26 This may be due to the counterbalancing
effects of BP elevation, ICP reduction and increased
venous return to stabilise cerebral perfusion pressure in
the subacute phase. There is evidence for increased sym-
pathetic activation in patients with acute stroke.27–29

Replication of this study should be considered in study-
ing the (hyper)acute phase, longer sitting periods and
using more sophisticated and direct methods that
measure CBF regionally and estimate cerebral oxygen
metabolism.30 Inclusion of more severely disabled
patients (NIHSS around 10) would be preferable to
being able to compare upright cerebral haemodynamics
with the results from the ongoing ‘early mobilisation’
trails.26 Further research should also include more
detailed (follow-up) information from extracranial and
intracranial vessels pathology (using validated radio-
logical or ultrasound criteria), recanalisation (proximal
and distal), penumbra configuration and/or the pres-
ence of collaterals.31–34 Follow-up studies several days
after stroke may be warranted because local and systemic
compensatory mechanisms may become exhausted, but
around that time influence on penumbral salvage may
be limited.35 Our results do not hold for sitting to the
standing mobilisation, which may provoke different
(probably larger) haemodynamic responses.36

In the paucity of results for the early out of bed mobil-
isation stroke trails,37 we suggest continuation of early
upright positioning in patients with stroke in the stroke
unit in the subacute phase and propose that continuous
CBF measurements during early activity out of bed
(standing) could be helpful in assuring safe and early
mobilisation in the stroke unit.36

CONCLUSION
In conclusion, upright positioning in the stroke unit of
mildly to moderately affected patients with stroke does
not give significant reduction of CBF and (frontal)cere-
bral oxygenation surrogates during the subacute phase
on the stroke unit. Supine or Trendelenburg positioning
seems not to augment MCA CBFVmean or improve
neurological status.
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