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Association between nasogastric tubes,
pneumonia, and clinical outcomes in acute
stroke patients

ABSTRACT

Objective: To investigate whether nasogastric tubes (NGTs) increase poststroke pneumonia
(PSP), mortality, or poor outcomes in nil-by-mouth acute stroke patients.

Methods: This study analyzed prespecified outcomes of PSP at 14 days and mortality and function
measured by the modified Rankin Scale at 90 days in 1,217 nil-by-mouth stroke patients at #48
hours of symptom onset in amulticenter randomized controlled trial of preventive antibiotics between
April 21, 2008, and May 17, 2014. Generalized mixed models adjusted for age, comorbidities,
stroke type and severity, and quality of care were used. No patients were lost to follow-up at 14
days, and 36 (3%) were lost at 90 days.

Results: Patients with NGT (298 of 1,217 [24.4%]) had more severe strokes (median NIH Stroke
Scale score 17 vs 14, p 5 0.0001) and impaired consciousness (39% vs 28%, p 5 0.001). NGT
did not increase PSP (43 of 298 [14.4%] vs 80 of 790 [10.1%], adjusted odds ratio [OR] 1.26
[95% confidence interval (CI) 0.78–2.03], p 5 0.35) or 14- and 90-day mortality (33 of 298
[11.1%] vs 78 of 790 [9.9%], adjusted OR 1.10 [95% CI 0.67–1.78], p 5 0.71; and 79 of 298
[26.5%] vs 152 of 790 [19.2%], adjusted OR 0.95 [95% CI 0.67–1.33], p 5 0.75, respectively).
Ninety-day modified Rankin Scale score distribution was comparable between groups (adjusted OR
1.14 [95% CI 0.87–1.56], p 5 0.08). PSP independently increased 90-day mortality (40 of 123
[32.5%] vs 191 of 965 [19.8%], adjusted OR 1.71 [95% CI 1.11–2.65], p 5 0.015) and was not
prevented by antibiotics in patients with NGT (adjusted OR 1.1 [95% CI 0.89–1.54], p 5 0.16).

Conclusions: Early NGT does not increase PSP incidence, mortality, or poor functional outcomes
and can be used safely in acute stroke patients. Neurology® 2016;87:1–8

GLOSSARY
CI 5 confidence interval; mRS 5 modified Rankin Scale; NGT 5 nasogastric tube; NIHSS 5 NIH Stroke Scale; OR 5 odds
ratio; PSP5 poststroke pneumonia; STROKE-INF5 Prophylactic antibiotics for reducing pneumonia in acute stroke patients
with dysphagia study.

Poststroke pneumonia (PSP) is associated with a third of early deaths and a fifth of poor out-
comes in stroke.1,2 Dysphagia is present in 51% to 78% of stroke patients and is often
managed with nasogastric tubes (NGTs) for nutrition and hydration.3 Dysphagia increases
the risk of PSP from 2% to 8% to 16% to 19%,4,5 which may be increased further to 33% to
70% by NGT placement.6–8 Because supportive pharmacological or antimicrobial interven-
tions do not appear to prevent PSP, it remains a major clinical challenge in nil-by-mouth
patients, even on stroke units.9–11

Evidence that NGT placement increases PSP incidence remains equivocal; observational studies
suggesting this association are limited by heterogeneity in patients, settings, and diagnostic criteria
for PSP.6–8 It is possible that PSP and higher mortality are influenced by stroke severity rather than
by NGT placement.12,13 Although preventive antibiotics did not reduce PSP in unselected stroke
patients,10,11 they may be effective in patients with NGT who have greater gastric reflux and
aspiration caused by NGT-induced pharyngeal and lower esophageal sphincter dysfunction.14
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The Prophylactic antibiotics for reducing
pneumonia in acute stroke patients with dyspha-
gia study (STROKE-INF) was a multicenter,
cluster-randomized controlled trial undertaken
in 1,217 stroke patients with dysphagia (nil by
mouth) recruited from 37 UK stroke units.11

Data from the STROKE-INF trial have been
used to test the a priori hypotheses that in nil-
by-mouth stroke patients, NGT placement
within 48 hours of acute stroke increases PSP
incidence and mortality, PSP predicts higher
mortality and poor functional outcome indepen-
dently of stroke severity and treatment, and pre-
ventive antibiotics can reduce PSP and 14-day
mortality in patients with NGT.

METHODS Patients. Patients were recruited from 37 accredited

stroke units in the United Kingdom with the use of methods

described previously.11 Patients were eligible for inclusion if they were

.18 years of age, had a confirmed diagnosis of new stroke (ischemic

or hemorrhagic), had an onset of symptoms of#48 hours at recruit-

ment, and were unsafe to swallow because of impaired consciousness

or failed bedside swallowing assessment. This assessment consisted of

a standardized clinical assessment of level of consciousness, oromotor

function, and a water swallowing test performed by dysphagia-trained

nursing staff.15 Patients with preexisting dysphagia, pyrexia, or known

infection at admission; who had taken antibiotics within the last 7

days; or who had expected survival of ,14 days were excluded.

Procedures. All patients received guideline-recommended care

for nil-by-mouth patients,3 but the placement of an NGT for fluids

or feeding was a local decision. In addition, 615 patients in 18

intervention clusters received preventive amoxicillin or co-amoxiclav

with clarithromycin for 7 days, initiated within 48 hours of symptom

onset. In accordance with the antibiotic stewardship policies of

individual hospitals and UK National Health Service regulations,

physicians followed local guidelines for the investigation and

treatment of suspected PSP based on local experience of pathogens

and antibiotic susceptibility. Patients on preventive antibiotics were

given second-line antibiotics as per local antibiotic protocols if PSP

was diagnosed. Patient characteristics and stroke severity assessed with

the NIH Stroke Scale (NIHSS) with a score ranging from 0 (no

deficit) to 42 (severe deficit) were recorded on enrollment. Patients

were monitored daily, and respiratory rate, temperature, chest

symptoms and signs, white cell counts, and C-reactive protein

were recorded at baseline and at 2, 4, 7, 10, and 14 days by

research staff not involved in patient care.

Outcome measures. The primary outcome was PSP in the first

14 days. The diagnosis of PSP was based on the blinded applica-

tion of predefined criteria derived from the Centers for Disease

Control and Prevention criteria for pneumonia16 that interrogated

8 clinical/laboratory observations at the 6 recorded time points in the

whole patient group for temperature $37.58C on 2 consecutive

measurements or a single measurement of$38.08C; respiratory rate

of$20 breaths per minute, cough and breathlessness, purulent spu-

tum; and white cell count.11.03 109/L, chest infiltrates on X-ray,

positive sputum culture/microbiology, or positive blood culture.

Details on the calculation have been provided previously.11 The

number of cases of physician-diagnosed PSP in the first 14 days was

also recorded. Secondary clinical endpoints includedmortality at 14

and 90 days and functional status at 90 days, assessed by trial office

researchers masked to baseline characteristics, NGT status, and

antibiotic treatment. Functional outcome at 90 days was defined

by the modified Rankin Scale (mRS) score, which ranges from

0 (no symptoms) to 6 (death). The length of hospital stay was also

recorded. No patients were lost to follow-up at 14 days; follow-up

data on mRS score at 90 days were missing in 36 patients (3%).

Analysis. The analysis was done on an intention-to-treat basis with all
1,217 randomized patients included. Analysis was hypothesis driven,

assuming the data structure of a prospective cohort study. Baseline

characteristics and outcomes were summarized by treatment group

and compared by use of simple between-group comparisons of

proportions, means, or medians as appropriate for the data. The

relationships between NGT and algorithm-defined or physician-

diagnosed PSP were assessed with the same analysis strategy used by

Kalra et al.11 A generalized mixed model with PSP as outcome was

used, and a fixed contrast for effect of NGTwas included to determine

the mean difference between the NGT and the non-NGT groups.

Other patient-level covariates included age, sex, baseline NIHSS score,

premorbid mRS score, stroke type, previous strokes, thrombolysis,

chronic lung disease, and smoking. Variations in center performance

were adjusted for by the use of patient throughput and quality ranking

of the center17 as additional covariates. For the other outcomes in the

analysis, i.e., death at 14 days, death at 90 days, binary mRS score, and

time to hospital discharge and death, we adjusted for PSP diagnosis

because this may confound the influence of NGT on outcome.

Separate models were run for algorithm and physician PSP

diagnoses because it is unclear whether it is appropriate to adjust for

both types of diagnoses in the same model. Adjusted predictive

probability of outcomes in patients with and without NGT was

calculated as average marginal effects. The distribution of mRS

scores between patients with and without NGT was compared

using ordinal regression and checked by fitting a marginal model.

To account for missing outcome data, models were fitted with the

use of multiple imputation by chained equations under the

assumption of missingness at random. Twenty-five imputations

were generated for each outcome model. Sensitivity analysis

assuming different outcomes was performed to assess the effect

of algorithm PSP diagnosis not being possible in 129 patients (10%).

Analyses were performed with R version 3.0 and Stata software

(release 14.1, 2016; StataCorp, College Station, TX).

Standard protocol approvals, registrations, and patient
consents.Written informed consent/assent was provided by patients

or the next of kin. The study was registered with International Stan-

dard Registered Clinical/Social Study Number registry (37118456)

and the European Union Drug Regulating Authorities Clinical Trials

Registry (2007-004298-24). Ethics approval was granted by the UK

National Research Ethics Committee (08/H0803/1).

RESULTS Of the 1,217 stroke patients included in the
study, 298 patients (24.4%) had anNGT inserted within
48 hours of onset. There were no significant differences in
age, sex, or stroke type between patients with and those
without NGT insertion, but patients with NGT had
more severe strokes (median NIHSS score 17 vs 14,
p 5 0.0001) with impaired consciousness, dysphasia,
and less frequent use of thrombolysis (table 1). Atrial
fibrillation was more common in patients with NGT,
but there were no differences in prestroke functional
status or the use of antibiotics for either the prevention
or treatment of PSP between groups. Antibiotic use was
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high in both groups, with a third of patients receiving
treatment antibiotics (table 1).

An objective algorithm–based diagnosis of PSP or
no PSP could not be established because of missing data
in 129 patients (10.6%). PSP, defined by the objective
Centers for Disease Control and Prevention–based
algorithm and assessed by researchers masked to base-
line characteristics and patient condition, was identified
in 123 of the remaining 1,088 patients (11.3%) and
was more frequent in patients with NGT (14.4% vs
10.1%, p 5 0.046) compared with those without
NGT (table 2). PSP was diagnosed by physicians in
192 of 1,217 patients (15.7%), with no differences
between patients with and those without NGT
(18.5% vs 15.3%, p 5 0.21). The higher incidence

of algorithm-defined PSP in patients with NGT did
not remain significant after adjustment for age, stroke
type, severity, and chronic lung disease (adjusted odds
ratio [OR] 1.26 [95% confidence interval [CI] 0.78–
2.03], p 5 0.35; table 3). Sensitivity analyses using
different outcome assumptions for the 129 of the
1,217 patients (10.6%) in STROKE-INF in whom
algorithm diagnosis was not possible did not show re-
sults different from the results for 1,088 patients in
whom algorithm diagnosis was possible. Preventive
antibiotics did not reduce the incidence of PSP in
patients with NGT (adjusted OR 1.05 [95% CI
0.73–1.52], p 5 0.803), and NGT placement did
not influence antibiotic treatment for PSP (OR for
interaction 1.33 [95% CI 0.51–3.48], p 5 0.56).

Table 1 Baseline patient characteristics, antibiotic use, and outcomes in 1,217 nil-by-mouth stroke patients

All NGT No NGT p Value

Patients, n (%) 1,217 298 (24.4) 919 (75.6)

Mean (SD) age, y 77.8 (12.0) 78.8 (11.8) 77.5 (12.1) 0.12

Missing 1 (0.1) 1 (0.3) 0

Male, n (%) 525 (43.1) 120 (40.3) 405 (44.1) 0.24

Missing 0 0 0

Stroke type, n (%)

Ischemic 1,092 (89.7) 262 (87.9) 830 (90.3) 0.24

Hemorrhagic 125 (10.3) 36 (12.1) 89 (9.7)

Missing 0 0 0

Impaired consciousness, n (%) 374 (30.8) 116 (38.9) 258 (28.2) ,0.001

Missing 3 (0.2) 0 3 (0.3)

Dysphasia, n (%) 662 (61.1) 198 (67.3) 464 (58.8) 0.012

Missing 9 (0.7) 4 (1.3) 5 (0.5)

Thrombolysis, n (%) 399 (32.8) 71 (23.5) 328 (35.7) ,0.001

Missing 0 0 0

NIHSS, median (IQR) 15 (9–20) 17 (12–21) 14 (8–20) ,0.001

Missing, n (%) 4 (0.3) 0 4 (0.4)

Comorbidities, n (%)

Hypertension 837 (68.8) 215 (72.2) 622 (67.8) 0.16

Diabetes mellitus 202 (16.6) 51 (17.1) 151 (16.4) 0.78

Atrial fibrillation 448 (36.8) 129 (43.3) 319 (34.8) 0.008

COPD 88 (7.2) 19 (6.4) 69 (7.5) 0.51

Previous strokes 352 (29.0) 91 (30.5) 261 (28.4) 0.49

Missing 1 (0.1) 0 1 (0.1)

Premorbid mRS score 0–2, n (%) 988 (82.4) 240 (81.2) 748 (82.6) 0.80

Missing 18 (1.5) 5 (1.7) 13 (1.4)

Preventive antibiotics, n (%) 615 (50.5) 164 (55.0) 451 (49.1) 0.02

Missing 0 0 0

Treatment antibiotics, n (%) 331 (27.2) 89 (29.9.2) 242 (26.3) 0.23

Missing 15 (1.4) 5 (1.7) 10 (1.3)

Abbreviations: COPD 5 chronic obstructive pulmonary disease; IQR 5 interquartile range; mRS 5 modified Rankin Scale;
NGT 5 nasogastric tube; NIHSS 5 NIH Stroke Scale.
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There were no differences in early (14-day) mor-
tality between patients with and those without
NGT (table 2). Patients with NGT who developed
PSP did not have a higher mortality than those who
did not develop PSP. In contrast, mortality was

significantly higher in patients without NGT with
PSP compared with those without PSP (table 2). Nei-
ther NGT placement (adjusted OR 1.10 [95% CI
0.67–1.78], p 5 0.71) nor algorithm-defined PSP
(adjusted OR 1.37 [95% CI 0.77–2.44], p 5 0.29)

Table 2 Unadjusted comparisons of outcomes between nil-by-mouth stroke patients stratified by nasogastric tube (NGT) use and poststroke
pneumonia (PSP) incidence

Algorithm-defined PSP Physician-diagnosed PSP

All NGT No NGT p Value All NGT No NGT p Value

Patients, n 1,088 298 790 1,217 298 919

PSP at 14 d, n (%) 123 (11.3) 43 (14.4) 80 (10.1) 0.046 192 (15.7) 54 (18.5) 138 (15.3) 0.210

Missing 0 0 0 0 0 0

Mortality at 14 d, n (%) 111 (10.2) 33 (11.1) 78 (9.9) 0.575 118 (10.0) 31 (10.7) 87 (9.7) 0.575

Patients with PSP 18 (14.6) 4 (9.3) 14 (17.5) 0.289 40 (21.0) 10 (18.2) 30 (22.3) 0.690

Patients without PSP 93 (9.6) 29 (11.4) 64 (9.0) 0.268 78 (7.6) 21 (9.5) 57 (7.6) 0.410

p, PSP vs no PSP 0.111 0.689 0.027 0.0001 0.092 0.0001

Missing 0 0 0 34 (2.8) 8 (2.7) 26 (2.8)

Mortality at 90 d, n (%) 231 (21.2) 79 (26.5) 152 (19.2) 0.010 231 (21.2) 79 (26.5) 152 (19.2) 0.010

Patients with PSP 40 (32.5) 13 (30.2) 27 (33.8) 0.840 89 (50.6) 29 (52.7) 60 (49.6) 0.746

Patients without PSP 191 (19.8) 66 (25.9) 125 (17.6) 0.006 142 (15.6) 50 (20.6) 92 (13.8) 0.017

p, PSP vs no PSP 0.002 0.577 0.001 0.0001 0.0001 0.0001

Missing 29 (2.7) 9 (3.0) 20 (2.5) 36 (3.0) 9 (3.0) 27 (2.9)

mRS score 0–2 at 90 d, n (%) 274 (25.2) 55 (18.5) 219 (27.7) 0.007 274 (25.2) 55 (18.5) 219 (27.7) 0.007

Patients with PSP 16 (13.0) 6 (14.0) 10 (12.5) 0.747 9 (5.1) 2 (3.6) 7 (5.8) 0.608

Patients without PSP 258 (26.7) 49 (19.2) 209 (29.4) 0.006 265 (29.1) 53 (21.8) 212 (31.7) 0.015

p, PSP vs no PSP 0.001 0.296 0.003 0.0001 0.007 0.0001

Missing 29 (2.7) 9 (3.0) 20 (2.5) 36 (3.0) 9 (3.0) 27 (2.9)

Median LOS (IQR), d 21 (10–48) 27 (13–60) 20 (9–41) 0.004 21 (10–58) 28 (13–62) 21 (9–45) 0.004

Patients with PSP 28 (13.5–55.5) 37 (18.5–55.5) 25 (10–50.5) 0.230 24 (13–48) 33 (15.5–55.5) 23 (11–43) 0.161

Patients without PSP 20 (10–46) 26 (11–60) 19 (9–40) 0.025 21 (9–48) 27 (12–62) 19 (9–41) 0.004

p, PSP vs no PSP 0.020 0.257 0.127 0.091 0.445 0.155

Abbreviations: IQR 5 interquartile range; LOS 5 length of stay; mRS 5 modified Rankin Scale.
Boldface type identifies the total patient group, of which the following rows are subgroups. Italic type is used for rows showing the results of significance tests.

Table 3 Contribution of nasogastric tube (NGT) insertion and poststroke pneumonia (PSP) to outcomes adjusted for age, stroke severity,
comorbidities, and stroke unit care

Algorithm-defined PSP
Physician-diagnosed
PSP Mortality at 14 d Mortality at 90 d mRS score of 0–2 at 90 d

Adjusted
OR (95% CI)

p
Value

Adjusted
OR (95% CI)

p
Value

Adjusted
OR (95% CI)

p
Value

Adjusted
OR (95% CI)

p
Value

Adjusted
OR (95% CI) p Value

NGT 1.26 (0.78–2.03) 0.353 1.27 (0.85–1.90) 0.248

NGT (adjusted for
algorithm-defined PSP)

1.10 (0.67–1.78) 0.713 0.95 (0.67–1.33) 0.749 1.13 (0.74–1.74) 0.565

NGT (adjusted for
physician-diagnosed
PSP)

1.12 (0.68–1.8) 0.692 0.92 (0.65–1.31) 0.654 1.16 (0.76–1.79) 0.485

Algorithm-defined PSP 1.37 (0.77–2.44) 0.288 1.71 (1.11–2.65) 0.015 0.53 (0.26–1.07) 0.076

Physician-diagnosed
PSP

2.41 (1.53–3.81) ,0.001 3.79 (2.64–5.46) 0.001 0.26 (0.12–0.54) ,0.001

Abbreviations: CI 5 confidence interval; mRS 5 modified Rankin Scale; OR 5 odds ratio.
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predicted early mortality (table 3). In contrast,
physician-diagnosed PSP had an independent associa-
tion with early mortality (adjusted OR 2.41 [95% CI
1.53–3.80], p , 0.001).

At 90 days, mortality was higher and functional
outcomes were poorer in patients with NGT (table 2),
but the differences compared with patients without
NGT did not remain significant after adjustment for
age and other patient characteristics, stroke severity,
PSP incidence, and quality of stroke care (table 3).
There was also no difference in the distribution of
mRS score categories at 90 days between patients with
NGT and those without NGT (adjusted OR 1.14
[95% CI 0.87–1.56], p 5 0.081; figure). Predicted
probability for various outcomes for patients with or
without NGT and with or without PSP (table 4)
showed no differences in any outcome that could be
attributed to NGT placement. Algorithm-defined PSP
and physician-diagnosed PSP were independent deter-
minants of 90-day mortality, but only physician-
diagnosed PSP was associated with poor functional
outcomes (table 3). The median length of hospital
stay was significantly longer for patients with NGT
(table 2). Patients with NGT had longer time to death
(adjusted hazard ratio 3.84 [95% CI 2.76–5.94], p 5
0.038) and longer time to discharge (adjusted hazard
ratio 2.34 [95% CI 2.05–2.73], p 5 0.05), even after

adjustment for baseline differences, PSP incidence, and
quality of care.

DISCUSSION This study showed that the incidence
of PSP, mortality, and poor functional outcomes are not
increased by NGT placement within 48 hours of pre-
sentation. Although PSP was an independent predictor
of 90-day mortality in nil-by-mouth stroke patients, its
incidence was not reduced by preventive antibiotics in
patients with NGT. NGT use was associated with
a 2- to 3-fold prolongation in hospital stay in both
those who died and those who were discharged.

PSP incidence in patients with NGT (14.4% algo-
rithm defined, 16.2% physician diagnosis) was consider-
ably lower than the 33% to 70% incidence reported
previously, and the risk of developing PSP was the same
rather than increased 3- to 4-fold compared with pa-
tients without NGT as described in observation stud-
ies.5,8 Previous observational studies have included all
stroke patients, did not adjust for stroke severity and
other baseline characteristics, and compared patients
with NGT, who were likely to have swallowing difficul-
ties, impaired consciousness, advanced age, or greater
stroke severity, with patients without NGT who lacked
these characteristics. In contrast, this study was limited
to those nil by mouth and balanced risk factors for PSP
between the groups with NGT and without NGT. The

Figure Distribution of modified Rankin Scale (mRS) scores at 90 days in nil-by-mouth stroke patients
managed with nasogastric tubes (NGTs) and without NGTs during acute admission

Unadjusted odds ratio (OR) 1.19 (95% confidence interval [CI] 1.01–1.79), p 5 0.022. Adjusted OR 1.14 (95% CI 0.87–
1.56), p 5 0.081 (adjusted for age, sex, baseline NIH Stroke Scale score, premorbid modified Rankin Scale [mRS] score,
stroke type, previous strokes, thrombolysis, stroke unit care). mRS 0 5 no symptoms; mRS 1 5 no disability despite
symptoms; mRS 2 5 slight disability, no assistance required; mRS 3 5 moderate disability, requiring some help; mRS 4
5 moderately severe disability, unable to walk or attend to personal needs without assistance; mRS 5 5 severe disability,
bedridden, incontinent, and requiring constant nursing care; and mRS 6 5 dead.
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low incidence of PSP may also be explained by the
routine use of preventive measures such as positioning,
regular suction, swallowing techniques, and modified
diet in nil-by-mouth patients on specialist stroke
units.18 The rate of PSP diagnosis is dependent on
the diagnostic criteria used.19 Physicians are influenced
by stroke severity and poor expectation of outcome in
diagnosing pneumonia20; it is likely that the presence
of NGT further increases this clinical bias. This study
applied an objective, criteria-based algorithm blindly
to the whole dataset to diagnose PSP, which not
only minimized the likelihood of false-positive diagno-
sis but also reduced bias from PSP diagnoses that may
have been missed clinically.

PSP incidence rather than NGT placement is asso-
ciated with higher mortality and poor outcomes at 90
days; the differences between patients with and those
without NGT disappear when corrected for age,
stroke type, and stroke severity. Fourteen-day mortal-
ity was not influenced by PSP incidence in patients
with NGT (table 2), confirming that early mortality
is more likely to result from neurologic complications
such as hemorrhage and cerebral edema rather than
infection. The significantly higher 14-day mortality

in patients with PSP who did not have NGT is most
likely to be explained by end-of-life care decisions in
terminal stroke patients. The association between
PSP and 90-day outcomes depended on the diagnos-
tic criteria used (table 3). Algorithm-diagnosed PSP
had an independent association only with mortality at
90 days. In contrast, physician-diagnosed PSP indepen-
dently correlated with increased 14- and 90-day mortal-
ity and with poor functional outcomes at 90 days. This
difference may be attributable to the influence of con-
servative care/end-of-life decisions in older patients and
patients with more severe stroke on physician diagnosis
of PSP, even in the absence of confirmatory investiga-
tions.21 This is supported by research showing that twice
as many patients receive antibiotics as diagnosed with
infections.10,11 The effects of such physician decisions on
research are unknown, and a structured approach to
PSP diagnosis, as used in this study, may be useful for
reducing bias in future studies.22

Preventive antibiotics did not reduce PSP incidence
or early mortality in patients with NGT. Explanations
include a lower PSP incidence in patients with NGT
than previously reported and the finding that NGT
placement, in itself, did not increase the risk of PSP.
It is also possible that preventive antibiotics do not
add to existing measures to prevent aspiration on spe-
cialist stroke units.18 Antibiotic prophylaxis is based
on the assumption of an infective pathogenesis for
PSP; it has been suggested that aspiration of gastric/
esophageal contents may result in pneumonitis of com-
plex bacterial, chemical, and immunologic origins,23 for
which novel strategies need to be investigated.24

A limitation of the study was that the data were
derived from a randomized controlled trial and a prospec-
tive cohort data structure was assumed. The inclusion
criteria of the randomized controlled trial may have re-
sulted in a selection bias. Patients with NGT were older;
had more severe strokes, altered consciousness levels, and
dysphasia; and were less likely to have been thrombo-
lyzed. Swallowing was assessed with the bedside water
swallowing test rather than instrumental techniques.
Because these factors can influence NGT placement6

and confound outcomes, these factors and the quality
of stroke unit care were included as additional explana-
tory variables in regression models of the prespecified
outcomes. Bias from missing data was reduced by the
use of multiple imputation assuming missingness at ran-
dom. Sensitivity analyses with different assumptions of
outcomes for patients in whom algorithm PSP diagnosis
was not possible did not have a significant effect, suggest-
ing that inclusion of these patients would not have
changed outcomes. The diagnostic criteria used for
PSP are another source of potential bias. Although the
algorithm-based diagnosis minimized detection bias,
STROKE-INF allowed the use of local guidelines for
investigations of suspected PSP, and not all patients

Table 4 Predicted probability for outcomes for patients with or without
nasogastric tubes (NGTs) and with or without diagnosis of poststroke
pneumonia (PSP)

Predicted probability 95% CI

Algorithm-defined PSP at 14 d

No NGT 0.09 0.07–0.11

NGT 0.11 0.07–0.16

Physician-diagnosed PSP at 14 d

No NGT 0.12 0.09–0.15

NGT 0.15 0.10–0.20

Death at 14 d

No NGT 0.07 0.05–0.09

NGT 0.08 0.05–0.11

No algorithm-defined PSP 0.07 0.06–0.09

Algorithm-defined PSP 0.09 0.06–0.15

Death at 90 d

No NGT 0.07 0.05–0.09

NGT 0.08 0.05–0.11

No algorithm-defined PSP 0.06 0.05–0.08

Algorithm PSPa 0.14 0.09–0.19

Good outcome (mRS score of 0–2) at 90 d

No NGT 0.24 0.21–0.27

NGT 0.23 0.18–0.29

No algorithm-defined PSP 0.23 0.20–0.26

Algorithm-defined PSP 0.33 0.25–0.43

Abbreviations: CI 5 confidence interval; mRS 5 modified Rankin Scale.
ap5 0.01 for increased probability of death at 90 days in patientswith PSP independently of NGT.
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had radiographic or microbiological confirmation of PSP
diagnosis.11 However, because this was true for both
groups, any bias arising from this source will be balanced.
Information was not collected on the duration between
stroke and NGT placement, number of tubes used, or
total duration of NGT placement. The algorithm diag-
nosis of PSP was based on a blinded review of prespeci-
fied criteria being fulfilled over 14 days after stroke, and
the exact time of PSP onset could not be determined.
There is a possibility that these factors may have
increased or expedited PSP incidence or worsened stroke
outcomes. The increased length of stay in patients with
NGT who did not develop PSP remains unexplained. It
is possible that this was associated with delays in starting
nutrition, rehabilitation, or decision making on future
care, but these data were not collected.

NGT placement does not increase PSP incidence,
early mortality, mortality, and poor functional out-
comes at 90 days independently of age, stroke type,
and stroke severity in stroke patients unable to swallow.
The relationship between PSP, increased mortality, and
poor functional outcomes is ambiguous and depends
on the criteria used for PSP diagnosis. PSP probably
increased 90-day mortality but may have had no effect
on functional outcome in survivors. The study suggests
that NGT can be used early for hydration and nutri-
tional support in nil-by-mouth stroke patients. It also
supports the need for consensus on well-defined diag-
nostic criteria for PSP for future research.
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