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Abstract
Objective
This tertiary analysis from A Very Early Rehabilitation Trial (AVERT) examined fatal and nonfatal
serious adverse events (SAEs) at 14 days.

Method
AVERT was a prospective, parallel group, assessor blinded, randomized international clinical trial
comparing mobility training commenced <24 hours poststroke, termed very early mobilization (VEM),
to usual care (UC). Primary outcome was assessed at 3 months. Patients with ischemic or hemorrhagic
stroke within 24 hours of onset were included. Treatment with thrombolytics was allowed. Patients with
severe premorbid disability or comorbidities were excluded. Interventions continued for 14 days or
hospital discharge if less. The primary early safety outcome was fatal SAEs within 14 days. Secondary
outcomes were nonfatal SAEs classified as neurologic, immobility-related, and other. Mortality influences
were assessed using binary logistic regression adjusted for baseline stroke severity (NIH Stroke Scale
[NIHSS] score) and age.

Results
A total of 2,104 participants were randomized to VEM (n = 1,054) or UC (n = 1,050) with a median age
of 72 years (interquartile range [IQR] 63–80) and NIHSS 7 (IQR 4–12). By 14 days, 48 had died in
VEM, 32 in UC, age and stroke severity adjusted odds ratio of 1.76 (95% confidence interval 1.06–2.92, p
= 0.029). Stroke progression was more common in VEM. Exploratory subgroup analyses showed higher
odds of death in intracerebral hemorrhage and >80 years subgroups, but there was no significant
treatment by subgroup interaction. No difference in nonfatal SAEs was found.

Conclusion
While the overall case fatality at 14 days poststroke was only 3.8%, mortality adjusted for age and stroke
severity was increased with high dose and intensive training compared to usual care. Stroke progression
was more common in VEM.

Registration
Australian New Zealand Clinical Trials Registry, ACTRN12606000185561.

Classification of Evidence
This study provides Class I evidence that very early mobilization increases mortality at 14 days poststroke.
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Uncertainty about the benefits and risks of early mobilization
(out-of-bed activity and mobility training) started soon after
stroke onset remains.1,2 We addressed this question in A Very
Early Rehabilitation Trial (AVERT), in which higher dose
(amount, frequency, intensity) of out-of-bed, task-specific
training of sitting, standing, and walking, termed very early
mobilization (VEM), was commenced within 24 hours of
stroke onset and continued for 14 days or hospital discharge if
sooner. Higher dose training (VEM) was associated with
significant reduction in the odds of a favorable outcome
(modified Rankin Scale score 0–2) at 3 months, compared to
usual care.3 In this primary report of 3-month (primary
endpoint) outcomes,3 the 3-month case fatality was 7.6%
(95% confidence interval [CI] 6.5–8.8), lower than the case
fatality reported in a recent review of stroke incidence studies
of 10%–42% over a similar time period, 28–30 days post-
stroke.4 There were no significant treatment-by-subgroup
interactions, and by 3 months, the number of fatal or nonfatal
serious stroke or immobility-related adverse events (SAEs)
did not differ significantly between groups.

In line with our prespecified analysis plan,5 this tertiary
analysis aimed to further elucidate factors associated with the
safety of this intervention in the first weeks after stroke.
Therefore, the objectives of this article were to report the 14-
day (end of intervention period) safety analyses of the num-
ber and nature of fatal and nonfatal SAEs during the trial
intervention period, and to undertake exploratory analyses in
prespecified subgroups.

Methods
Study Design, Participants, and Procedures
Details of the AVERT trial design, participants, procedures,
sample size estimation, analysis plan, and primary outcomes
have been published.3,5 In brief, AVERT was a parallel-group,
international, multicenter, randomized controlled trial in-
corporating 56 sites in 5 countries: Australia, New Zealand,
Singapore, Malaysia, and the United Kingdom. The eligibility
criteria were broad, with no upper age limit, including patients
with both ischemic and hemorrhagic stroke, and treatment
with thrombolysis (recombinant tissue plasminogen activator
[rtPA]) was allowed at the discretion of the recruiting phy-
sician. Those with a fever, low oxygen saturation, or blood
pressure (BP) <110 mmHg or >220 mmHg were excluded.3

Participants were recruited within 24 hours of stroke onset
and randomized to either the more frequent, higher dose
mobility training regimen (VEM) or to usual stroke unit care

(UC), which includes mobilization, but was not standard-
ized.3 A remote, web-based, computer-generated randomi-
zation procedure was used to balance randomization by site
and stratify by stroke severity based upon the participant’s
baseline NIH Stroke Scale score (NIHSS: mild [1–7], mod-
erate [8–16], or severe [>16]). Participants were blinded to
group allocation, but therapists and nurses were not blinded.
For those in the VEM group, intervention was delivered by
ward-based, intervention-trained physiotherapy and nursing
staff, starting ≤24 hours after stroke. VEM comprised out-of-
bed activities and task-specific training to promote recovery of
mobility in addition to usual care on 5–6 days per week.
Prolonged sitting or standing activities were not part of the
intervention and were actively discouraged, particularly in the
first 3 days after stroke onset. Bed rest between activities was
encouraged. For VEM participants, the first out of bed in-
tervention occurred if physiologic measures were within
broad safety limits (BP, temperature, O2 saturation) detailed
in the protocol, and if the treating therapist believed it was safe
and appropriate to do so. Physiologic data were not recorded
in the trial. An episode of orthostatic hypotension (>30 mm
Hg) meant the session would cease. Daily interventions were
guided by the participant’s functional status as judged by the
physiotherapist, with 4 levels (1–4) specified, and in-
tervention staff used their clinical judgement of a participant’s
ability and response to treatment to commence or continue a
prescribed session. The intervention period continued for 14
days or until acute hospital discharge, whichever was earlier.

Outcomes
The prespecified safety outcome in this analysis was fatal
SAEs within the first 14 days after stroke (Class 1 evidence).
The secondary outcome was nonfatal SAEs within 14 days
(Class 1 evidence). We predefined safety events as important
medical events (IMEs) or adverse events (AEs), both of
which were termed SAEs if at least one of the following were
met: (1) resulted in death, (2) life-threatening, (3) required
inpatient hospitalization or prolonged existing hospitalization,
or (4) resulted in persistent disability. Stroke-related IMEs
included progression and recurrence of stroke. Stroke pro-
gression was defined as worsening of symptoms in the same
vascular territory as the initial stroke event, commencing
within 14 days; recurrent strokes were new stroke events in a
different vascular territory in the same period, or any new
event beyond 14 days. Immobility-related IMEs comprised
pneumonia, urinary tract infection, pulmonary embolism,
deep vein thrombosis, and pressure sores. Other IMEs were
myocardial infarct, angina, depression, and falls. Falls were

Glossary
AE = adverse event; aOR = adjusted odds ratio; AVERT = A Very Early Rehabilitation Trial; BP = blood pressure; CBF =
cerebral blood flow;CI = confidence interval; IME = important medical event; IQR = interquartile range;NIHSS =NIH Stroke
Scale;OR = odds ratio; rtPA = recombinant tissue plasminogen activator; SAE = serious adverse event; UC = usual stroke unit
care; VEM = very early mobilization.
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categorized as fall with no soft tissue injury, fall with soft tissue
injury, or fall with bone fracture or head injury. AEs were
defined as any other untoward medical occurrence and in-
cluded worsening of a preexisting event. AEs were categorized
as neurologic, cardiovascular, pulmonary, gastrointestinal,
hepato-biliary, metabolic and endocrine, renal and urinary,
musculoskeletal, psychiatric, oncologic, dermatologic, infec-
tions, hematologic, stroke-related fever, or support services.

Trained site investigators reported SAEs via submission of
case report forms and de-identified supporting medical record
documentation. At 3-month assessments, blinded assessors
interviewed participants or carers and examined medical re-
cords to ensure that all SAEs were reported. For each SAE,
assessors recorded (1) medical diagnosis and (2) blinded
assessment of the relationship to treatment: probably, possi-
bly, probably not, or not related, according to the clinicians’
determination of the relationship between the intervention
and the SAE. All SAE documentation was reviewed by trial
management for accuracy and completeness. At site moni-
toring visits, trial management staff performed risk-based in-
dependent audits using random participant selection and
blinded medical record review to verify source data. For
participants discharged prior to 14 days and not contactable at
3 months, assessors performed a search of death registers in
the United Kingdom, Australia, and New Zealand. No death
registers were available in Singapore or Malaysia.

Safety Adjudication and Monitoring
An independent outcomes committee comprising a chair-
person (S.M.), consultant neurologist (J.H.F.), and stroke

physician (V.S.) reviewed all SAEs throughout the trial.
Members were blinded to participants’ group allocation. Prior
to each meeting, events were independently adjudicated by
each medical expert for cause of event and relationship to
treatment. At meetings, held approximately every 2 months
via teleconference, divergent opinions were resolved by dis-
cussion, where necessary requesting additional medical in-
formation from assessors prior to adjudication. When
insufficient additional information was available, events were
adjudicated as “unable to be determined” or “sudden un-
explained death.”

The independent Data Monitoring Committee adhered to a
charter of responsibilities. The committee (P.B., C.B., S.J.R.,
C.M.R., C.M.S.) comprised experienced trial monitors with
medical, physiotherapy, research, and statistical expertise.
Meetings were held at least annually, with meeting frequency
dependent on trial progress. Unblinded group allocation data
were provided to the Data Monitoring Committee, with ad-
judicated individual and group summaries of SAEs that oc-
curred in the acute intervention (0–14 days) and early (15
days–3 months) time periods. The committee reviewed cur-
rent trial data for evidence of relative harm and made rec-
ommendations to the steering committee on whether to
continue, modify, or stop the trial. Author and coinvestigator
contributions are detailed in appendices 1 and 2 at links.lww.
com/WNL/B261.

Analysis
Our statistical analysis plan5 outlines the 14-day tertiary safety
analyses reported here. These include number of fatal and

Figure 1 Participant Progress Through Trial to 14 Days

Primary reason for not receiving mobilization
within 14 days: very early mobilization (VEM), n =
12; serious adverse event (SAE) and death out-
come, n = 9; alive at 14 days: discharged home
from hospital ≤24 hours, n = 1; SAE then transfer
to intensive care unit ≤24 hours, n = 1; lost to
follow-up: withdrawal, n = 1. Usual care (UC), n =
14: SAE and death outcome, n = 10; alive at 14
days: SAE, n = 2; palliated, n = 1; transferred to
another ward, n = 1.
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Table 1 Characteristics of Participants Who Were Alive or Dead at 14 Days, With People Who Died Shown According to
Group

Died (n = 80)a

Alive (n = 2,018)aAll (n = 80) VEM (n = 48) UC (n = 32)

Recruitment region

Australia/New Zealand 51 (64) 31 (65) 20 (63) 1,190 (59)

Asia 4 (5) 3 (6) 1 (3) 243 (12)

UK 25 (31) 14 (29) 11 (34) 585 (29)

Age, y 80.1 (73.0–84.3) 81.0 (74.8–84.7) 77.8 (70.8–82.2) 72.2 (64.6–80.0)

<65 9 (11) 4 (8) 5 (16) 614 (30)

65–80 31 (39) 17 (35) 14 (44) 898 (45)

>80 40 (50) 27 (56) 13 (41) 506 (25)

Male 47 (59) 28 (58) 19 (59) 1,237 (61)

Risk factors

Hypertension 55 (69) 34 (71) 21 (66) 1,364 (68)

Ischemic heart disease 30 (38) 15 (31) 15 (47) 454 (23)

Hypercholesterolemia 40 (50) 22 (46) 18 (56) 799 (40)

Diabetes 22 (28) 14 (29) 8 (25) 441 (22)

Smoking

Never smoked 38 (48) 23 (61) 15 (39) 903 (45)

Smokerb 8 (10) 6 (75) 2 (25) 351 (17)

Ex-smokerb 24 (30) 13 (54) 11 (46) 739 (37)

Unknown 10 (12) 6 (60) 4 (40) 25 (1)

Atrial fibrillation 27 (34) 17 (35) 10 (31) 438 (22)

Premorbid modified Rankin Scale

0 52 (65) 31 (65) 21 (66) 1,528 (76)

1 17 (21) 11 (23) 6 (19) 285 (14)

2 11 (14) 6 (13) 5 (16) 205 (10)

First diagnosed stroke 66 (82) 40 (83) 26 (81) 1,652 (82)

Old stroke on imaging 19 (24) 15 (32) 4 (13) 566 (28)

NIHSS

Mild (1–7) 8 (10) 6 (13) 2 (6) 1,159 (57)

Moderate (8–16) 12 (15) 8 (17) 4 (13) 628 (31)

Severe (>16) 60 (75) 34 (71) 26 (81) 231 (11)

All cases, NIHSS median 21.0 (16.0–24.0) 20.5 (12.5–23.0) 22.0 (17.5–25.0) 6.0 (4.0–11.0)

Oxfordshire Stroke Classification

Total anterior circulation infarct 55 (69) 30 (63) 25 (78) 401 (20)

Partial anterior circulation infarct 5 (6) 2 (4) 3 (9) 662 (33)

Posterior circulation infarct 4 (5) 3 (6) 1 (3) 194 (10)

Lacunar infarct 1 (1) 1 (2) 0 (0) 519 (29)

Continued
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nonfatal SAEs, with specific reporting of stroke-related,
immobility-related, and fall-related SAEs.

Mortality was investigated using the binary logistic re-
gression model with treatment group as the independent
variable and death at 14 days as the dependent variable, with
baseline NIHSS and age as covariates for adjustment pur-
poses. The treatment effect is presented as an adjusted odds
ratio (aOR) with the corresponding 95% CI. Mortality was
analyzed on an intention-to-treat basis, with an assumption
that the data were missing at random.6 We explored the
sensitivity of the results to plausible departures from the
missing-at-random assumption as part of our intention-to-
treat analysis, with use of both a selection model and a
pattern mixture model.

Additional exploratory analyses undertaken were (1) time to
death, that is, days from stroke onset to death, censored at 14
days, compared between groups using Cox regression, with
the treatment effect presented as an aHR; (2) exploratory
subgroup analyses were the same as for the primary analyses
and included prespecified age, stroke severity, stroke type,
rtPA treatment, time from stroke onset to first mobilization,
and geographic region of recruitment subgroups, adjusted for
age and stroke severity.

Nonfatal SAEs were analyzed using regression models for
count data; Poisson or negative binomial regression were used
depending on the validity of distributional assumptions. In-
cidence rate ratios adjusted for age and baseline stroke se-
verity, with stroke-related and immobility-related SAEs
reported in addition to total SAEs by group.

To supplement these analyses, we also provide participant
profiles for everyone who died within 14 days of stroke. These
pictorially illustrate the interventions delivered per day, day of
fatal and nonfatal SAEs, and day of death. Interventions de-
livered per day are shown as total daily minutes spent in out-
of-bed mobilizations with physiotherapists, in addition to the
number of nursing and physiotherapy sessions reported.

All analyses were conducted using Stata 13IC statistical software
(StataCorp, College Station, TX); the graphical participant sum-
maries were produced using R statistical software (R Core Team
2017, R Foundation for Statistical Computing, Vienna, Austria).

Standard Protocols Approvals, Registrations,
and Patient Consents
Human research ethics approvalwas obtained fromall sites.Written
informed consent was obtained from participants or guardians.

Data Availability
Data may be shared by writing to the corresponding author to
obtain details of procedures and processes.

Results
In all, 2,104 participants were recruited and randomly allo-
cated to VEM (n = 1,054) or UC (n = 1,050; figure 1). The
baseline characteristics were similar between groups, with a
median age of 72 years (interquartile range [IQR] 63–80) and
median NIHSS of 7 (IQR 4–12).3 Intracerebral hemorrhage
was present in 12% and 22% had a total anterior circulation
infarct (table 1). Median acute length of stay was 7 days for both

Table 1 Characteristics of Participants Who Were Alive or Dead at 14 Days, With People Who Died Shown According to
Group (continued)

Died (n = 80)a

Alive (n = 2,018)aAll (n = 80) VEM (n = 48) UC (n = 32)

Intracerebral hemorrhage 15 (19) 12 (25) 3 (9) 242 (12)

rtPA treated 23 (29) 13 (27) 10 (31) 482 (24)

Time to randomization, h 16.5 (12.8–21.9) 18.1 (11.7–21.9) 16.4 (13.4–22.9) 18.2 (12.2–21.8)

Time to first mobilization,c h 20.0 (13.4–23.8) 16.3 (12.0–23.1) 24.8 (16.7,26.6) 20.2 (14.7–23.8)

Time to first mobilization,c category, h

<12 11 (14) 9 (19) 2 (6) 364 (18)

12–24 35 (44) 26 (54) 9 (28) 1,173 (58)

>24 15 (19) 4 (8) 11 (34) 475 (24)

Never mobilized 19 (24) 9 (19) 10 (31) 6 (0.4)

Abbreviations: NIHSS = NIH Stroke Scale; rtPA = recombinant tissue plasminogen activator treatment; UC = usual care; VEM = very early mobilization.
Data are n (%) or median (interquartile range).
a Death status is known for 2,098 participants; 4 were lost to follow-up and 2 withdrew (n = 1, never mobilized; all 6 were in the VEM group).
b Smoker: current smoker or quit smoking in the last 2 years; ex-smoker: quit smoking more than 2 years ago.
c Time to first mobilization reported for those who were mobilized. The distribution (%) of patients mobilized in each time category for those who died is
similar to the distribution of patients mobilized in VEM and UC groups in the whole trial.3
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groups. VEM participants commenced 4.8 hours earlier, and had
a median of 3 additional sessions/day and a median of 20 ad-
ditional minutes of training per day compared to UC.3 Twelve
VEM participants (1.1%) were never mobilized, in comparison
with 14 in UC (1.3%). Mortality status at 14 days was unknown
for 6 (<0.5%) participants, all of whomwere in VEM. Of these 6
participants, 2 withdrew from the trial before day 14. Four par-
ticipants were discharged from hospital prior to 14 days (at days
2, 3, 4, and 6 post stroke) andwere lost to follow- up at 3months.
Their mortality status at day 14 was unknown as there was no
searchable death register in these countries.

Deaths
Eighty participants had died by 14 days, an overall case fatality
rate of 3.8%. Of these, 48 (4.6%) were in the VEM group and

32 (3.0%) in UC. Of those who died within 14 days, 9 VEM
and 10 UC participants had SAEs prior to any mobilization
(table 1). Baseline characteristics of those who died were
similar between treatment groups (table 1).

Participants in VEM had significantly greater odds of death by
day 14 compared to those in UC (aOR 1.76, 95% CI
1.06–2.92, p = 0.029). In Cox regression analysis, the partic-
ipants in the VEM group had a greater risk of dying at any
point within 14 days than those in the standard care group
(aHR 1.59, 95% CI 1.01–2.48, p = 0.044). Sensitivity analyses
using selection and pattern mixture models supported these
results (aOR 1.76, 95% CI 1.06–2.92, p = 0.029). The age-
and severity-adjusted exploratory subgroup analyses (figure
2) indicated that there was a greater odds of death within 14

Figure 2 Forest Plot: Subgroup Analysis for Death at 14 Days

Total number of deaths at 14 days, n = 80 (very
early mobilization [VEM] 48, usual care [UC] 32).
Missing data: unknown status at day 14, n = 6.
Subgroup interactions were not significant. CI =
confidence interval; OR = odds ratio; rtPA =
recombinant tissue plasminogen activator.
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days in those aged over 80 years (aOR 2.38, 95% CI
1.12–5.08) and with intracerebral haemorrhage stroke (aOR
4.17, 95% CI 1.06–16.43) who were treated with VEM
compared to UC. However, treatment by subgroup interac-
tions were not significant (all p > 0.05) and there was poor
estimate precision due to the small number of deaths in these
subgroups (>80 years: VEM, n = 27; UC, n = 13; intracerebral
hemorrhage: VEM, n = 12; UC, n = 3).

During the intervention period (0–14 days), stroke-related
events were the most common cause of death (VEM, n = 29/
48; UC, n = 16/32) (table 2). The outcomes committee
adjudicated that death events were “probably” or “possibly”
related to treatment in 26/48 (54%) of VEM and 14/32
(44%) of UC participants (table 3).

The clinical profiles of those who died within 14 days of stroke,
including age, stroke severity (NIHSS), and stroke type
(ischemic/hemorrhage), as well as the interventions received, the
number and timing of SAEs, and day of death, are displayed in

figure e-1 (doi.org/10.5061/dryad.9s4mw6mcq). Median time
from stroke onset to death was 4 (VEM) and 5 (UC) days. Of
those who died, 73% (35/48) from the VEM group were mo-
bilized within 24 hours, compared to 34% (11/32) of those in
UC. Nine VEM participants who died were never mobilized (8
died from stroke events), compared with 10 in UC (7 died from
stroke events). The remainder weremobilized later than 24 hours.

Nonfatal SAEs to 14 Days
There were 124 nonfatal SAEs recorded for the VEM group and
130 in the UC group (table 4). The proportion of participants
with nonfatal, stroke-related, and immobility-related SAEs did not
differ significantly between groups (negative binomial regression
analyses, table 4). By 14 days, 6 nonfatal serious falls were
reported (VEM, 2; UC, 4); the numbers were too few to analyze.

Discussion
Whereas the overall case fatality at 14 days poststroke was
only 3.8%, this prespecified analysis has shown that risk of

Table 2 Cause of Death From 0 to 14 Days and 15 Days to 3 Months

Days 0–14 Day 15–3 months

VEM, n = 48/1,054 UC, n = 32/1,050 VEM, n = 40/1,054 UC, n = 40/1,050

Stroke-related

Stroke progression 28 16 3a 3a

Recurrent stroke 1 0 10 7

Immobility-related

Pneumonia 10 8 9 7

Urinary tract infection 0 0 0 3

Pulmonary embolism 3 0 0 1

Fall with fracture/head injury 1 0 1 0

Other

Other neurologic 0 0 0 2

Cardiovascular 4 3 4 2

Pulmonary 0 0 1 1

Gastrointestinal 0 1 1 2

Metabolic and endocrine 0 0 0 2

Renal and urinary 0 1 0 2

Oncologic 0 0 4 0

Infections 0 0 2 0

Unable to be determined 0 2 2 5

Sudden unexplained death 1 1 3 3

Abbreviations: UC = usual care; VEM = very early mobilization.
All death events at 14 days and day 15–3 months. Death events due to stroke progression or recurrence at 14 days (n = 45). Includes participants who were
never mobilized prior to death.
a Note that events that commenced on day 0–14 but death occurred after day 14 are included in the day 15 to 3 months data.
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death was significantly greater in those who undertook higher
dose out-of-bed mobilization (VEM) as compared to a lesser
dose mobilization in UC. The absolute difference in deaths by
day 14 was 16 more in the VEM group, and this difference
remained at 3 months (VEM, 88; UC 72).

Prior to AVERT, small trials and meta-analyses showed a
higher number of deaths in participants undertaking early
mobility-based interventions compared to controls, but these
results failed to reach clinical or statistical significance.1 In the
primary AVERT report of 3-month outcomes,3 deaths at 3
months were not significantly different between groups. A re-
cent Cochrane review2 of all relevant trials shows higher, but
nonsignificant differences in death at 3months when compared
with delayed or lower dosemobilization (8.5%VEM; 6.7%UC;
odds ratio [OR] 1.27, 95% CI 0.95 to 1.70; p = 0.11, n = 2,570;
moderate-quality evidence). This tertiary safety analysis from
the AVERT trial suggests that when VEM-related death occurs,
it occurs within the first 14 days after onset.

Our exploratory analysis suggests that people aged over 80
years and those with intracerebral haemorrhage have greater
odds of early death with higher dose intervention, and the
most common cause of death was stroke-related events
(stroke progression or recurrence). However, no significant
treatment by subgroup interaction was found, and observa-
tion numbers were small. Nevertheless, understanding why

subgroups of participants carry higher risk of harm is imper-
ative for development of safe treatment protocols.

Substantial attention has been paid to understanding early
neurologic deterioration in acute ischemic stroke, particularly
in those treated with rtPA. In their 2015 systematic review,
which included 31 studies (26 focused on IV rtPA-treated
patients, 5 on nonthrombolysed patients), Seners et al.7

concluded that while symptomatic ICH and malignant edema
may account for approximately 20% of cases of early neuro-
logic deterioration, in the majority of cases no clear cause was
identified. It should be noted that in AVERT only 23 of the
504 (4.6%) participants treated with rtPA died within 14 days,
with no between-group differences observed. The association
between a range of clinical factors, such as age, hyperglycemia,
admission BP and its early variation, temperature, stroke eti-
ology, and severe neurologic impairment on admission, with
early neurologic deterioration were explored in this review. A
range of plausible reasons exist why one or more of these
factors may be associated with early deterioration and a larger
risk of death or dependency, but there appears to be no clear
evidence to underpin accurate prediction of who may expe-
rience early deterioration after ischemic stroke. Seners et al.7

also raise the issue of considerable variation in definitions of
early neurologic deterioration. In AVERT, stroke progression
was defined as “worsening of symptoms in the same vascular
territory as the initial stroke event within 14 days of initial

Table 3 Outcomes Committee’s Blinded Independent Adjudication of Relationship to Treatment of Medical Events
Leading to Death, n (%)

All death events at 14 days and day 15 to 3 months

14 Days (n = 80) Day 15–3 months (n = 160)

VEM (n = 48) UC (n = 32) VEM (n = 40) UC (n = 40)

Probably related 1 (2) 0 (0) 0 (0) 0 (0)

Possibly related 25 (52) 14 (44) 3 (8) 3 (8)

Probably not related 6 (13) 12 (38) 4 (10) 3 (8)

Not related 16 (33) 6 (19) 33 (83) 34 (85)

Death events due to stroke progression or recurrence at 14 days
(n = 45). Includes participants who were never mobilised prior to death VEM (n = 29) UC (n = 16)

Probably related 1 (3) 0 (0)

Possibly related 15 (52) 6 (38)

Probably not related 1 (3) 7 (44)

Not related 12 (42) 3 (19)

All death events at 14 days for all mobilised participants (n = 61) VEM (n = 39) UC (n = 22)

Probably related 1 (3) 0 (0)

Possibly related 22 (56) 12 (54)

Probably not related 6 (15) 7 (32)

Not related 10 (26) 3 (14)

Abbreviations: UC = usual care; VEM = very early mobilization.
All death events at 14 days for all mobilized participants (n = 61).

Neurology.org/N Neurology | Volume 96, Number 8 | February 23, 2021 e1163

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


stroke onset.” Although we are confident that assessors were
diligent in identifying stroke progression according to this defi-
nition, in future studies, applying a neurologic worsening cutoff
(for example, NIHSS increase by ≥ 4) would improve confi-
dence in the accuracy of the diagnosis.8,9 More importantly, the
mechanism by which upright activity contributes to greater rates
of stroke events and an outcome of early death is unknown.
Understandingwho ismost at risk with early activity is important
for development of safe protocols for acute stroke patients. The
larger number of deaths in those with intracerebral haemorrhage
in intervention compared to control (12 VEM vs 3 UC) is
concerning, although individual treatment plots show no clear
pattern of intervention timing or amount that could explain these
results. One hypothesis that could be advanced to explain early
harm with upright activity relates to disturbance of cerebral
autoregulation in this hyperacute phase. Our recent systematic
review of cerebral hemodynamic changes with head position
change10 highlights ongoing uncertainty around the effect of
head position on cerebral blood flow in stroke patients. We
found 10 studies (n = 323) conducted within 48 hours post-
stroke, mostly with transcranial Doppler, most examining cere-
bral blood flow (CBF) changes in patients with ischemic stroke
moving between flat and 30° or 45° head elevation.10 No studies
were found that examined change from flat to active sitting or
standing positions, which engage large postural muscle groups,
within 48 hours of stroke. Changes in CBF were not uniform
across studies, although we did find a trend toward reduced CBF

velocity in the affected hemisphere with increased head eleva-
tion. When studied, BP was not a reliable proxy for changes in
CBF. In only 2 studies performed within 48 hours, BP changed
significantly. In both studies, BP and CBF velocity both de-
creased when elevating the head of bed angle. Further explana-
tory research in this domain is needed. A significant limitation of
the current study is that we did not collect physiologic measures
before, during, and after training, nor did we determine whether
patients with ischemic stroke had ongoing occlusion, which may
also be important. This limits our ability to further explore or
speculate in more detail about patient responses to the in-
tervention, and we would recommend that data such as these are
collected in any future explanatory studies or trials.

While it is difficult to find comparable data given the varying
inclusion criteria between trials, the 3.8% death rate in this
study was similar to the other large nonpharmacologic clinical
study addressing positioning in the acute phase of care
(HeadPoST), with death rate estimates at 14 days obtained
from hazard plots of 5% in lesser impaired acute stroke sur-
vivors (HeadPoST, n = 11,093).11 In AVERT, 45 of 2,104
(2.1%) patients died from stroke progression or recurrence at
14 days. Fatalities at 30 days due to the same cause were 2.5%
(n = 275) of deaths in HeadPoST.11

The main results of AVERT demonstrated less favorable out-
come (significantly fewer patients achieving modified Rankin

Table 4 Nonfatal Serious Adverse Events (SAEs) Within 14 Days of Stroke

SAEsa VEM (n = 1,054), n (%) UC (n = 1,050), n (%) OR or IRR (95% CI) p Value HR (95% CI) p Value

Nonfatal (all categories) 0.97 (0.74–1.27) 0.81 1.05 (0.80–1.38) 0.70

0 943 (89) 944 (90)

1 100 (9) 86 (8)

2 9 (<1) 17 (2)

3 2 (<1) 2 (<1)

4 0 (<1) 1 (<1)

Stroke-relatedb 1.22 (0.82–1.82) 0.34 1.28 (0.85–1.91) 0.24

0 1,001 (95) 1,008 (96)

1 53 (5) 40 (4)

2 0 (0) 2 (<1)

Immobility-relatedc 0.93 (0.44–1.96) 0.85 0.96 (0.47–1.94) 0.91

0 1,039 (99) 1,034 (99)

1 13 (1) 14 (1)

2 2 (<1) 2 (<1)

Abbreviations: CI = confidence interval; HR = hazard ratio; IRR = incidence rate ratio; OR = odds ratio; UC = usual care; VEM = very early mobilization.
Details of all nonfatal SAEs are included. Nonfatal SAE data from participants who died of other SAEs are included. All analyses are adjusted for age and NIH
Stroke Scale score.
a Counted per participant.
b Stroke progression (worsening of symptoms in the same vascular territory as the initial stroke event occurring within 14 days) or recurrent stroke (new
events occurring in a different vascular territory within the first 14 days or any new event beyond 14 days).
c Pneumonia, urinary tract infection, pulmonary embolism, deep vein thrombosis, and pressure sores.
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Scale score 0–2) at 3 months with early, high-dose training.3

This analysis shows higher odds of death (age and severity-
adjusted OR 1.76, 95% CI 1.06–2.92) with excess early deaths
(n = 16) in the same group. Clinical practice guidelines have
been revised to reflect this finding and, while not uniform,
recommendations to delay or modify mobilization practices
now exist. However, the clinical and research community
continue to seek greater guidance for clinical protocols in this
early period poststroke.12 Further research is required to ad-
vance rehabilitation practice very early after stroke.
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