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Prophylactic antibiotics after acute stroke for reducing 
pneumonia in patients with dysphagia (STROKE-INF): 
a prospective, cluster-randomised, open-label, masked 
endpoint, controlled clinical trial
Lalit Kalra, Saddif Irshad, John Hodsoll, Matthew Simpson, Martin Gulliford, David Smithard, Anita Patel, Irene Rebollo-Mesa, on behalf of the 
STROKE-INF Investigators*

Summary
Background Post-stroke pneumonia is associated with increased mortality and poor functional outcomes. This 
study assessed the eff ectiveness of antibiotic prophylaxis for reducing pneumonia in patients with dysphagia after 
acute stroke.

Methods We did a prospective, multicentre, cluster-randomised, open-label controlled trial with masked endpoint 
assessment of patients older than 18 years with dysphagia after new stroke recruited from 48 stroke units in the UK, 
accredited and included in the UK National Stroke Audit. We excluded patients with contraindications to antibiotics, 
pre-existing dysphagia, or known infections, or who were not expected to survive beyond 14 days. We randomly 
assigned the units (1:1) by computer to give either prophylactic antibiotics for 7 days plus standard stroke unit care or 
standard stroke unit care only to patients clustered in the units within 48 h of stroke onset. We did the randomisation 
with minimisation to stratify for number of admissions and access to specialist care. Patient and staff  who did the 
assessments and analyses were masked to stroke unit allocation. The primary outcome was post-stroke pneumonia in 
the fi rst 14 days, assessed with both a criteria-based, hierarchical algorithm and by physician diagnosis in the 
intention-to-treat population. Safety was also analysed by intention to treat. This trial is closed to new participants and 
is registered with isrctn.com, number ISRCTN37118456.

Findings Between April 21, 2008, and May 17, 2014, we randomly assigned 48 stroke units (and 1224 patients clustered 
within the units) to the two treatment groups: 24 to antibiotics and 24 to standard care alone (control). 11 units and 
seven patients withdrew after randomisation before 14 days, leaving 1217 patients in 37 units for the intention-to-treat 
analysis (615 patients in the antibiotics group, 602 in control). Prophylactic antibiotics did not aff ect the incidence of 
algorithm-defi ned post-stroke pneumonia (71 [13%] of 564 patients in antibiotics group vs 52 [10%] of 524 in control 
group; marginal adjusted odds ratio [OR] 1·21 [95% CI 0·71–2·08], p=0·489, intraclass correlation coeffi  cient [ICC] 
0·06 [95% CI 0·02–0·17]. Algorithm-defi ned post-stroke pneumonia could not be established in 129 (10%) patients 
because of missing data. Additionally, we noted no diff erences in physician-diagnosed post-stroke pneumonia between 
groups (101 [16%] of 615 patients vs 91 [15%] of 602, adjusted OR 1·01 [95% CI 0·61–1·68], p=0·957, ICC 0·08 [95% CI 
0·03–0·21]). The most common adverse events were infections unrelated to post-stroke pneumonia (mainly urinary 
tract infections), which were less frequent in the antibiotics group (22 [4%] of 615 vs 45 [7%] of 602; OR 0·55 [0·32–0·92], 
p=0·02). Diarrhoea positive for Clostridium diffi  cile occurred in two patients (<1%) in the antibiotics group and four 
(<1%) in the control group, and meticillin-resistant Staphylococcus aureus colonisation occurred in 11 patients (2%) in 
the antibiotics group and 14 (2%) in the control group.

Interpretation Antibiotic prophylaxis cannot be recommended for prevention of post-stroke pneumonia in patients 
with dysphagia after stroke managed in stroke units. 

Funding UK National Institute for Health Research.

Introduction
Post-stroke pneumonia occurs in 10% of patients after 
an acute stroke, and is associated with a trebled increase 
in mortality.1–3 Dysphagia, which occurs in 50–55% of 
patients after a stroke, is an important risk factor for 
post-stroke pneumonia; the prevalence of post-stroke 
pneumonia in patients with dysphagia is 16–19%, 
compared with 2–8% prevalence in those without 
dysphagia.4 Prophylactic antibiotics might decrease the 

risk of post-stroke penumonia,5 mortality, and disability 
in such patients but could also increase antibiotic-
related infections.6

Pooled data from 506 stroke patients5 showed a 14% 
reduction in all infections with prophylactic antibiotics 
but their eff ectiveness in reducing post-stroke 
pneumonia, mortality, and disability was equivocal. 
Findings from the Preventive Antibiotics in Stroke Study 
(PASS)7 showed a signifi cant reduction in infections with 
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ceftriaxone but no eff ect on functional outcome scores. 
These studies were heterogeneous in size; some included 
patients with mild strokes and low risk of post-stroke 
pneumonia, some were not controlled for quality of 
stroke care (which is known to reduce post-stroke 
pneumonia8), and only PASS has assessed the incidence 
of Clostridium diffi  cile toxin (CDT)-positive diarrhoea. 
Existing guidelines do not lend support to the use of 
prophylactic antibiotics in patients who have had a 
stroke.9 Therefore, the aim of our study was to assess the 
eff ectiveness of prophylactic antibiotics for reducing 
incidence of post-stroke pneumonia, mortality, and 
admissions to hospital, and improving functional 
outcome in patients after acute stroke with dysphagia.

Methods
Study design and participants
In this prospective, multicentre, cluster-randomised, 
open-label controlled trial with masked endpoint 
assessment (STROKE-INF), we randomly assigned 48 UK 
stroke units (1:1) to give patients either prophylactic 
antibiotics for 7 days plus standard stroke unit care or 
standard stroke unit care only. We invited stroke units to 
complete the Expression of Interest forms through the 

National Institute for Health Research (NIHR) Stroke 
Research Network (SRN) trials offi  ce. Patients in selected 
units or their next of kin were approached by SRN 
research coordinators to check their eligibility and provide 
patient information sheets before consent. Units were 
eligible if they were accredited and included in the UK 
National Stroke Audit.10 We purposely chose a cluster-
randomised trial design to minimise between-group 
contamination of an open intervention in the same 
setting. Patients were eligible if they were aged older than 
18 years, had a confi rmed diagnosis of new stroke 
(ischaemic or haemorrhagic) with onset of symptoms 
within 48 h at recruitment, and were unsafe to swallow 
because of impaired consciousness, failed bedside 
swallow test, or presence of a nasogastric tube. We 
excluded those with contraindications to antibiotics, pre-
existing dysphagia, pyrexia, known infection at admission, 
use of antibiotics within the past 7 days, pregnancy, or 
those who were not expected to survive beyond 14 days. 
Patients or their next of kin provided written informed 
consent or assent, respectively. The study was approved 
by the UK Medicines and Healthcare products Regulatory 
Agency (EudraCT number 2007-004298-24) and the 
National Research Ethics Committee (08/H0803/1).

Research in context

Evidence before this study
We searched PubMed, Embase, ClinicalTrials.gov, and ISRCTN.
org for trials of any design of prophylactic or preventive 
antibiotics in patients with acute stroke (any setting). We 
identifi ed one observational study, and two completed 
randomised clinical trials and three in progress, which showed 
that fi rst, post-stroke pneumonia was common and associated 
with high mortality, and second, eff ectiveness of prophylactic 
antibiotics was equivocal. Our updated search of the scientifi c 
literature in October, 2014, showed fi ve completed trials 
pooled in a Cochrane meta-analysis (published in 2012), which 
showed that preventive antibiotics reduced infections (relative 
risk [RR] 0·58, 95% CI 0·43–0·79) but had little eff ect on 
mortality (0·85, 0·47–1·51) and dependence (0·67, 0·32–1·43). 
Since the review, the Preventive Antibiotics in Stroke Study 
(PASS) in 2538 patients showed that intravenous ceftriaxone 
given for 4 days reduced infections but did not improve 
functional outcomes at 3 months (published in 2015). In 
addition to the study reported in this paper, a trial is in 
progress (STRAWINSKI [NCT01264549]), comparing 
procalcitonin-guided antibiotic treatment with standard care 
in 230 patients. This study has completed recruitment but the 
fi ndings have not yet been reported.

Added value of this study
Published studies include 30–40% of patients with mild 
strokes and no dysphagia, for whom the risk of aspiration and 
the benefi t of prevention are low. Many studies did not control 
either for the quality of stroke unit care (known to reduce 

post-stroke pneumonia) or allow for the variations in local 
antibiotic policies (which determine choice of agent in clinical 
settings). Only PASS assessed the incidence of 
Clostridium diffi  cile diarrhoea, an important issue in antibiotic 
stewardship. Detection bias in previous studies was minimised 
by masked adjudication to reduced false-positive diagnoses of 
post-stroke pneumonia. This method does not adjust for 
false-negative disease missed on initial assessment. Finally, 
the confounding eff ect of higher mortality on length-of-stay 
comparisons was not adjusted in previous studies. This study 
included only patients at high risk of aspiration managed on 
specialist stroke units. It allowed for local antibiotic policies to 
be followed rather than prescribe a specifi c antimicrobial. 
A criteria-driven algorithm for diagnosis of post-stroke 
pneumonia applied to the whole dataset masked to allocation, 
thus minimising both false-positive and false-negative 
diagnoses. Comparisons of admissions to hospital were 
undertaken with death as a competing risk. The study showed 
that prophylactic antibiotics do not reduce post-stroke 
pneumonia, mortality, or dependence but might increase the 
length of hospital stay and poor outcomes in patients after 
acute stroke with dysphagia who are managed on specialist 
stroke units.

Implications of all the available evidence
Evidence is against the routine use of antibiotics for prophylaxis 
against post-stroke pneumonia and suggests judicious use in 
stroke patients managed on stroke units, even if at high 
aspiration risk.



Articles

www.thelancet.com   Vol 386   November 7, 2015 1837

Randomisation and masking
We did the randomisation using a minimisation 
algorithm,11 stratifying centres for number of stroke 
admissions per year and proportion admitted directly to 
specialist care. Randomisation was computer generated 
and done away from the trial offi  ce.

Patients, research staff  obtaining data, and statis-
ticians undertaking analyses of the outcome data were 
unaware of stroke unit allocation. Baseline data were 
obtained by Clinical Research Network staff  who were 
not involved in patient care. Detection bias for the 
primary outcome between groups was minimised by a 
criteria-based algorithm for diagnosis of post-stroke 
pneumonia, applied blind to the whole dataset. 
Mortality and functional status at 90 days were assessed 
by trial offi  ce researchers masked to allocation. The 
statistical analysis plan was written without knowledge 
of outcome data.

Procedures
All patients received recommended care for dysphagia.9 
Antibiotic choice at intervention centres conformed to 
local antibiotic policy, but amoxicillin or co-amoxiclav,  
together with clarithromycin for 7 days were 
recommended if no restrictions applied.12 Antibiotics 
were initiated within 48 h of symptom onset at a dose 
and by a route according to local guidelines. Physicians 
were allowed to treat suspected infections with additional 
antibiotics.

Patient characteristics were recorded on enrolment. We 
assessed stroke severity with the National Institutes of 
Health Stroke Scale (NIHSS), scores ranging from 0 (no 
neurological defi cit or stroke) to 42 (severe defi cit), at 
baseline and 14 days or discharge. Dysphagia-trained 
nursing staff  assessed swallowing using the standard 
bedside swallowing assessment test consisting of 
measuring levels of consciousness, oromotor function, 
and consumption of water or food.13 Respiratory rate, 
temperature, chest symptoms and signs, white blood cell 
counts, and C-reactive protein were recorded at baseline, 
2, 4, 7, 10, and 14 days by the treating clinician. Local 
guidelines for investigations were adhered to for 
suspected post-stroke pneumonia. We assessed mortality, 
functionality, and quality of life on day 90, and physician-
diagnosed new pneumonia from day 15 to day 90. Stroke 
severity was measured at baseline, day 7, and day 14 (or at 
discharge if earlier than 14 days). We measured liver and 
renal enzymes (and did other laboratory tests) at baseline, 
2, 7, 10, and 14 days. 

Patients in hospitals in the UK are routinely screened 
for meticillin-resistant Staphylococcus aureus (MRSA) and 
CDT if they develop diarrhoea. We defi ned C diffi  cile 
infection as diarrhoea in combination with a positive CDT 
test and ascertained the diagnosis with hospital infection 
surveillance records for 1 month after intervention. We 
defi ned MRSA colonisation as new positive isolates 
between hospital admission and discharge.

Outcomes
The primary outcome was post-stroke pneumonia,  
determined by a statistician masked to allocation, using a 
criteria-based hierarchical algorithm. Additionally, a 
diagnosis of pneumonia made by the local treating 
physician was also recorded as a co-primary outcome. 
The algorithm was derived from criteria for pneumonia 
from the Centres for Disease Control and Prevention14 
that assess eight clinical or laboratory fi ndings at 
six timepoints (baseline, 2, 7, 10, and 14 days) for (1) 
patient’s temperature of at least 37·5°C or higher on two 
consecutive measurements or one measurement of 
38·0°C or higher and (2) a respiratory rate of 20 breaths 
per min or more, or cough and breathlessness, or 
purulent sputum, and (3) a white blood cell count that is 
higher than 11·0 × 10⁹/L, or chest infi ltrates on 
radiograph, or positive sputum culture or microbiology, 
or positive blood culture. 

Secondary clinical endpoints included NIHSS score at 
14 days, death at 14 and 90 days, functional outcome at 
90 days defi ned by the modifi ed Rankin Scale (mRS) 
which ranges from 0 (no symptoms) to 6 (death), 
CDT-positive diarrhoea, MRSA colonisation, health-related 
quality of life measured at 90 days with the fi ve domains of 
the European Quality of Life (EuroQoL) scale, physician-
diagnosed new pneumonia at baseline, 2, 7, 10, and 14 days, 
length of stay in hospital, and time to death.

As well as being outcomes, physician-diagnosed 
post-stroke pneumonia, CDT diarrhoea, and MRSA 
colonisation were serious adverse events that required 
obligatory reporting to the trial offi  ce. We also recorded 
stroke extension, gastrointestinal bleed, cardiac events, 
increased liver or renal enzymes, and transfer to intensive 
care as serious adverse events.

Statistical analysis
In a pooled analysis of 881 patients,4 post-stroke pneumonia 
occurred in 87 (22%) of 400 patients with dysphagia and in 
29 (6%) of 491 without dysphagia. We calculated that ten 
clusters of 40 patients each would give 80% power to detect 
an absolute diff erence between 22% and 10%, with an 
intraclass correlation coeffi  cient (ICC) of 0·05.15 We 
recalculated the sample size to decrease cluster size, and 
increase the number of centres because of slow 
recruitment. We set a recruitment target of 1450 to allow 
an attrition rate of 25%; the actual attrition rate was 3%, 
which needed 1200 participants. Results from a post-hoc 
power analysis suggest that, taking into account the actual 
missing rate, reported ICC, and average cluster size, this 
study would have been powered to detect an absolute 
diff erence between control and treatment groups of 
10·5%, with 80% power and a two-sided 5% type I error.

Primary and safety analyses were intention to treat. We 
used a generalised mixed model with post-stroke 
pneumonia as the primary outcome to account for patients 
nested within centres; details for the calculation of post-
stroke pneumonia are provided in the appendix. A fi xed See Online for appendix
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contrast for treatment eff ect was included to establish the 
mean treatment eff ectiveness for the antibiotics group 
versus the control group. Other patient-level covariates 
included age, sex, baseline NIHSS score, premorbid mRS 
score, stroke type, previous strokes, thrombolysis, chronic 
lung disease, and smoking. Centre-level covariates were 
the number of admissions for stroke per year and quartile 
ranking of the centre in the 2012 national stroke audit, 
which took into consideration casemix and quality of care.16 
To account for missingness, all outcome data (primary and 
secondary) was included by multiple imputation via 
chained equations under the assumption of missingness 
at random. 25 imputations of data were generated and 
combined with Rubin’s rules. Variables in the imputation 
model included all variables in the primary analysis model 
because no others were identifi ed as predictive of 
missingness. We did sensitivity analyses to check the eff ect 
of missingness on the results. We used the marginal (or 
population) odds ratio (OR) because population estimates 
are more likely to show the true eff ect of treatment.17 The 
ICC was calculated with 95% CIs.

We used similar methods and prognostic variables to 
analyse secondary outcomes. We assessed all-cause 
mortality as a binary outcome. The mRS was 
dichotomised to good (0–2) and poor outcome (3–6), and 

Figure 1: Trial profi le

66 stroke units who expressed interest 
were assessed for eligibility

48 stroke units enrolled and randomised

18 excluded
1 did not meet inclusion criteria

17 unable to participate because 
of hospital antibiotics policy

24 centres allocated to standard care 
alone without antibiotics (control)

3 withdrew because of change in permission 
from hospital infection control policy

2 withdrew because of change in status from 
admission to support unit

19 centres participating

604 patients in control group
Median 19 patients per unit (IQR 10–53)

604 assessed at 14 days
2 withdrew consent

59 died

602 had 14 day outcomes available

543 assessed at 90 days
527 had 90 day outcomes available
158 died 

0 withdrawn between 
day 14 and 90

16 lost to follow-up

24 centres allocated to antibiotics intervention
6 withdrew because of change in permission 

from hospital infection control policy
18 centres participating 

620 patients in antibiotics group
Median 29 patients per unit (IQR 10–54) 

620 assessed at 14 days
5 withdrew consent

64 died

615 had 14 day outcomes available

2 withdrawn between 
day 14 and 90

18 lost to follow-up

551 assessed at 90 days
531 had 90 day outcomes available
184 died 

Antibiotics 
group (n=615)

Control group 
(n=602)

Age (years) 77·7 (11·9) 78·0 (12·2)

Missing data 0 1 (0·2%)

Sex

Male 265 (43%) 258 (43%)

Female 347 (56·5%) 343 (56·8%)

Missing data 3 (0·5%) 1 (0·2%)

Type of stroke

Ischaemic 546 (89%) 545 (91%)

Haemorrhagic 69 (11%) 56 (9%)

Missing data 0 1 (0·2%)

Thrombolysis 192 (31%) 205 (34%)

Missing data 0 3 (0·5%)

Nasogastric tube 164 (27%) 134 (22%)

Missing data 0 0

Score on National Institutes of Health 
Stroke Scale*

15 (9–20) 14 (9–20)

Missing data 1 (0·2%) 3 (0·5%)

Comorbidities

Hypertension 433 (70%) 404 (67%)

Diabetes 105 (17%) 97 (16%)

Atrial fi brillation 227 (37%) 221 (37%)

Chronic obstructive pulmonary 
disease

48 (8%) 40 (7%)

Previous strokes 176 (29%) 176 (29%)

Missing data 0 1 (0·2%)

Current smoker 96 (16%) 88 (15%)

Missing data 18 (3%) 10 (2%)

Premorbid score of 0–2 on the modifi ed 
Rankin Scale before onset of stroke†

490 (80%) 498 (83%)

Missing data 9 (1%) 9 (1%)

Antibiotic use on days 0–7 after stroke

Any antibiotic at least once 602 (98%) 207 (34%)

Any antibiotic at least three times 536 (87%) 62 (10%)

Co-amoxiclav or amoxicillin, plus 
clarithromycin

477 (78%) 1 (0·2%)

Co-amoxiclav alone 53 (9%) 41 (7%)

Amoxicillin alone 36 (6%) 9 (1%)

Amoxicillin plus metronidazole 22 (4%) 29 (5%)

Cephalosporins 14 (2%) 4 (0·7%)

Other antibiotics‡ 81 (13%) 123 (20%)

Missing data 0 0

Data are mean (SD), n (%), or median (IQR). *Maximum score (worst outcome) is 
42 (severe stroke). †Maximum score (worst outcome) is 6 (death). ‡Includes 
second-line antibiotics for post-stroke pneumonia; ie, tazocin (piperacillin with 
tazobactam), gentamicin, meropenem, and vancomycin, and antibiotics for 
urinary tract infections and other infections; ie, trimethoprim, ciprofl oxacin, 
doxycycline, and fl ucloxacillin. 

 Table 1: Baseline patient characteristics of the intention-to-treat 
population
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we assessed mRS shift using ordinal regression of the 
entire range (0–6) and checked it by fi tting a marginal 
model and applying Brant’s parallel regression test.18 
NIHSS score at 14 days was assessed with a baseline 
adjusted linear mixed model. We assessed group 

diff erences in length of hospital stay and time to death 
using Fine and Gray’s cumulative incidence curve model 
adjusted for clustering,19 with death or discharge as 
competing risk. For the logistic and ordinal regressions 
we included a random intercept for each centre to allow 

Antibiotics group Control group Diff erences between groups Adjusted diff erences between groups

Odds ratio (95% CI) p value Adjusted odds ratio 
(95% CI)*

p value

Primary outcome of post-stroke pneumonia at 14 days

Algorithm diagnosed 71/564 (13%) 52/524 (10%) 1·35 (0·79–2·29) 0·269 1·21 (0·71–2·08) 0·489

Physician diagnosed† 101/615 (16%) 91/602 (15%) 1·03 (0·66–1·61) 0·889 1·01 (0·61–1·68) 0·957

Secondary outcomes

Score on National Institutes of Health Stroke Scale at 14 days‡ 11·7 (8·1) 10·1 (7·7) 1·69 (0·47–2·91)§ 0·007 1·3 (0·6–2·01)§ 0·001

All-cause mortality at 14 days 62/596 (10%) 56/587 (10%) 1·05 (0·67–1·64) 0·846 0·95 (0·62–1·44) 0·796

All-cause mortality at 90 days 184/595 (31%) 158/586 (27%) 1·2 (0·93–1·54) 0·164 1·22 (0·9–1·64) 0·204

Score of 0–2 on the modifi ed Rankin Scale at 90 days 109/595 (18%) 121/586 (21%) 0·89 (0·66–1·2) 0·436 0·87 (0·6–1·24) 0·448

Score on the modifi ed Rankin Scale at 90 days

0 (no symptoms at all) 14/595 (2%) 20/586 (3%) ·· ·· ·· ··

1 (no disability despite symptoms) 38/595 (6%) 40/586 (7%) ·· ·· ·· ··

2 (slight disability) 57/595 (10%) 61/586 (10%) ·· ·· ·· ··

3 (moderate disability needing some help) 79/595 (13%) 89/586 (15%) ·· ·· ·· ··

4 (severe disability needing help with daily living) 110/595 (18%) 117/586 (20%) ·· ·· ·· ··

5 (severe disability, bed bound, and incontinent) 113/595(19%) 101/586 (17%) ·· ·· ·· ··

6 (death) 184/595 (31%) 158/586 (27%) ·· ·· ·· ··

CDT-positive diarrhoea† 2/615 (0·3%)  4/602 (0·7%) 0·49 (0·04–3·33) 0·45 ·· ··

MRSA colonisation† 11/615 (2%) 14/602 (2%) 0·76 (0·31–1·82) 0·55 ·· ··

EuroQoL at 90 days

Problems with mobility¶ 289/411 (70%) 296/428 (69%) 1·05 (0·74–1·48) 0·794 1·08 (0·77–1·52) 0·657

Problems with self-care¶ 292/411 (71%) 299/428 (70%) 1·03 (0·75–1·4) 0·872 1·06 (0·75–1·50) 0·749

Problems with usual activities¶ 349/409 (85%) 364/424 (86%) 0·96 (0·62–1·49) 0·857 0·96 (0·62–1·49) 0·854

Pain or discomfort¶ 217/405 (54%) 207/418 (50%) 1·21 (0·87–1·69) 0·255 1·09 (0·80–1·47) 0·593

Anxiety or depression¶ 211/398 (53%) 214/415 (52%) 1·02 (0·77–1·34) 0·893 1·06 (0·80–1·42) 0·673

New pneumonia from 15 to 90 days¶ 56/339 (17%) 56/396 (14%) 1·05 (0·7–1·58) 0·81 1·03 (0·65–1·62) 0·905

Time to hospital discharge (days) 26 (12–55) 19 (9–43) 0·81 (0·66–1·03)|| 0·081 0·82 (0·65–1·02)|| 0·074

Time to death (days) 24 (9–64); 34·2 (64·6) 26 (8–64); 39·6 (40·0) 1·30 (1·00–1·70)|| 0·051 1·33 (1·01–1·75)|| 0·045

Serious adverse events

Infections unrelated to post-stroke pneumonia 22/615 (4%) 45/602 (7%) 0·55 (0·32–0·92) 0·02 ·· ··

Urinary tract infections 15/615 (2%) 39/602 (6%) ·· ·· ·· ··

Others 7/615 (1%) 6/602 (1%) ·· ·· ·· ··

Systemic events

CT-confi rmed stroke extension 23/615 (4%) 22/602 (4%) 1·03 (0·54–1·96) 0·98 ·· ··

Other neurological events including intracranial haemorrhage 14/615 (2%) 12/602 (2%) 1·15 (0·49–2·78) 0·84 ·· ··

Gastrointestinal bleed 5/615 (0·8%) 6/602 (1%) 0·81 (0·2–3·23) 0·77 ·· ··

Cardiac (MI, HF, pulmonary oedema) 15/615 (2%) 11/602 (2%) 1·35 (0·57–3·23) 0·55 ·· ··

Raised hepatic or renal enzymes 8/615 (1%) 7/602 (1%) 1·11 (0·35–3·7) 0·89 ·· ··

Transfer to intensive care 6/615 (1%) 4/602 (0·7%) 1·47 (0·35–7·14) 0·75 ·· ··

Miscellaneous 6/615 (1%) 8/602 (1%) 0·73 (0·21–2·33) 0·60 ·· ··

Data are n/N (%), mean (SD), or median (IQR). ··=not applicable. EuroQoL=European Quality of Life scale. CDT=Clostridium diffi  cile toxin. MRSA=meticillin-resistant Staphylococcus aureus. MI=myocardial 
infarction. HF=heart failure. *Adjusted for age, sex, premorbid score on the modifi ed Rankin Scale (mRS), severity and type of stroke, thrombolysis, chronic lung disease, smoking, and centre characteristics. 
†Also counted as a serious adverse event. ‡Maximum score (worst outcome) is 42 (severe stroke). §Mean diff erence between scores on the National Institutes of Health Stroke Scale (NIHSS) from linear mixed 
models with treatment and treatment-by-day interaction, adjusted for baseline NIHSS score, age, sex, premorbid mRS score, severity and type of stroke, thrombolysis, chronic lung disease, smoking, centre 
characteristics, random eff ects of patient (repeated measures across day 7 and day 14), and stroke unit. ¶EuroQoL score categories for patients reporting moderate or severe problems versus no problems. 
||Hazard ratio from the cumulative incidence curve model of time to event (death or hospital discharge as a competing risk) in patients receiving antibiotic prophylaxis compared with control patients. 

 Table 2: Primary, secondary, and safety endpoints
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for diff erential statistical dependencies for patients 
within centres versus between centres.

We did subgroup analyses for the primary outcome as 
specifi ed in the protocol. These included assessment of the 
eff ectiveness of antibiotic prophylaxis according to age 
(<80 years vs ≥80 years), baseline stroke severity on the 
NIHSS scale (0–5, 6–15, 16–25, 26–42), thrombolysis, pre-
morbid stroke mRS (0–2 vs 3–5) and centre ranking 
(higher or lower than the national median). We did 
sensitivity analyses using more liberal thresholds for 
temperature, and also using physician-defi ned post-stroke 
pneumonia, which takes into account subjective patient 
assessment. We analysed antibiotic use in both groups to 
assess crossover of intervention and analysed outcomes in 
patients receiving 1, 3, or more than 3 days of antibiotics in 
both groups. Baseline characteristics and outcomes were 
summarised by treatment group. Analyses were done with 
R version 3.020 of Stata software (StataCorp 2009. Stata 
Statistical Software Release 11. College Station, TX, USA). 
Trial data were verifi ed against source data by a monitor 
from the King’s Healthcare Partners Clinical Trials Offi  ce. 
This trial is registered with isrctn.com, number 
ISRCTN37118456.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing 
of the report. The corresponding author had full access 
to all the data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
Between April 21, 2008, and May 17, 2014, we randomly 
assigned 48 stroke units (and 1224 patients clustered 
within the units) to the two treatment groups: 24 to 
antibiotics and 24 to standard care alone (control; fi gure 1). 
11 units and seven patients withdrew after randomisation 
before 14 days (withdrawn patients did not receive any 

treatment), leaving 1217 patients in 37 units for the 
intention-to-treat analysis (615 in the antibiotics group 
and 602 in the control group). No patients were lost to 
follow-up at the primary endpoint; two patients in the 
antibiotic group withdrew consent and 16 (3%) in the 
control group and 18 (3%) in the antibiotic group were 
not contactable for the 90 day follow-up.

Baseline demographic characteristics, risk factor 
profi les, and stroke severity are in table 1. 1216 (>99%) of 
1217 patients had a defi nitive stroke diagnosis, 1091 (90%) 
of whom had cerebral infarction and 125 (10%) had 
cerebral haemorrhage. Thrombolytic therapy was given 
to 397 (36%) of 1091 patients with cerebral infarction. 
The median NIHSS score at randomisation was 
15 (IQR 9–20) and 298 (25%) patients had nasogastric 
tubes. Prophylactic antibiotics were given to nearly all 
those in the antibiotics group, most of whom received 
the recommended regimen. 144 (24%) of 602 patients in 
the control group received any antibiotic at least once in 
the fi rst week for proven infections and 63 (10%) for 
pyrexia of undefi ned cause (table 1).

At 14 days, post-stroke pneumonia was diagnosed by 
algorithm in 123 (11%) of 1088 patients (table 2). A 
defi nitive diagnosis could not be established in 129 (10%) 
patients because of missing data (appendix). No 
signifi cant diff erences were apparent between any of the 
subcomponents of the algorithm (appendix). Prophylactic 
antibiotics did not reduce the incidence of algorithm-
diagnosed post-stroke pneumonia, even after we adjusted 
the results for patient, stroke, and centre characteristics 
(marginal adjusted OR 1·21 [95% CI 0·71–2·08], p=0·489; 
ICC 0·06 [95% CI 0·02–0·17]; table 2). The incidence of 
physician-diagnosed post-stroke pneumonia at 14 days 
was higher (occurring in 192 [16%] of 1217 patients), 
but again no diff erences were noted between the 
two treatment groups (marginal adjusted OR 1·01 
[95% CI 0·61–1·68], p=0·957; ICC 0·08 [95% CI 
0·03–0·21]; table 2). We assessed the agreement between 
post-stroke pneumonia diagnosed by algorithm and 
diagnosed by physician in the 1088 patients with data 
available. Post-stroke pneumonia was judged absent or 
present by both in 885 (81%) patients, present on 
algorithm only in 75 (7%), and present on physician 
diagnosis only in 128 (12%) (agreement: actual 0·81, 
expected 0·76; κ 0·22 [95% CI 0·14–0·29]).

Sensitivity analyses with more liberal criteria for 
temperature, physician-defi ned post-stroke pneumonia, 
duration of antibiotic use, and diff erent outcome 
assumptions for the 10% of patients missing a diagnosis 
did not show signifi cant diff erences in outcomes between 
patients in the control group and the antibiotics group 
(appendix).

All-cause mortality occurred in 118 (10%) of 1183 patients 
at 14 days and 342 (29%) of 1181 patients at 90 days; we 
noted no diff erences in mortality rates between treatment 
groups. There were no diff erences in the percentage of 
patients with good functional outcomes (mRS 0–2) but 

Figure 2: Cumulative incidence of time to hospital discharge and time to death
HR=hazard ratio.
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the distribution of mRS scores shifted towards worse 
outcomes at 90 days in the intervention group (adjusted 
OR 1·26 [95% CI 1·01–1·57], p=0·039; table 2). We noted a 
signifi cant association between physician-diagnosed post-
stroke pneumonia and worse functional outcome at 
90 days (p=0·001) but not for algorithm-diagnosed 
post-stroke pneumonia (appendix). NIHSS score at 
14 days was slightly but signifi cantly higher in the 
antibiotics group than in the control group (adjusted 
diff erence 1·4  [95% CI 0·6–2·1], table 2; p=0·001). No 
between-group diff erences were noted for the outcomes 
of CDT-positive diarrhoea, MRSA colonisation, EuroQoL 
scores at 90 days, or chest symptoms from 15–90 days 
(table 2). Results from the competing risks analyses of 
cumulative incidence of death and length of hospital stay 
suggested that patients in the antibiotics group were 
signifi cantly more likely to die throughout follow-up than 
patients in the control group (p=0·045; fi gure 2). Patients 
in the antibiotics group had longer stays in hospital than 
control patients, but this diff erence was not signifi cant 
(table 2, fi gure 2).

Treatment eff ect for the incidence of algorithm-defi ned 
post-stroke pneumonia at 14 days did not diff er signifi cantly 
in the predefi ned subgroups of age, premorbid functional 
status, baseline stroke severity, thrombolysis, or 
performance ranking of stroke units (fi gure 3). There was 
a signifi cant interaction between prophylactic antibiotic 

use and the type of stroke, suggesting a tendency for 
patients who have had a haemorrhagic stroke to benefi t 
from the treatment; however, the OR in both the cerebral 
infarction group and the intracerebral haemorrhage group 
was not signifi cantly diff erent from 1. No interaction was 
noted between intervention and thrombolysis for 
functional outcome at 90 days (appendix).

Few adverse events occurred in both treatment groups 
(table 2). Prophylactic antibiotics signifi cantly reduced 
the number of non-post-stroke pneumonia infections 
compared with control (p=0·02; table 2), especially 
urosepsis. The incidence of CDT-positive diarrhoea and 
MRSA colonisation and systemic serious adverse events 
were low and equal in both groups. 

Discussion
We have shown that antibiotic prophylaxis did not 
reduce post-stroke pneumonia or mortality in patients 
after acute stroke with dysphagia managed in stroke 
units. Additionally, prophylactic antibiotics might 
increase the length of hospital stay and poor outcomes 
in these patients.

Post-stroke pneumonia in this study was measured in 
two diff erent ways: fi rst, by the masked application of 
predefi ned criteria applied to the whole patient group 
giving a frequency of 11% at 14 days, and second, by 
physician diagnosis, which identifi ed this infection in 
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16% of patients at 14 days. These rates are less than those 
reported in the scientifi c literature, even in studies that 
used standard criteria.21 Although algorithms might 
underdiagnose post-stroke pneumonia, fi ndings from 
studies22 show that inter-rater reliability for diagnosing 
this disorder is also low among clinicians (κ 0·3), even 
with standardised criteria. Many physicians use fever and 
severe stroke as the main criteria, thus overdiagnosing 
incidence of post-stroke pneumonia.23 An algorithm-
based approach to diagnosis might increase accuracy but 
needs validation against other diagnostic measures. This 
study and others21–23 suggest that the true incidence is 
uncertain because of obscure presentation and an 
absence of adequate clinical methods for accurate and 
defi nitive diagnosis after stroke.

Antibiotic prophylaxis did not reduce post-stroke 
pneumonia, 90 day mortality, or functional disability. 
Sensitivity analyses or analyses with prespecifi ed 
subgroups did not show benefi ts of prophylactic 
antibiotics. The most likely explanation is that 
prophylactic antibiotics do not add to existing preventive 
measures such as positioning, regular suction, swallowing 
techniques, modifi ed diets, and early initiation of 
antibiotics in patients with suspected post-stroke 
pneumonia in specialist stroke units.8 Crossover of 
treatment might be another reason—a low threshold for 
antibiotics in stroke patients might occur in real-world 
practice but can confound the benefi t of prophylactic 
antibiotics. However, analyses based on antibiotics use in 
both groups did not change our fi ndings. Prophylaxis is 
unlikely to have an eff ect if post-stroke pneumonia is a 
marker of stroke severity rather than an independent 
determinant of outcome as reported in some studies.24 
Post-stroke pneumonia might also be a respiratory 
syndrome resulting from complex bacterial, chemical, 
and immunological causes that might not be prevented 
by antibiotics alone.7 Prophylactic antibiotic use seemed 
to be associated with a reduced incidence of post-stroke 
pneumonia in patients who had had a haemorrhagic 
stroke—however, this fi nding needs to be interpreted 
with care because, with the small numbers, the OR in 
both the stroke type groups (cerebral infarction and 
intracerebral haemorrhage) did not diff er from 1. 

Antibiotic prophylaxis was associated with longer 
hospital stay than for controls. Long stays in hospital or 
poor functional outcome could result from antibiotic-
related infections,25 but less than 1% of patients 
developed C diffi  cile diarrhoea in this study. This low 
frequency is similar to the proportion of 0·2% noted 
with antibiotic intervention in the PASS study,7 and is 
unlikely to have resulted from under-reporting because 
of ascertainment against mandatory C diffi  cile 
surveillance records at centres. Possible explanations for 
the low incidence include: a delay in discharge until 
completion of the prophylactic antibiotic regimen, 
although delay was not a protocol requirement; delays in 
diagnosis of post-stroke pneumonia because prophylactic 

antibiotics might have masked early symptoms; false 
perceptions of adequacy of continued antibiotic 
treatment—second-line antibiotics were started in all 
cases of physician-diagnosed post-stroke pneumonia in 
controls but in only 81% of patients on prophylactic 
antibiotics (table 1); or breakthrough infections in the 
intervention group, which were more virulent or 
resistant to common antibiotics. These explanations 
should be interpreted cautiously because the total doses 
of antibiotics given to each patient, microbiology of post-
stroke pneumonia, and infection with multidrug-
resistant organisms other than MRSA were not recorded 
and are a limitation of the study.

Our study has other limitations. For example, selection 
bias, especially in a cluster-randomised trial, could result 
from patients at increased risk of post-stroke pneumonia 
being recruited preferentially to the antibiotic 
intervention group. However, we noted no diff erences in 
baseline characteristics between groups. Variations in 
the antimicrobial range of antibiotics allowed by the 
hospitals could have compromised the eff ectiveness of 
prophylaxis. The study replicated mainstream practices 
to make the fi ndings generalisable and, despite 
variations, nearly 80% of the stroke units assigned to 
antibiotics used those recommended by the protocol. 
Open-intervention allocation can infl uence physician 
diagnosis of post-stroke pneumonia and other outcomes. 
This detection bias has been minimised by use of masked 
adjudication in previous studies. Although this method 
eliminates false-positive diagnoses of post-stroke 
pneumonia, it cannot include false-negative disease 
missed in reporting. On one hand, the algorithm method 
was applied to the whole masked dataset and did not 
have this limitation. On the other hand, the algorithm 
missed a diagnosis of post-stroke pneumonia in 10% of 
patients. If the frequencies suggested a substantial but 
smaller than expected diff erence in rates of disease 
occurrence between the groups, absence of power (type II 
error) could be an issue. However, the diff erence of 
2·7%, in favour of the control group, suggests that 
10% missing outcomes would not have changed the 
outcome of the study. Post-hoc power analyses show that, 
even after accounting for missingness, the study was 
suffi  ciently powered to detect an absolute diff erence of 
10·5% or higher. Diff erences in mortality might bias any 
length-of-stay comparisons; mortality data were adjusted 
with competing risk analysis. Lower than predicted rates 
of post-stroke pneumonia and unequal cluster sizes 
could reduce power and underestimate the eff ect of the 
antibiotic intervention. The design error for unequal 
clusters is 3·4 compared with 2·15 for equal clusters; 
therefore, a study of 1217 patients would have 86·2% 
power at the 5% level to detect a signifi cant treatment 
eff ect.26

In conclusion, prophylactic antibiotics do not reduce 
incidence of post-stroke pneumonia in patients after 
stroke with dysphagia, managed in stroke units with 
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guidelines for reducing aspiration and early treatment of 
post-stroke pneumonia. The routine use of antibiotics for 
prophylaxis against post-stroke pneumonia cannot be 
recommended and should be used judiciously for 
treatment in patients after stroke who are managed on 
stroke units, even if they are at a high risk of aspiration. 
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Details about the calculation of the PSP algorithm used as primary outcome.  

The algorithm is composed by the following three components: 

C1: Temperature ≥ 37·5°C on two consecutive measurements or a single measurement of ≥ 38·0°C  AND  

C2: Respiratory rate ≥ 20 / min OR cough and breathlessness OR  purulent sputum AND 

C3: White cell count >11·0 x 109/L   OR chest infiltrates on X-ray OR positive sputum culture/microbiology OR positive blood culture.  

Calculation of C1:  

A positive score (1) is achieved if either two consecutive temperature records are  ≥37.5 or one ≥38 across 6 available records on days 0,2,4,7,10 and 14. If 

there is a record of ≥38 then C1=1. Otherwise, we look for 2 consecutive records of ≥37.5. If there are no available 2-consecutive records then C1=missing. 

If any available two consecutive records are ≥37.5 then C1=1. Otherwise C1=0.  

Calculation of C2:  

C2.1) Respiratory Rate (RR): If any record among the 6 available time-points of RR ≥20, C2.1=1. C2.1=missing if all records missing.  

C2.2) Cough or breathlessness: idem as for RR for present vs absent symptom among 6-records.  

C2.3) Purulent secretions: idem as for RR for present vs absent symptom among 6-records. 

Combining C2.1, C2.2, and C2.3: If any = 1, then C2=1, irrespective of whether others are present or missing. If all present and =0 then C2=0. Otherwise C2 is 
not equal to 1, and any of the components missing, then  C2=missing.  

Calculation of C3:  

C3.1) Cell count: If any record among the 6 available time-points ≥11, C3.1=1. C3.1=missing if all records missing.  



2 
 

C3.2) Chest infiltrates : idem as 3.1 for present vs absent symptom among 6-records. 

C3.3) Sputum culture: idem as 3.1 for present vs absent symptom among 6-records. 

C3.4) Blood culture: idem as 3.1 for present vs absent symptom among 6-records. 

Combining C3 components: If any C3.1 or C3.2 or C3.3 or C3.4 = 1 then C3=1. If all  C3.1 or C3.2 or C3.3 or C3.4 = 0 then C3=0. If C3 is not = 1, and any 
missing, then C3=missing.  

Combine C1 + C2 +C3: If any of the three components is missing, then missing diagnosis.  
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Supplementary Table S1: Distribution of scores in the algorithm that led to PSP for both treatment arms 

 Intervention (n=615) Control       (n=602) OR (95% CI) p 

Algorithm PSP components     

C1: Temperature (2 consecutive >= 37.5°C) 

or 1 >=38 
79/527 (13·0%) 69/520 (9·9%) 1.09 (0.61 - 1.96) 0.770 

missing 9 (1.5%) 13 (2.2%)   

C2: Chest Symptoms 370/609 (60·8%) 353/582 (60·7%) 1.02 (0.85 - 1.48) 0.901 

Respiratory rate  345/613 (56·3%) 330/582 (55·5%) 1.02 (0.71 - 1.46) 0.914 

missing 2 (0.3%) 7 (1.2%)   

Cough symptoms  125/611 (20·4%) 95/582 (16·3%) 1.39 (0.86 - 2.27) 0.183 

missing 4 (0.7%) 20 (3.3%)   

Purulent Secretions  49/610 (8·0%) 37/583 (6·4%) 1.23 (0.65 - 2.33) 0.520 

missing 5 (0.8%) 19 (3.2%)   
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C3: Positive Culture 284/569 (49·9%) 238/526 (45·2%) 1.19 (0.90 - 1.59) 0.229 

White cell count 289/594 (48·7%) 251/572 (43.9%) 1.21 (0.91 - 1.60) 0.193 

Missing 21 (3.4%) 30 (5.0%)   

Chest infiltration 39/591 (6.6%) 29/543 (5.3%) 1.15 (0.52 - 2.52) 0.730 

Missing 24 (3.9%) 59 (9.8%)   

Sputum culture 6/589 (1.0%) 4/544 (0.7%) 1.46 (0.39 - 4.95) 0.612 

Missing 26 (4.2%) 58 (9.6%)   

Blood culture 5/591 (6.6%) 4/543 (5.3%) 1.15 (0.31 - 4.30) 0.730 

missing 24 (3.9%) 59 (9.8%)   
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Supplementary Table S2. Missing data at individual time-points for each component of the algorithm. 

    Day 0 Day 2 Day 4 Day 7 Day 10 Day 14 

Temperature N Missing 8 18 30 37 44 50 

 
%of total N 0.7 1.5 2.5 3 3.6 4.1 

Respiratory rate N Missing 25 26 48 63 72 74 

 
%of total N 2 2.1 3.9 5.1 5.9 6 

Cough N Missing 41 42 51 61 69 73 

 
%of total N 3.3 3.4 4.2 5 5.6 6 

Purulent secretions N Missing 42 42 51 63 72 76 

 
%of total N 3.4 3.4 4.2 5.1 5.9 6.2 

WBC N Missing 38 197 195 266 144 38 

 
%of total N 3.1 16.1 15.9 21.7 11.8 3.1 

Chest Infiltrate N Missing 107 130 131 133 138 134 

 
%of total N 8.7 10.6 10.7 10.9 11.3 10.9 

Sputum microbiology N Missing 112 130 133 133 136 132 

 
%of total N 9.2 10.6 10.9 10.9 11.1 10.8 

Blood culture N Missing 108 128 130 130 136 132 

 
%of total N 8.8 10.5 10.6 10.6 11.1 10.8 

Total N Missing 1224 1224 1224 1224 1224 1224 
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Supplementary Table S3: Sensitivity analysis by handling of missing data 

Sensitivity analyses perform after: a) Complete case analysis, removing the 10% with missing outcome; b) all missing as no PSP; c) all missing as PSP 
 

 Intervention 

(n=615) 

Control       

(n=602) 

OR (95% CI) p Adj OR (95% CI)* p 

Algorithm PSP components       

Complete Case Analysis 71/564 (12·6%) 52/524 (9·9%) 1.31 (0.79 – 1.91) 0.166 1.28 (0.89 - 1.91) 0.220 

Assuming all missing = non-PSP 71/615 (11·5%) 52/602 (8.6%) 1.38 (0.95 - 2.01) 0.094 1.36 (0.92 - 2.01) 0.128 

Assuming all missing = PSP 122/615 (19·8%) 130/602 (21.6%) 0.90 (0.68 - 1.19) 0.450 0.88 (0.65 - 1.18) 0.38 
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Supplementary Table S4: Association between PSP and functional outcome 

 PSP diagnosis No PSP diagnosis OR (95% CI) p Adj OR (95% CI)* p 

Binary mRS (good outcome)       

Algorithm PSP diagnosis - Yes 11/122 (9·0%) 203/937 (22·7%) 0.36 (0.19 - 0.68) 0.002 0.65 (0.32 - 1.31) 0.220 

                                               missing  1 (0.8%) 28 (3.0%)     

SAE PSP diagnosis 9/188 (4·8%) 221/993 (22·3%) 0.17 (0.08 - 0.37) 0.001 0.27 (0.13 - 0.57) 0.001 

                                               missing  0 (0.0%) 0 (0.0%)     

*Adjusted for treatment group age, sex, pre-morbid mRS score, stroke severity, stroke type, thrombolysis, chronic lung disease, smoking and centre 

characteristics.  
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Supplementary Table S5:  Subgroup analysis for mRS and Thrombolysis 

 Adj OR (95% CI)* p 

Binary mRS (good outcome)   

Treatment group by Thrombolysis  0.65 (0.32 - 1.31) 0.220 

Thrombolysis: Yes (effect of Treatment group) 0.60 (0.33 – 1.09) 0.097 

Thrombolysis: No (effect of Treatment group) 0.95 (0.63 - 1.43) 0.794 
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Figure S1. Kaplan Meier Curve for timing of physician diagnosed PSP by treatment group. The p value represents a test of group differences from the log 

rank test. 
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Figure S2. Cumulative Incidence plot for 0 – 15 days by treatment group and type of event. To do this all max duration was set to 15 days and all events 
not happening within that time were set to censored.  
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Figure S3.1 Kaplan Meier plot for time to discharge by treatment group. The p value represents a test of group differences from the log rank test 
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Figure S3.2 Kaplan Meier plot for time to death by treatment group. The p value represents a test of group differences from the log rank test.  
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Supplementary Table S6. Frequencies table for number of patients at each participating centre 

 

Centre 
Code 

Centre 
Frequency 

Centre 
Code 

Centre 
Frequency 

1 Newham University Hospital 3 40 Colchester University Hospital 14 

2 Eastbourne District General Hospital 40 43 Calderdale Royal Hospital 11 

5 Guy’s and St Thomas’ Hospital 53 47 University College London Hospital 32 

6 Morriston Hospital 51 48 Lewisham Hospital, 17 

10 Doncaster Royal Infirmary 18 49 William Harvey Hospital 53 

11 Bishop Auckland Hospital 53 52 University Hospital of North Staffordshire 69 

12 St George’s Hospital 59 53 Barnsley Hospital 20 

14 Princes Royal University Hospital 65 56 North Tyneside General Hospital 42 

15 Brighton & Sussex University Hospital 76 58 University Hospital of North Durham 24 

17 Princess of Wales Hospital 3 60 Pinderfields Hospital 50 

18 King’s College Hospital 70 63 Southend University Hospital 10 

22 Luton and Dunstable Hospital 4 69 Ipswich Hospital 17 

24 Lister Hospital 18 71 John Radcliffe Hospital 68 

26 Wansbeck General Hospital 60 80 Royal Derby Hospital 14 

30 Kent and Canterbury Hospital 28 81 University Hospital Of Wales 15 

31 Dewsbury and District Hospital 13 82 Royal Surrey County Hospital 19 

33 Queen Elizabeth The Queen Mother Hospital 66 91 Royal Gwent Hospital 1 

36 Yeovil District Hospital 8 92 Royal London Hospital 26 

38 Queens Hospital 10 96 Charing Cross Hospital 17 
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Summary 

 

Nearly 40% of acute stroke patients have dysphagia, of whom up to 20% will develop 

Post Stroke Pneumonia (PSP). PSP is associated with increased probablity of death, 

institutionalisation, poor participation in rehabilitation, increased duration of 

hospitalisation and increased costs of care. Although current guidelines have 

recommendations on the assessment, positioning and feeding of stroke patients to 

prevent PSP, there are no guidelines for antibiotic use in these patients. Only 5 trials on 

antibiotic prophylaxis are available and show safety but not effectiveness, possibly 

because they include non-dysphagic patients, use mortality rather than infections as the 

end point and ignore duration of hospitalisation, participation in rehabilitation and costs 

as important outcomes. 

 

The aim of this cluster randomised trial is to evaluate the effectiveness and safety of 

prophylactic use of antibiotics (an "act first" approach) compared with monitoring for 

signs of infection and treatment if necessary (a "wait and watch" approach) in reducing 

PSP and mortality whilst improving functional outcomes in acute stroke patients with 

dysphagia on clinical bedside swallowing assessment. Whether this approach results in 

reduced duration of hospitalisation and costs will also be assessed. A novel approach of 

using clinical and costs indicators as co-primary outcome measures will be adopted, to 

reflect the equal importance of clinical and economic endpoints in assessing the 

effectiveness of health interventions. 

 

We will study 1200 stroke patients with dysphagia admitted to 50 acute stroke units. We 

will use cluster randomization techniques to allocate units to either giving the hospitals’ 

recommended antibiotic treatment for PSP as prophylaxis or to give antibiotic treatment 

only if signs of PSP develop. The clinical primary outcome measure will be the incidence 

of PSP in the first 14 days after stroke onset or prior to discharge home if earlier than 14 

days. The primary cost outcome measure will be the hospital cost for the presenting 

stroke. We will also monitor mortality, antibiotic related side effects, participation in 

rehabilitation, days spent in hospital, level of function and costs associated with care up 

to 3 months. An intention to treat analysis will be undertaken masked to allocation. 
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FLOW DIAGRAM 

 

 

 

 

 

Register Stroke Units  

National Sentinel Audit data, Acute Care Processes Questionnaire, Infection Control Policy Approval  

 
Research Procedures Training and Initiation Visit 

Cluster Randomisation of participating units  

Identify potentially eligible patients, obtain written informed consent from patient/ relative assent for the patient  

Conduct Baseline Assessments in consenting patients 

Follow the National Guidelines  

Antibiotic treatment if signs of infection 

Follow National Guidelines 

Antibiotics given orally or IV for 7 days 

Daily monitoring for infection, c diffcile diahorrea, adverse drug reactions  

Day 14  2 days: Primary/Secondary Outcome Assessment  

Day 90  7 days: Secondary Outcome Assessment  

 

Control Group (“wait and watch approach”) 

Stroke Unit randomised to follow the National 

 

 

Intervention Group (“act first”approach) 

Stroke Unit randomised to prophylactic antibiotic use 

 

Day 14-90: Independent blinded adjudication of outcome events, data queries  

Outcome data analysis blinded to allocation  
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Aims 

 

The main hypothesis for the study is that prophylactic use of antibiotics (an "act first" 

approach) in acute stroke patients with swallowing problems on a bedside clinical 

assessment will be better than the current practice of monitoring for infection and 

treatment if necessary (a "wait and watch" approach) in reducing Post Stroke Pneumonia 

(PSP) and its  consequences in stroke patients. 

 

The objectives are to: 

 

1. Evaluate the effectiveness of prophylactic antibiotics given for 7 days to acute (<48 

hours from onset) stroke patients with clinical dysphagia in reducing the frequency of 

PSP, duration of hospital stay, mortality and hospital costs up to 3 months after stroke 

onset. 

 

2. Monitor the frequency of the occurrence of antibiotic related adverse events, including 

development of C difficile diarrhoea and antibiotic resistant infections associated with 

prophylactic use of antibiotics.  

 

3. Assess the impact of this approach on psychosocial outcomes such as mood measured 

by the Hospital Anxiety and Depression Scale and quality of life measured by using 

Euroqol (EQ-5D and EQ-VAS) at 3 months.   

 

 

 

Background 

 

Approximately 110,000 strokes occur in England every year and are an important cause 

of mortality, disability and NHS resource use. Stroke accounts for 11 per cent of all 

deaths in England and Wales, with 20-30% stroke patients dying within one month of 

stroke onset. [1] Only 10% of stroke patients die acutely because of cerebral injury, 

most deaths are caused by stroke related complications, of which infections, especially 

those related to aspiration. [2,3]. Dysphagia is common after stroke; a recent meta-

analysis has shown that its incidence ranges from 51-55% on clinical tests and  64-78% 

on videofluoroscopy or other instrumental tests.[4] Pneumonia is a frequent complication 

in dysphagic stroke patients, a recent meta-analysis has shown PSP rates of 16-19% in 

dysphagic and 2-8% in non-dysphagic stroke patients. PSP in dysphagic patients have 

been shown to be related to increased mortality (37% v 6%), institutionalisation (45% v 

21%) and hospitalisation (45 v 25 days) in a study of consecutive acute stroke patients. 

[5]  

 

Despite several studies showing strong associations between dysphagia and PSP,[4] a 

search of the literature and the metaregister of controlled trials has shown only 1 

observational study [9], 5 randomised controlled trials [10-14] and 1 ongoing (the 

Preventive Antibiotics in Stroke Study) trial [15] of intervention with antibiotics in acute 

stroke patients. The observational study in 229 consecutive stroke patients showed that 

although 60 (26%) developed PSP within 3 days of stroke onset, early use of antibiotics 

prevented PSP from becoming a significant contributor to poor outcome in these 

patients.[9] A total of 506 patients were included in the 5 RCTs, 248 of whom were 

randomised to preventive antibiotic therapy and  258 to control groups. Pooled analysis 

showed a non-significant reduction in mortality (13% versus 15%, RR 0.85, 95% C.I. 

0.47 to 1.51) and dependence (47% versus 61%, RR 0.67, 95% C.I. 0.32 to 1.43) with 

preventive antibiotics.[16] The incidence of infections was reduced significantly (22% 

versus 36%, RR 0.58, 95% C.I. 0.43 to 0.79). There were no major side-effects 

attributed to preventive antibiotic therapy. The review concluded that large randomised 

trials were urgently needed.  
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The equivocal nature of these findings can be attributed to design limitations of existing 

studies. These studies were small with heterogeneity in study population, design, type of 

antibiotics and definitions of infection. Only 29-41% of included patients in these studies 

were dysphagic, [9-14] which may have diluted treatment effects. Prophylactic 

treatment was given for 3 days only in one study  despite previous evidence that more 

than half of patients with dysphagia on initial assessment, are still dysphagic and 

aspirating 1 week after stroke onset.[17] It is not clear whether positioning and feeding 

strategies to prevent aspiration were being implemented in addition to antibiotic 

interventions in these studies.  Intercurrent infections are likely to prolong rehabilitation 

and measures such as days lost to rehabilitation, duration of hospital stay or resource 

use may be more sensitive to the effects of antibiotic prophylaxis but were not measured 

in these studies.  Finally, infections such Clostridim difficile or MRSA incidence related to 

the use of antibiotics have become increasing important health issues globally but were 

not evaluated in these studies.    

 

In contrast to previous studies, this trial will include only patients with clinical evidence 

of dysphagia, which may increase effectiveness and reduce side effects of antibiotic use. 

Prophylaxis will be given for 1 week after stroke, when the risk of aspiration is the 

greatest. Clinical and resource use outcomes will be considered in parallel. Hence, 

outcome measurement will include not only mortality, incidence of PSP and adverse 

events related to antibiotic use in the acute phase, but also measures of inpatient stay, 

destination of discharge, resource use and costs. 

 

 

 

Research Plan and Methodology 

 

Study Design:  

 

The study is designed as a pragmatic cluster randomised controlled trial with blinded 

follow-up. The trial aims to recruit 1200 patients in 50 participating stroke units. Cluster 

randomisation techniques at the stroke unit level have been chosen to reduce the 

possibility of between-group treatment contamination, inherent in randomisation of 

individual patients being treated on the same unit. This approach will also prevent 

perceptions of inequity in care amongst patients and carers randomised to the control 

arm of the trial within a single unit. The allocated strategy of antibiotic use and 

standardised monitoring for PSP and other outcomes measures will be incorporated into 

usual practice of participating units. Outcome assessment will be undertaken using 

standardised data collection procedures. All analyses will be undertaken blinded to 

allocation.    

 

Justification for sample size:  

 

The primary clinical outcome measure for this study is the frequency of post stroke 

pneumonia (PSP) in the first two weeks after stroke onset. This is because although 40-

50% of stroke patients present with dysphagia and have increased risk of PSP, nearly 

80% will regain swallowing with reduction in the risk of PSP by 2 weeks.[17] A meta-

analysis of 24 studies has shown early pneumonia  rates of 16-19% in dysphagic and 2-

8% in non-dysphagic stroke patients.[4]  Prophylactic antibiotics given to dysphagic 

stroke patients may result in rates similar to those seen in non-dysphagic patients, an 

absolute reduction of 8-16%. The sample size has been calculated to detect a reduction 

of 12% with intervention.  
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Power Calculations:   

 

In a pooled analysis of 891 patients from 7 randomised trials, the frequency of PSP was 

22.3% (SD 7.9%) in dysphagic patients and 6.0% (SD 4.9%) in non-dysphagic 

patients[4] We have assumed an ICC of 0.05 for 25 clusters in each trial arm based on 

methodological research on clinical and patient outcomes in health services 

research.[18,19]   In order to obtain 80% power to detect a difference between 

proportions of 22% and 10%, with an ICC of 0.05, 580 subjects need to be recruited to 

each trial arm. To allow an attrition rate of 25% in the earlier versions of the protocol, 

725 subjects needed to be recruited to each arm of the trial. The actual attrition rate 

was 3% when 1000 patients had been recruited. Based on this attrition rate, a total of 

597 subjects needed to be recruited in each in trial arm. This sample size will also be 

adequate to detect an 8% difference in costs of hospital care (equivalent to 2 days on a 

stroke unit and the co-primary outcome measure) based on existing data from 

randomised trials.[20] 

 

 

Setting of the Study: 

 

The study will be undertaken in hospital based stroke units that have a defined policy for 

acute stroke care and participate in the National Stroke Audit (NSA). 

 

 

Method of Centre Allocation: 

 

Eligible centres that agree to participate will be registered and randomised to the trial. 

The Principal Investigator for each centre will provide the following information prior to 

randomisation: 

 

 Name of Stroke Unit, address and telephone number 

 Name of Consultant physician with responsibility for stroke 

 Antibiotic Policy within the hospital and authorisation to participate from Infection 

Control.  

 Average monthly admission figures for past 6 months 

 A process questionnaire completed by the Principal Investigator  

 

Cluster randomisation will be performed centrally at Clinical Trials Research Unit. The 

eligible stroke units will be randomised on a 1:1 basis to either the intervention group or 

the control group. Centres will be allocated by minimisation using the Minim program. 

We will stratify for the number of stroke patients admitted per year (whether >350 or 

not) at the centre and the proportion of patients admitted to a stroke unit (whether 

≥90% or not) as an indicator of quality of care in order to prevent inadvertent bias 

because of possible clustering of “high performance” units in the intervention group. 

Allocations will be determined independently by the trial statistician after all necessary 

consents for particiaption have been returned from study centres. (Evans S, Royston P, 

Day S. Minim: allocation by minimisation in clinical trials. Source: http://www-

users.york.ac.uk/~mb55/guide/minim.htm) 

 
 
Selection and exclusion criteria for subjects:  

 

The inclusion criteria for the study are: 

1. Age  18 years 

2. Ischaemic or hemorrhagic stroke confirmed on CT imaging  

3. Recruited within 48 hours of symptom onset 

4. Unable to tolerate normal diet or fluids because of  

a. impaired consciousness levels. 

http://www-users.york.ac.uk/~mb55/guide/minim.htm
http://www-users.york.ac.uk/~mb55/guide/minim.htm
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b. failed clinical bedside swallowing assessment performed by a trained 

assessor  

c. “nil orally” orders, nasogastric tubes, modified diet or requiring 

compensatory feeding techniques  

 

The exclusion criteria will be: 

 

1) age <18 years 

2) pre-existing swallowing problems 

3) evidence of infection or pyrexia at the time of admission 

4) allergy to penicillin’s, macrolides, or other antibiotics. 

5) pregnant and lactating women 

6) antibiotic treatment within the week prior to inclusion 

7) lack of consent from the patient or next of kin   

8) expected survival <2 weeks 

 

 

Recruitment and Consent Procedures: 

 
Recruitment to the trial and baseline assessment will be undertaken by a member of the 

local research team. Rates of identification, recruitment and refusals will be monitored.  

 

Consent will be sought from patients after discussing the study with them including 

potential benefits and risks. In cases where it appears that the stroke patient may not 

have fully understood the study because of their impairments, additional assent will be 

sought from the next of kin confirming their participation. Patients in whom such consent 

or assent is not available will not be included. 

 

Consent will be taken by a competent medical or nursing professional who is trained in 

stroke care. A written information sheet will be provided for the patient to keep. In 

circumstances where the patient can read and understand the information on the patient 

information sheet but is  unable to sign due to stroke related deficits such as arm 

weakness, a researcher or a witness can attest that any mark they make is their 

signature to consent.  Additionally if the patient is able to understand but is unable make 

a mark due to stroke deficits, an independent witness can countersign the consent form 

for patient.  This witness can be the researcher. 

  

If a patient is unable to give written consent because of stroke related deficits such as 

dysphasia, assent for inclusion will be obtained from the next of kin or relatives. Written 

consent to support the assent will be sought as soon as the patient is able to provide this 

consent. 

 

Due to the nature of the study, participants will have to decide within a few hours of 

admission to hospital but it will be ensured that they have sufficient time to decide and 

the opportunity to discuss participation with relatives or an advocate. The patient will 

remain free to withdraw from the study at any time without giving reasons and without 

prejudicing any further treatment. The original consent forms will be retained in the 

investigator site file. A copy will be given to the patient and a copy will be filed in the 

patient hospital notes. A fourth copy will be returned to the co-ordinating centre for 

archiving.  

 

Patient will be registered with the Trial Office following informed consent and 

confirmation of eligibility. When eligibility has been confirmed and the necessary details 

obtained patients will be allocated trial numbers.  

 

The local research team will complete a log of all patients screened for eligibility but not 

participating in the study either because they are ineligible or because they decline 
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participation. Anonymised information will be collected including age, gender, the reason 

not eligible for trial participation or eligible but declined.  

 
 

 

Health intervention  

 

All patients will be managed in stroke unit settings and receive supportive care for 

dysphagia patients as recommended by the Royal College of Physicians Stroke 

Guidelines.[7]   

 

The intervention being investigated is an "act first" strategy of prophylactic antibiotic use 

versus a "wait and watch" strategy of monitoring and treating only if signs of infection 

develop. Pathogens involved in aspiration pneumonia include gram negative bacilli (40-

60%) and gram positive cocci (20%-40%), with anaerobes being rare.[21,22] Many 

hospital guidelines prefer the use of amoxicillin as the first line antibiotic. Hence we will 

use amoxicillin or co-amoxiclav (with or without the combination of Clarithromycin as 

indicated by local hospital policy) as the antibiotic of preference. However, depending 

upon hospital infection control policies metronidazole and co-trimoxazole which is the 

preferred regime for other hospitals can also be used. 

 

In the "act first" group, prophylactic treatment will be initiated in dose, form and route in 

accordance with local hospital antibiotics and infection control policies. Patients in the 

"wait and watch" group will be monitored for PSP and empirical treatment will be 

commenced with existing local hospital guidelines, unless other antibiotics are indicated 

by microbiology.  

 

 

Investigational Medicinal Product (IMP) 

 

The prophylactic treatment will be given for 7 days to acute stroke patients (<48 hours 

from onset) with clinical evidence of swallowing problems. Again, the antibiotic regime 

can be changed to coincide with local hospital policies and centres may choose to use 

single antibiotic therapy if they wish to do so. Use will be open lable and as all IMPs are 

licensed medicines, Summary of Product Charecteristics (SmPC) for these products shall 

apply. The products will be given orally to patients who can manage modified diet or 

liquids or via a nasogastric tube placed for feeding purposes. The IMPs will be given 

intravenously if the patient has no oral or nasogastric access.  

 

Supplies of antibiotics will be dispensed by the Pharmacy Department of participating 

centres against a Trial Prescription Form. Once dispensed these may be stored in 

Patient’s own Drug (POD) lockers or on ward trolleys/cupboard as per local procedure. 

IMPs must be stored in a temperature controlled environment (stored according to 

manufactures instructions) with restricted access to unauthorized personnel. The brand 

of all IMPs may be chosen by each local site according to local contracts.  The chosen 

brand must be recorded with each dispensing.  If local contracts change, or supply 

issues arise during the study then the brands may be changed as long as this is 

recorded.  

 
 
Safety aspects 

 

The team is fully aware of the importance of preventing antibiotic resistance and C 

difficile toxin (CDT) production due to prophylactic antibiotic use. We have undertaken 

further literature searches for an estimate of the expected increase in the frequency of 

CDT associated with prophylactic antibiotic use in stroke patients (2 RCTs in literature, 2 

in the controlled trials register) and in critically ill patients (1 SR in literature). None of 
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these publications provide any data on CDT. The occurrence of CDT will be regarded as a 

serious adverse event to be notified immediately to the Trial Office, with arrangements 

for regular review by the independent Data Monitoring, Ethics and Safety Committee 

(DMSEC) which has safety monitoring within its remit and clear stoppage rules, if this 

course is advised by the Committee. All participating units have independent CDT 

monitoring systems and any concerns identified by the Hospital Infection Surveillance 

Teams of participating hospitals will be reviewed by the DMSEC for comment and 

necessary action, including stopping the study on individual units or as a whole if so 

indicated. In addition, cessation or alteration of regimes at any time will be at the 

discretion of attending clinical teams or the patients.  

 

 

Outcome measures: 

 

Clinical and costs indicators will be used as co-primary outcome measures because of 

their equal importance in assessing the effectiveness of health interventions.[23]  

 

Primary Endpoints: 

 

The clinical primary outcome measure is the incidence of PSP in the first 14 days after 

stroke onset or prior to discharge home if sooner. This will be defined as temperature 

>37.5°C on two consecutive measurements or a single measurement of >38.0°C with 

chest symptoms and one or more of the following: white cell count >11 000/mL, 

pulmonary infiltrate on chest x-rays,  positive microbiology  cultures.[2,8-10] The 

diagnosis of PSP will be adjudicated independently by non-participating clinicians masked 

to treatment allocation based on anonymised clinical information submitted by centres.  

 

The primary cost outcome measure will be the total hospital costs (acute and 

rehabilitation) for the initial episode of care, calculated as a product of costs per unit of 

each type of care (standardised NHS tariff) and amount used, using methodology 

validated previously.[20] 

 

Secondary Endpoints: 

 

At 14 days: 

 

1. Death, death or PSP at 14 days of stroke onset 

2. National Institute of Health Stroke Scale (NIHSS) at 14 days of  stroke onset or at 

discharge if sooner 

3. Change in NIHSS from baseline at 14 days of  stroke onset or at discharge if sooner 

4. Discontinuation of antibiotic prophylaxis in the intervention group (< 4 days of 

treatment) 

5. Antibiotic use in the control group within 7 days of stroke onset 

6. Duration of hospital stay if ≤14 days 

7. Participation in programmed assessment or therapy activities, measured as the 

number and duration of supervised rehabilitation during hospital stay. 

8. C. difficile diarrhoea   

9. New onset of MRSA infection 

10. Per protocol Adverse Event (AE), Adverse Reaction (AR), Serious Adverse Event / 

Reaction (SAE / SAR), and Suspected Unexpected Serious Adverse Reactions 

(SUSAR). 

 

At 90 days: 

 

11. Modified Rankin Scale at  90 (± 14) days post-stroke 

12. Patients achieving dichotomised modified Rankin Scale score (mRS 0-2) at  90 (± 

14) days post-stroke 
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13. Ordinal regression analysis of mRS at 90 (± 14) days post stroke 

14. Mortality, institutionalisation and mortality or institutionalisation at 90 (± 14) days 

post stroke 

15. Duration of hospital stay if >14 days 

16. Incident chest infections between 15-90 days 

17. Barthel Index at 90 (± 14) days 

18. EUROQOL scores at 90 (± 14) days post stroke. 

19. Incremental cost-effectiveness ratios (ICERs) if either the intervention or control 

approach involves an additional cost alongside an improvement in outcome (ICERs 

will then represent the cost per 1% reduction in incidence of PSP and/or cost per 

quality-adjusted life-year (QALY) gained).  

 
 

Data-collection:  

 

Participating units will be expected to maintain a file of essential trial documentation 

(Investigator Site File), which will be provided by the Joint Clinical Trials Office (JCTO) of 

KCL/KCH and keep copies of all completed case report forms (CRFs) for the trial.  

 

Baseline assessment on patient demography, stroke characteristics and level of 

functional disability will be undertaken in all patients prior to registration, and the details 

recorded on a structured CRF. The CRF will also be used by the staff on each 

participating unit to record temperature and chest symptoms daily. White cell counts and 

CRP will be measured at baseline and then at 1, 4, 7, 10 and 14 days after 

randomisation and entered in the CRF. If the temperature of the patient rises >37.5°C, 

then normal clinical management will be followed, the results of which will also be record 

in the CRF. The occurrence of any antibiotic related adverse events, discontinuation or 

change in antibiotics will also be recorded. Stools will be sent for C difficile cultures in 

patients with diarrhoea and an MRSA screen undertaken at baseline and at the time of 

discharge from hospital. The Trial coordinator supported by research staff will be 

responsible for overseeing the completion of the CRF at individual centres.  

 

Assessments at 3 months will include mortality, institutionalisation, and duration and 

number of readmissions. Surviving patients will be contacted by phone in the first 

instance after finding out the current status of the patient from the general practitioner.  

Patients unreachable by phone will be sent questionnaires for completion of the Barthel, 

Rankin and Euroqol assessments and questions concerning their use of institutional and 

hospital inpatient services since the time of discharge from hospital. This will be followed 

by a telephone call 1 week of the due date, if the questionnaire is not received by the 

trials office. The robustness of this approach has been validated in previous studies.  

 

Data on the time each patient spends in therapy activities during the first 14 days after 

stroke will be transcribed from individual therapy records. Data on length of initial 

hospital stay and time spent in different intensity settings (stroke unit, general medical 

ward, rehabilitation unit, high dependence or isolation units) will be collected from 

hospital records.   

 

 

Statistical analysis: 

 

Statistical analysis is the responsibility of the Chief Investigator and the trial statistician.  

A final statistical analysis plan will be written and reviewed before any final analysis is 

undertaken. Outcomes will be analysed at the end of the trial and no interim analyses 

are planned. To maintain the scientific integrity of the trial, data will not be released 

prior to the end of the trial, either for trial publication or oral presentation purposes. In 

addition, individual collaborators will not present data concerning their patients which is 
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relevant to the questions posed in the trial until the main results of the trial have been 

published. 

 

Statistical testing will be performed at a 2-sided 5% significance level. The cluster design 

will be accounted for in the calculation of means, proportions, and standard errors using 

suitable procedures that are available in STATA.  

  

Baseline data 

 

Variables collected at baseline will be summarised by treatment group. For continuous 

variables; means and standard deviations will be calculated. For categorical variables 

actual numbers and proportions will be calculated. As this is a randomised controlled 

study descriptive data on baseline characteristics will be presented but formal testing of 

baseline characteristics between groups will only be performed if there are significant 

variations between groups.  

 

Analysis of endpoints and ITT  

 

Main analyses and data summaries will be carried out using the ITT population by a 

statistician masked to treatment allocation. A per-protocol analysis will be considered if 

there are a considerable number of protocol violators. This decision will be made jointly 

by the trial statistician and the Chief Investigator on examination of the population. The 

decision will be made without reference to the endpoint data.  

 

As the trial is cluster randomised, outcome measures will be compared using a two-level 

hierarchical model, with patients nested within stroke units. Patient-level covariates, 

such as age, gender, baseline deficit scores and stroke unit-level covariates, such as 

median length of stay, number of beds will be included in the analysis and the mixed 

effect logistic models using maximum likelihood methods  will be used. In addition 

estimation based on generalised estimating equations (GEEs) approach will be used as 

sensitivity analysis. Kaplan Meier survival curves will be plotted for time to PSP, time to 

death, and time to institutionalisation or death, by treatment group. The curves will be 

compared using a log rank test and the clustered data structure will be taken into 

account in a sensitivity analysis. Competing risk analysis will be conducted using PSP and 

death as two mutually exclusive competing risks and, adjusting for potential 

confounders. The number of patients reporting a SAE and details of all SAEs will be 

reported for each treatment group. 

 

The proportion of non-responders to the postal questionnaires at 3 months will be 

compared between randomised groups. Missing items within individual outcome 

measures will be treated according to instructions for that particular measure. Simple 

imputation will be used if there are no instructions. Sub groups analysis will be used to 

investigate sub groups of interest including severity, stroke subtypes and age older than 

75 at baseline. 

 

Sensitivity analysis 

 

Sensitivity analysis will be undertaken with units stratified as high and low performing 

based on being above or below national median scores of the National Stroke Audit at 

the time of randomisation of units (2010) and with patients stratified according to age, 

stroke severity and stroke subtype. Additional sensitivity analyses will be undertaken by 

excluding clusters that may show clear differences in size or patients’ characteristics, for 

example age being older than average, strokes being more severe than average or very 

large size clusters.  
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Missing data 

 

Patterns of missing data will be investigated, in particular looking at whether 

missingness can be considered to be missing completely at random (MCAR), missing at 

random (MAR), or missing not at random (MNAR).  Sensitivity analyses assuming 

different patterns of missingness may be undertaken-following the general approach of 

White, 2011.[24] 

 

Economic Analysis  

 

The economic evaluation will be fully integrated with the clinical evaluation. The total 

cost of hospital care will be calculated by applying unit costs to individual-level volumes 

of resource use as measured within the trial. Estimated hospital costs will account for 

any impact of the prophylactic use of antibiotics on length of hospital stay and the cost 

of care whilst in hospital. National unit costs will be used to facilitate generalisability of 

results. Differences in costs, utility scores and QALYs between groups will be tested by 

multi-level modelling, with relevant covariates, to accommodate a cluster randomisation 

design. QALYs will be calculated by applying UK general population utility weights [25] to 

EQ5D health state descriptions at baseline and 3 month follow-up, with appropriate 

adjustment for assessment period and linear interpolation to estimate the area under the 

curve. Incremental cost-effectiveness ratios will be computed where appropriate. 

Uncertainty around  cost-effectiveness/cost-utility will be explored using incremental 

planes and cost-effectiveness acceptability curves based on the net benefit approach; 

required co-efficients of between-group differences in costs and outcomes will be 

obtained by bootstrap regressions (2000 replications), with cluster adjustment and 

inclusion of relevant covariates.  

 

 

Adverse Event Reporting 

 

Definitions: 

Adverse Event (AE): Any untoward medical occurrence in a subject to whom the IMP 

has been administered, including occurrences which are not necessarily caused by or 

related to that product (IMP). 

Adverse Reaction (AR): Any untoward or unintended response in a subject to an IMP 

which is related to any dose of IMP administered. 

Serious Adverse Event/Reaction (SAE/SAR): Any adverse medical occurrence that 

at any dose results in death, is immediately life threatening, results in persistent or 

significant disability, requires hospitalisation or prolongation of an existing hospitalisation 

or is a congenital anomaly/birth defect. 

Unexpected Adverse Reaction (UAR): An adverse reaction, the nature or severity of 

which is not consistent with applicable production information. For this trial the summary 

of product characteristics (SmPC) of the antibiotics used (amoxicillin and clarithromycin) 

provide the relevant product information. 

Suspected Unexpected Serious Adverse Reactions (SUSAR): All suspected adverse 

reactions related to the IMPs that are both unexpected and serious. 

 

Responsibilities of the Local Investigators: 

1) Monitor for the occurrence of AE/AR/SAE/SAR/SUSAR during the trial 

2) Assess the relationship of the IMP to the adverse event and indicate clearly to 

which IMP(s) the adverse events are judged to be related. 

3) Take direct and appropriate action to provide care and to decide whether or not 

the study IMP should be discontinued. 

4) Record all related non-serious AE/AR in the clinical research forms  

5) Report all SAE/SUSAR immediately (within 24 hours) to the Chief 

Investigator/Sponsor by phone or fax regardless of whether the event is 
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considered to be related or unrelated to the IMP and/or the event is considered to 

be expected or unexpected.  

6) Provide a detailed report of the SAE/SUSAR with addition information when 

requested. 

 

Responsibilities of the Sponsor (as delegated to the JCTO)/Chief Investigator: 

1) Keep a record of all AE/AR/SAE/SAR/SUSAR occurring during the trail for regular 

review by the independent Data Monitoring, Safety and Ethics Committee. 

2) Report all SAE/SUSAR to the MHRA and the main Research Ethics Committee  

a. Fatal or life threatening SAE/SUSAR within 7 days with follow up 

information within an additional 8 days 

b. All other SAE/SUSAR within 15 days 

3) Inform Local Investigators of SAE/SUSAR at the same time as these are reported 

to the MHRA 

4) Submit an annual safety report to MHRA and the main Research Ethics 

Committee including a global line listing all SAE and SUSARs.  

 

Quality assurance and data monitoring 

 

The trial will be conducted in accordance with current Good Clinical Practice (GCP) as 

defined in the SI 2006/1928, NHS Research Governance Framework and through 

adherence to JCTO standard operating procedures (SOPs). 

 

Data will be monitored for quality and completeness by the JCTO using established 

verification, validation and checking processes. Missing data, except individual data 

items collected via the postal questionnaires, will be chased until it is received or 

confirmed as not available. Reminders will be sent to patients if postal questionnaires are 

not returned on time.  

 

Rates of recruitment and refusals will be monitored for all sites. The completed 

Pharmacy Dispensing Packs for all trial participants in the intervention units will be 

returned to the Trials Office and a summary of this will be included in a standard 

monitoring report to the Trial Management Group (TMG), and Data Monitoring Ethics and 

Safety Committees (DMsEC) to enable monitoring of the intervention delivery and 

compliance. 

 

The Joint Clinical Trials Office reserves the right to intermittently conduct source data 

verification at all participating sites on behalf of the Sponsors (King’s College London and 

King’s Collge Hospital NHS Foundation Trust). Source data verification will involve direct 

access to patient notes at the participating stroke units and the collection of copies of 

consent forms and other relevant investigation reports.  

 

 

Ethics 

 

The trial will be performed in accordance with the Declaration of Helsinki (1996) guiding 

physicians in biomedical research involving human subjects. Informed written consent 

will be obtained from the patients prior to registration into the study.  The right of a 

patient to refuse participation without giving reasons must be respected.  The patient 

will remain free to withdraw at any time from the study without giving reasons and 

without prejudicing the patient’s further treatment. The study will be submitted to and 

approved by a main Research Ethics Committee (REC) and the appropriate REC for each 

participating stroke unit prior to entering patients and caregivers into the study. The 

Chief Investigator will provide the main REC with a copy of the final protocol, patient and 

caregiver information sheets, consent forms and all other relevant study documentation. 
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Confidentiality 

 

All information collected during the course of the trial will be kept strictly confidential. 

Information will be held securely on paper and electronically at the Trials Office. The 

Trials Office will comply with all aspects of the 1998 Data Protection Act. and 

operationally this will include: 

1. consent from patients to record personal details including name, date of birth, 

address and telephone number, NHS ID, hospital ID, GP name and address; 

2. appropriate storage, restricted access and disposal arrangements for patient 

personal and clinical details; 

3. consent from patients for access to their medical records by responsible 

individuals from the research team or from regulatory authorities, where it is 

relevant to trial participation; 

4. consent from patients for the data collected for the trial to be used to evaluate 

safety and develop new research; 

5. patient name, address and telephone number will be collected when a patient is 

registered into the trial but all other data collection forms that are transferred to 

or from the Trails Office will be coded with a trial number and will include two 

identifiers, usually their initials and date of birth. 

 

If a patient or caregiver withdraws consent from further trial participation their data will 

remain on file and will be included in the final study analysis.  

 

 

Project Management 

 

Trial supervision will be established in line with GCP guidelines and will include a core 

Project Team, Trial Management Group (TMG), Data Monitoring, Safety and Ethics 

Committee (DMEC) and Trial Steering Committee (TSC)  

 

The Trial Management Group (TMG) will meet at least monthly during set-up and 

recruitment and 3-monthly thereafter. The Trial co-ordinator, in conjunction with the 

core project team, will take overall responsibility for day-to-day management of the trial 

and review progress at different centres with team members on a weekly basis.  

 

The DMEC will include an independent chairperson and at least 3 independent members 

(e.g. experienced trial statistician, expert in the field and a patient representative). The 

DMEC will review masked raw data from the participating centres every 6 months, 

especially from safety aspects and will advise the TMG about further continuation of the 

study at each time point. 

 

Trial Management Group:  

 

Professor Lalit Kalra, Saddif Irshad (Trial Coordinator), Matthew Wilson (Data Manager), 

Professor Martin Gulliford (Trial Methologist); Dr David Smithard (Expert member) ; Mr 

Robin Cant (User Representative).  

 

 

Data Monitoring, Safety and Ethics Committe Members:  

 

Professor Helen Rodgers (Chairperson), Newcastle University; Dr Thomas Chadwick 

(Statistician), Newcastle University ; Mrs Sheila McCulloch  (stroke patient and lay 

member); Dr Jonathan Edgeworth (Microbiologist), Guy’s and St Thomas’ NHS 

Foundation Trust; Dr Paul Holmes (Neurologist), Guy’s and St Thomas’ NHS Foundation 

Trust; Dr Gaye Hadfield (Stroke Clinical Research Network), South London CLRN. 

 



29 
 

Trial Steering Committee Members:  

 

Professor Hugh Markus (Chairperson), University of Cambridge; Ms Vivien Kearney, 

Family and Carer Support Coordinator – Greenwich, The Stroke Association; Dr Patrick 

Pullicino (Expert Member), University of Kent and Canterbury; Dr David Smithard, 

William Harvey Hospital, Ashford); Dr Anita Patel (Health Economist), Institute of 

Psychiatry, King’s College London. 

 

 

 

Project Plan 

 

Total study duration 60 months.  

0-3 months: establishment of a core Project Team, Trial Steering Committee and Data 

Monitoring, Safety and Ethics Committee; recruitment of research staff, applications for 

Ethics and Clinical Governance approvals.  

4-6 months: confirmation of centres, implementation of antibiotic policies and 

monitoring protocols, prepare documentation, research staff training.  

7-48 months: recruitment and data collection. An average unit admitting 250 patients a 

year of whom 30-40% may be dysphagic should be able to recruit 60 patients in 12 

months with a further 6 months required to complete the follow-up on the last recruited 

patients.  

48-60 months: data verification, collation of clinical and economics data from all sources, 

cleaning and preparing data for analysis, statistical analyses of clinical outcomes and 

costs, preparation of final reports, presentations and publication.  

 

 

Publications Policy  

 

STROKE-INF is a large, multi-centre trial of prophylactic antibiotics in acute stroke 

patients with dysphagia.  Over the duration of the trial, many people will contribute to 

the project.  The following criteria will be used for recognising the nature and extent of 

these individual contributions to all publications arising from the trial based on BMJ rules 

on authorship and contributorship (http://bmj.bmjjournals.com/advice). The Chief 

Investigator must agree all proposals for publications using STROKE-INF data.  These 

publications fall into two categories. 

 

Category 1 – Main publications arising from the protocol and attributed to the ‘STROKE-

INF Investigators’. 

 

These publications follow the BMJ rules on contributorship.  The ‘STROKE-INF 

Investigators’ will be the author of all such papers.  Each main publication will list the 

names and roles (and titles, when consistent with journal style) of ‘major and scientific 

contributors’, as defined below.  The first main publication at least will list the names and 

roles of all contributors to the trial.  These fall into three categories: 

 

Major contributors to be named as co-authors on behalf of STROKE-INF Investigators 

 

These are members of the project team who have made a major scientific contribution to 

design, data collection, analysis or reporting, during the main trial.  They should have 

devoted a modicum of their employed time to the study and contributed substantially to 

the conduct of the study, data collection and analysis, interpretation, writing and 

approving the final manuscript.  

 

http://bmj.bmjjournals.com/advice
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Scientific contributors 

 

These should have made a major, but intermittent, scientific contribution to design, data 

collection, analysis or reporting, though not as an essential part of their duties. These 

include Principal Investigators on collaborating sites, statisticians and methodologists 

who have contributed to the study. 

 

Other contributors (organisational, clinical or administrative) 

 

These should have made a major non-scientific contribution to implementing the 

protocol over a period of at least six months during the main trial.  They include 

administrative staff, local clinical coordinators, members of the MDT, and research 

nurses. 

 

Contributors defined above may list such publications in their CVs in the style they use 

for papers to which they have contributed, for example by citing their contribution as 

recorded in the publication. 

 

Acknowledgements 

 

We shall acknowledge all others who have played a part in the study but do not fulfil the 

criteria for contributors – major, scientific or other. 

 

 

Category 2 – Publications arising from STROKE-INF data but not part of the main results 

 

Authorship will take the form ‘A,B,C _ _ _ in collaboration with STROKE-INF 

Investigators’.  The named authors should fulfil the BMJ criteria for authorship.   

 

 

Circulation 

 

To ensure that all major contributors to Category 1 publications have the opportunity to 

comment on successive drafts of the headline publication, the lead writer (Chief 

Investigator) will circulate every distinct draft electronically to all of them.  For other 

Category 1 publications, lead writers will circulate each of the first two complete drafts 

electronically to all major contributors. To ensure that all major contributors have the 

opportunity to become named authors on Category 2 publications, lead writers will 

circulate the first complete draft electronically to all of them. 

 

 

Archiving 

 

At the end of the trial, data will be securely archived by the Trial Office (according to the 

JCTO Archiving SOP) and the participating units for 5 years. If a patient or caregiver 

withdraws consent for their data to be used, it will be confidentially destroyed. 

 

 

 

Statement of Indemnity 

 

This trial is co-sponsored by the King’s College Hospital NHS Foundation Trust and King’s 

College London. The sponsors will at all times maintain adequate insurance in relation  to 

the study independently . The College through it own professional indemnity (Clinical 

Trials) and no fault compensation and the Trust  having a duty of care to patients via 

NHS indemnity cover in respect of any claims arising as a result of clinical negligence by 

its employees , servants brought by or on behalf of a study patient. 
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APPENDIX 1 : Participating Centres (Recruiting and non-recruiting)  

1. Barnsley Hospital, Barnsley Hospital NHS Foundation Trust , PI :Dr Mohammed Al Bazzaz 
2. Barnet Hospital, Barnet and Chase Farm Hospitals NHS Trust , PI : Dr Bal Athwal 
3. Bishop Auckland Hospital, County Durham and Darlington NHS Trust, PI : Dr Ali Mehrzad 
4. Calderdale Royal Hospital, Calderdale and Huddersfield NHS Trust, PI : Dr Anand Nair 
5. Charing Cross Hospital, Imperial College Healthcare NHS Trust, PI : Dr Arindam Kar 
6. Chelsea and Westminster Hospital, Chelsea and Westminister NHS Foundation Trust, PI : Dr 

Michael Pelly 
7. Colchester Hospital University NHS Foundation Trust, PI : Dr Ramachandran Sivakumar 
8. Croydon University Hospital, Croydon Health Services NHS Trust, PI : Dr Enas Lawrence 
9. Dewsbury and District Hospital, The Mid Yorkshire Hospitals NHS Trust, PI : Dr Prabal Datta 
10. Doncaster Royal Infirmary, Doncaster and Bassetlaw Hospitals NHS Trust, PI : Dr Dinesh Chada 
11. Eastbourne District General Hospital, East Sussex Healthcare NHS Trust, PI : Dr Conrad 

Athulathmudali 
12. Guy’s and St Thomas’ NHS Foundation Trust , PI : Dr Anthony Rudd 
13. Ipswich Hospital, Ipswich Hospital NHS Trust, PI : Dr Mohibbur Chowdhury 
14. John Radcliffe Hospital, Oxford University Hospitals NHS Trust, PI : Dr James Kennedy 
15. Kent and Canterbury Hospital, East Kent Hospitals University NHS Trust, PI : Dr Ilse Burger 
16. King’s College Hospital. King’s College Hospital NHS Foundation Trust, PI : Professor Lalit Kalra 
17. Lewisham Hospital, Lewisham and Greenwich NHS Trust, PI : Dr Mahool Patel 
18. Lister Hospital, East and North Hertfordshire NHS Trust, PI : Dr Aparna Pusalkar 
19. Luton and Dunstable Hospital,  Luton and Dunstable NHS Foundation Trust, PI : Dr Lakshmanan 

Sekaran  
20. Morriston Hospital, ABM University Health Board, PI : Dr Mushtaq Wani 
21. Newham University Hospital, Barts Health NHS Trust, PI : Dr Ava Jackson 
22. North Middlesex Hospital, North Middlesex University Hospital NHS Trust, PI : Dr Robert Luder 
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