
Stroke

Stroke. 2022;53:53–60. DOI: 10.1161/STROKEAHA.120.032787 January 2022  53

Stroke is available at www.ahajournals.org/journal/str

 
Correspondence to: Jeroen C. de Jonge, MD, Department of Neurology, University Medical Center Utrecht, Heidelberglaan 100, PO Box 85500, 3584 CX Utrecht, the 
Netherlands. Email j.c.dejonge-6@umcutrecht.nl
This manuscript was sent to Shelagh Coutts, Guest Editor, for review by expert referees, editorial decision, and final disposition.
*A list of the VISTA collaborators is available in the Appendix.
The Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.032787.
For Sources of Funding and Disclosures, see page 59.
© 2021 The Authors. Stroke is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under the 
terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the original work is properly cited.

CLINICAL AND POPULATION SCIENCES

Temporal Profile of Pneumonia After Stroke
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BACKGROUND AND PURPOSE: The occurrence of pneumonia after stroke is associated with a higher risk of poor outcome or 
death. We assessed the temporal profile of pneumonia after stroke and its association with poor outcome at several time 
points to identify the most optimal period for testing pneumonia prevention strategies.

METHODS: We analyzed individual patient data stored in the VISTA (Virtual International Stroke Trials Archive) from 
randomized acute stroke trials with an inclusion window up to 24 hours after stroke onset and assessed the occurrence 
of pneumonia in the first 90 days after stroke. Adjusted odds ratios and hazard ratios were calculated for the association 
between pneumonia and poor outcome and death by means of logistic and Cox proportional hazard regression, respectively, 
at different times of follow-up.

RESULTS: Of 10 821 patients, 1017 (9.4%) had a total of 1076 pneumonias. Six hundred eighty-nine (64.0%) pneumonias 
occurred in the first week after stroke. The peak incidence was on the third day and the median time of onset was 4.0 days 
after stroke (interquartile range, 2–12). The presence of a pneumonia was associated with an increased risk of poor outcome 
(adjusted odds ratio, 4.8 [95% CI, 3.8–6.1]) or death (adjusted hazard ratio, 4.1 [95% CI, 3.7–4.6]). These associations were 
present throughout the 90 days of follow-up.

CONCLUSIONS: Two out of 3 pneumonias in the first 3 months after stroke occur in the first week, with a peak incidence on 
the third day. The most optimal period to assess pneumonia prevention strategies is the first 4 days after stroke. However, 
pneumonia occurring later was also associated with poor functional outcome or death.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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About 30% of patients develop an infection in the 
first days after stroke, of which about one-third is a 
pneumonia.1 The development of an infection after 

stroke is associated with a higher risk of poor outcome 
or death.1–4 In particular, pneumonia contributes to early 
mortality after stroke, and it has been estimated that 
10% of the deaths within 30 days after stroke are attrib-
utable to pneumonia.5,6

Limited data from small patients groups suggest 
that most pneumonias occur in the first 48 to 72 hours 
after stroke, but these studies only evaluated the 
development of pneumonia during hospital admission 

or within the first week or month after stroke.7–10 One 
study of 369 patients observed 2 peaks in the inci-
dence of pneumonia after stroke: one peak at admis-
sion and one peak at day 3 or 4.11 Most of the other 
previous studies made no further specification on the 
temporal profile of pneumonia after stroke and this has 
therefore remained largely unknown.

Greater knowledge about the temporal profile of the 
relation between pneumonia and functional outcome or 
death is important to design more effective prevention 
strategies.12 Knowledge of this temporal profile may iden-
tify the most optimal period for (antibiotic) prevention of 
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pneumonia after stroke. In 2 large clinical trials on the pre-
vention of infections after stroke, antibiotic treatment was 
started within 24 or 48 hours of stroke onset, for a period 
of 4 or 7 days.13,14 These trials failed to demonstrate a 
benefit of preventive antibiotics on the occurrence of 
pneumonia or on functional outcome. Our objective is to 
assess the temporal profile of pneumonia in a large num-
ber of patients with acute stroke and its relationship with 
poor outcome or death at different time points.

METHODS
We conducted a retrospective analysis of anonymized prospec-
tively collected individual patient data from the acute ischemic 
stroke or intracerebral hemorrhage databases of the VISTA 
(Virtual International Stroke Trials Archive). VISTA collects 
anonymized data from completed randomized stroke trials; its 
design has been reported previously.15 All included studies had 
individual ethics approval, and all participants gave consent. 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request. A 
completed PRISMA-IPD checklist (Preferred Reporting Items 
for Systematic Review and Meta-Analyses of Individual Patient 
Data) is added as Data Supplement.

To assess the occurrence of pneumonia early after stroke 
onset, we included patient data from trials with an inclusion win-
dow up to 24 hours after stroke onset; that reported on the 
occurrence of pneumonia; and had a follow-up period of 90 
days. We expected that all studies would report on the frequency 
of pneumonia because most pneumonias fulfill the criteria for a 
serious adverse event (SAE). SAEs that include the term pneu-
monia or lung infection were classified as pneumonia (Appendix 
I in the Data Supplement). The date of onset of pneumonia was 
defined as the start date of the relevant SAE reported in the 
adverse event forms of the trials. Pneumonia recorded within 
7 days following a previously documented pneumonia was 
considered as a single pneumonia. We assessed the temporal 
profile of the occurrence of pneumonia in the 90 days after 
stroke in the complete patient population, as well as in sub-
groups based on age (≤60 versus >60 years), sex, stroke type 
(ischemic stroke versus intracerebral hemorrhage), baseline 
score on the National Institutes of Health Stroke Scale (NIHSS; 

NIHSS score ≤12 versus >12), and treatment with alteplase. To 
gain more insight into the temporal profile of pneumonia after 
stroke, we compared it with that of urinary tract infection (UTI). 
Also, we assessed the relation between pneumonia after stroke 
and death or poor functional outcome (defined as a score of ≥3 
on the modified Rankin Scale after 90) for all pneumonias com-
bined as well as for pneumonias that occurred in specific time 
periods (days 0–6, days 7–30, days 31–60, and days 61–90). 
Finally, we assessed the time from reported pneumonia onset 
to death in patients who died and compared this time between 
pneumonias on days 0 to 6 and those on days 7 to 90. Other 
variables of interest included time from stroke onset to start of 
trial treatment, smoking, and comorbidities (history of diabetes, 
atrial fibrillation, hypertension, coronary heart disease, heart fail-
ure, myocardial infarction, previous stroke or transient ischemic 
attack, and hypocholesteremia).

Statistical Analysis
The absolute and relative risks of pneumonia or UTI and the 
median time from stroke onset to onset of pneumonia or UTI 
were summarized for the first 90 days after stroke. The same 
numbers were calculated for the first 7 days (day 0–6). The 
start day of pneumonia was compared in subgroups by means 
of an independent t test or Mann-Whitney U test, where appro-
priate. Associations between baseline characteristics and the 
development of pneumonia in the 90 days after stroke were 
assessed by univariate analysis (χ2 analysis, independent t test 
or Mann-Whitney test, where appropriate). Variables with the 
univariate P<0.15 were selected for inclusion in a multivari-
able logistic regression to identify independent predictors of 
pneumonia. A crude hazard ratio and adjusted hazard ratio with 
corresponding 95% CI were calculated for the risk of death 
after pneumonia by means of a Cox proportional hazard model 
with time-dependent covariates. Crude odds ratios (OR) and 
adjusted ORs (aOR) with corresponding 95% CIs were cal-
culated for the association between pneumonia and poor out-
come by means of logistic regression. In addition, aORs were 
calculated for (1) the occurrence of pneumonia in specific 
time periods (days 0–6, days 7–30, days 31–60, and days 
61–90) and (2) the date of onset of pneumonia as a continu-
ous variable, in relation to poor outcome and death. The aORs 
and adjusted hazard ratios were adjusted for factors known to 
be related to outcome after stroke: age, sex, stroke severity 
(defined as the score on the NIHSS), stroke type, hypertension, 
diabetes, myocardial infarction, and treatment with alteplase. 
Statistical significance was set at 95%. Adjustments for mul-
tiplicity of testing were not performed. All data were analyzed 
using SPSS version 25 (IBM, Chicago, IL).

RESULTS
Our study included 10 821 patients from both the treat-
ment as placebo group from 9 neutral randomized clini-
cal trials conducted between 1995 and 2013. Table 1 
summarizes the baseline characteristics. The mean age 
was 71 years (interquartile range [IQR], 61–78), 44.3% 
were female, and the majority of patients had ischemic 
stroke (89.2%) rather than intracerebral hemorrhage. 
Since the studies were performed in 1995 and 2013, 
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none of the patients received mechanical thrombectomy. 
The median NIHSS score was 12: the study consisted of 
234 minor stroke (NIHSS score 0–4), 7017 moderate 
stroke (NIHSS score 5–15), 2317 moderate to severe 
stroke (NIHSS score 16–20), and 1251 severe stroke 
(NIHSS score 21–42).

Infection Incidence and Temporal Profile
Thirty-seven pneumonias recorded within 7 days follow-
ing a previously documented pneumonia were consid-
ered as a single pneumonia. A total of 1017 patients 
had a total of 1076 pneumonias in the first 90 days 
after stroke (cumulative incidence of 9.4%). The median 
time of pneumonia onset was 4.0 days after stroke (IQR, 
2–12). A total of 689 pneumonias (64.0%) occurred in 
the first 7 days after stroke (Figure 1; cumulative inci-
dence of 6.4%). Of all pneumonias in the first 7 days 
after stroke, the median time of onset was 3.0 days after 
stroke (IQR, 2.0–4.0). Most pneumonias were diagnosed 
on the third day after stroke onset (20% of all pneumo-
nias; 30% of all pneumonias in the first 7 days; Figure 2).

Patients with severe stroke (NIHSS score >12) had 
a pneumonia earlier (median 4.0 days [IQR, 2–12]) than 
patients with a less severe stroke (NIHSS score ≤12; 

median 5.0 days [IQR, 3.0–15.8]; P=0.02). There were 
no differences in the day of pneumonia onset between 
subgroups based on age, sex, stroke type, or treatment 
with alteplase.

In 1033 patients, a total of 1120 UTIs occurred in the 
first 90 days after stroke (cumulative incidence 9.5%). 
The median day of UTI onset was 6.0 days (IQR, 3–14 
days), which was later than that of pneumonia (P<0.001). 
In the first 7 days after stroke, 627 UTIs occurred (56% 
of all UTIs), with the highest incidence on the fourth day 
(12% of all UTIs; 21% of all UTIs in the first 7 days). The 
median time of UTI onset in this subgroup was 3.0 days 
after stroke (IQR, 2–5), which was later than the onset of 
pneumonia (P<0.001).

Predictors of Pneumonia
Univariate analysis identified higher age, male sex, higher 
NIHSS, atrial fibrillation, diabetes, coronary heart dis-
ease, heart failure, myocardial infarction, and treatment 
with alteplase as statistically significant predictors of 
the occurrence of pneumonia in the first 90 days after 
stroke. In multivariable analysis, higher age, male gender, 
higher NIHSS, atrial fibrillation, diabetes, and the use of 
alteplase remained independent predictors (Table 1).

Table 1. Baseline Characteristics

Variable All (n=10 821) No pneumonia (n=9804) Pneumonia (n=1017) P value

Age, y 71 (61–78) 71 (61–78) 75 (67–81) <0.001*

Sex (male) 6024/10 821 (55.7%) 5396/9804 (55.0%) 628/1017 (61.8%) <0.001*

NIHSS 12 (9–17) 12 (8–17) 16 (12–20) <0.001*

Time from stroke to RCT treat-
ment, h

4.2 (3.4–5.4) 4.2 (3.4–5.5) 4.0 (3.3–5.0) NA

Stroke type 0.89

 Ischemic stroke 9647/10 821 (89.2%) 8739/9804 (89.1%) 908/1017 (89.3%)  

 ICH 1174/10 821 (10.8%) 1065/9804 (10.9%) 109/1017 (10.7%)  

Comorbidity

 Atrial fibrillation 2589/10 820 (23.9%) 2239/9803 (22.8%) 350/1017 (34.4%) <0.001*

 Hypertension 7316/10 820 (67.6%) 6600/9803 (67.3%) 716/1017 (70.4%) 0.046

 Diabetes 2269/10 821 (21.0%) 1991/9804 (20.3%) 278/1017 (27.3%) <0.001*

 Coronary heart disease 2008/7444 (27.0%) 1737/6596 (26.3%) 271/848 (32.0%) 0.001†

 Heart failure 562/7059 (8.0%) 461/6262 (7.4%) 101/797 (12.7%) <0.001†

 Myocardial infarct 1400/10 819 (12.9%) 1244/9802 (12.7%) 156/1017 (15.3%) 0.017

 Previous stroke 2879/10 809 (26.6%) 2615/9794 (26.7%) 264/1015 (26.0%) 0.64

 Previous TIA 628/7129 (8.8%) 552/6320 (8.7%) 76/809 (9.4%) 0.53

 Hypercholesteremia 915/4126 (22.2%) 875/3877 (22.6%) 40/249 (16.1%) 0.017†

Smoking 0.001

 Never 7813/9978 (78.3%) 7065/9074 (77.9%) 748/904 (82.7%) …

 Ever 2165/9978 (21.7%) 2009/9074 (22.1%) 156/904 (17.3%)  

Treatment with alteplase 2692/10 817 (24.9%) 2401/9800 (24.5%) 291/1017 (28.6%) P=0.004*

Data were presented as median (IQR) or % (n/N). ICH indicates intracerebral hemorrhage; IQR, interquartile range; NIHSS, National Insti-
tutes of Health Stroke Scale; RCT, randomized clinical trial; and TIA, transient ischemic attack.

*Remained statistically significant in multivariable analysis.
†Excluded from multivariable analysis because of large number of missing values.
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Outcomes
A score on the modified Rankin Scale at 90 days 
was missing for 241 of the 10 821 patients (2.2%). 
Of all 1017 patients with pneumonia after stroke, 
485 (47.8%) had died at 90 days, compared with 
1439 (14.7%) of 9793 patients without pneumo-
nia (P<0.001; Figure 3). The median time between 
the diagnosis of pneumonia and death was 6 days 
[IQR, 2–18]; 8 days [IQR, 3–22] for pneumonia that 
started between day 0 and 6, and 3 days [IQR, 1–10] 
for pneumonia that started between day 7 and 90 
(P<0.001). The presence of pneumonia was associ-
ated with an increased risk of death (adjusted hazard 
ratio, 4.1 [95% CI, 3.7–4.6]). The association between 
pneumonia and a higher risk of death remained pres-
ent in all analyzed time periods (Table 2). A later start 
of pneumonia appeared to be associated with a higher 
risk of death, but this was just not statistically signifi-
cant (aOR, 1.01 [95% CI, 1.0–1.01]; P=0.051). Pneu-
monia in the first 90 days was associated with a poor 
functional outcome (aOR, 4.8 [95% CI, 3.8–6.1]). The 
association between pneumonia and poor functional 
outcome was present in all time periods (Table 2). 
There was no association between the time of onset 

of pneumonia and the risk of a poor outcome (aOR, 
1.0 [95% CI, 0.99–1.01]; P=0.74).

DISCUSSION
The current study based on a large international data-
base confirms earlier reports that about one in every 
10 patients has a pneumonia in the first 90 days after 
stroke and shows that almost 2 out of every 3 pneu-
monias occur in the first week. The peak incidence of 
pneumonia was on the third day after stroke, accounting 
for almost 20% of all pneumonias after stroke. Pneu-
monias occurred earlier and more frequently in patients 
with a more severe stroke. The occurrence of pneumo-
nia was independently associated with poor functional 
outcome or death at any time point during the 90-day 
follow-up period.

Smaller previous studies reported a median or mean 
period between stroke onset or hospitalization and pneu-
monia of 1.8,8 1.9,16 2.0,17 3.0,9 or 4.4 days,10 observed 
an peak incidence on the second day,18 or found that 
the majority of pneumonias occurred within 487 or 72 
hours.2,10 However, these studies were limited by a short 
follow-up duration (eg, only during hospital admission 

Figure 1. Temporal profile of post-
pneumonia and urinary tract infection.
Absolute number (black bars) and cumulative 
percentage (gray line) of pneumonia (A) and 
urinary tract infection (B) in the first 90 d 
after stroke.
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or limited to the first week or month), reported on small 
patient numbers (with an amount of pneumonias ranging 
from 22 to 102), combined all infections,2,18 or studied 
specifically patients in the intensive care unit8 or those 
with dysphagia or tube feeding.17 One study evaluated 
the course of pneumonia after stroke in more detail. This 
study evaluated 51 respiratory infections in the first 30 
days after stroke onset in 369 tube-fed patients and 
found 2 peaks of infection (on day 1 and on day 3–4).11 
In contrast to the previous smaller studies, larger cohort 
studies on infections or pneumonia after stroke did 
not provide details on the temporal profile,1,3,5,19,20 even 
emphasizing the limited available data on timing.21 In our 
study, we included 10 821 patients with a follow-up dura-
tion of 90 days, in whom we observed 1076 pneumonias. 
The peak incidence occurred between 48 and 72 hours 
after stroke onset. The cumulative incidence of 9.4% in 
our study is comparable to the 10% reported in the liter-
ature.1 Our finding that pneumonia was associated with 
poor functional outcome or death at any time point dur-
ing the 90-day follow-up period is in line with previous 
findings.12,22 In addition, we found that where pneumonia 
occurred >1 week after stroke onset, it resulted in death 
in fewer days than when pneumonia occurred during the 
first week after stroke onset (3 versus 8 days). Our find-
ing may reflect more aggressive pneumonia treatment, 
dysphagia assessment, or more intensive staff input in 
stroke units compared with more reserved treatment 

approaches in a later stage after stroke,23 for example, 
because of installed treatment restrictions.

The early peak incidence of pneumonia after stroke 
in our study is consistent with the 2 most important con-
cepts of the pathophysiology of pneumonia after stroke: 
stroke-facilitated aspiration and stroke-induced immuno-
depression.24,25 In our study, the median time of pneu-
monia onset was 4.0 days after stroke. However, the 
moment of diagnosis is preceded by both an incubation 
period of the pneumonia as well as the time required for 
diagnostic evaluation to conclude a diagnosis of pneu-
monia. Therefore, the temporal profile we found sug-
gests that the process towards the development of most 
pneumonias starts very early after stroke onset. In addi-
tion, pneumonias occurred earlier than UTIs, the second 
most common infection after stroke. Animal studies have 
suggested that stroke-induced immunosuppression is 
already present in the first hours after stroke.26 In addi-
tion, about 15% of patients with acute ischemic stroke 
already have signs of pulmonary infection on chest 
computed tomography imaging within a few hours after 
stroke onset, suggestive for aspiration at stroke onset or 
in the first few hours after stroke.16 Therefore, the con-
cepts of stroke-facilitated aspiration and stroke-induced 
immunosuppression are both in accordance with the 
temporal profile described in the current study.

If preventive antibiotics would be of any benefit, the 
results of our study suggest that these should be started 

Figure 2. Risk of post-pneumonia and urinary tract infection.
Absolute risk of pneumonia (A) and urinary tract infection (B) in the first 7 d after stroke. Relative risk of pneumonia (C) and urinary tract 
infections (D), defined as the number of pneumonia or urinary tract infections on a specific day in relation to all pneumonia or urinary tract 
infections in the first 7 d after stroke.
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as soon as possible after stroke and continued for at 
least 4 days. In the large randomized trials, PASS (Pre-
ventive Antibiotics in Stroke Study) and STROKE-INF 
(Prophylactic Antibiotics After Acute Stroke for Reducing 
Pneumonia in Patients With Dysphagia), prophylactic anti-
biotics did not improve outcome after 90 days in patients 
with acute stroke.13,14 PASS had an inclusion window of 
24 hours and had a treatment duration of 4 days. There 
was no association between time to start prophylactic 
treatment (divided in subgroups of 0–3, 3–6, 6–12, and 
12–24 hours) and outcome, but the numbers of patients 
per subgroup are not known. STROKE-INF had an inclu-
sion window of 48 hours after stroke onset and a treat-
ment duration of 7 days. The study did not report on 
time-to-treatment subgroup analyses. Both studies found 
that treatment with antibiotics was safe and associated 
with just a small number of related adverse events, such as 
allergic reactions or C difficile infections. Further insights 
will be provided by the ongoing PRECIOUS trial (Pre-
vention of Complications to Improve Outcome in Elderly 

Patients With Acute Stroke), which has a 24-hour inclu-
sion windows and includes elderly patients with moderate 
to severe stroke, who are, therefore, at the highest risk of 
pneunomia.27 Our findings may also inform (randomized 
trials on) other prevention strategies, such as dysphagia 
assessment, swallowing interventions, early mobilization, 
or oral hygiene improvement.

Our study has limitations. First, there is no uniform 
definition of pneumonia in the VISTA database. Since 
the date of onset of the pneumonia was the date that 
was reported on the adverse event logs, the diagnosis 
was most likely physician-based rather than an made by 
an expert panel or on the Centers for Disease Control 
and Prevention criteria.28 Previous studies have shown 
that the incidence of physician-diagnosed pneumonia 
is higher than that made by an expert panel.13,14 In addi-
tion, it is not known which sign or symptom was consid-
ered by the local investigator to represent the start of 
pneumonia. Also, in the VISTA database, several terms 
are used for reporting respiratory tract infections. We 

Table 2. Association Between Timing of Pneumonia and Poor Outcome and Death

Time period of pneumonia Death aOR (95% CI) Poor outcome aOR (95% CI)

Day 0–6 305/687 (44%) 3.1 (2.6–3.7) 618/677 (91%) 5.0 (3.8–6.7)

Day 7–30 122/227 (54%) 4.6 (3.5–6.2) 206/225 (92%) 4.9 (3.0–8.0)

Day 31–60 57/94 (61%) 7.5 (4.8–11.8) 87/94 (93%) 7.1 (3.1–16.0)

Day 61–90 29/60 (48%) 3.8 (2.2–6.6) 50/58 (86%) 3.1 (1.4–6.9)

Frequency of pneumonia in specific time periods and its relation with death and poor outcome, compared with patients without 
pneumonia. aOR indicates adjusted odds ratio.

Figure 3. Kaplan-Meier curve showing survival of patients with (dark line) and without (gray line) pneumonia after stroke.
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have only selected the terms which include the term 
pneumonia. Terms that could also include other disease 
entities were not included (eg, lower respiratory tract 
infection was excluded because acute bronchitis also 
falls into this category), so the reported pneumonia 
incidence could be an underestimation. Second, several 
factors could have influenced the reporting of pneumo-
nia. Since most data on the occurrence of pneumonia 
are from SAE reporting, there is a risk that some pneu-
monias could have occurred before inclusion into the 
trial or that some pneumonias in trials did not meet the 
criteria for SAE, and therefore, are not incorporated in 
the current study. We have tried to minimize this risk 
by selecting a short inclusion window to start of trial 
treatment of 24 hours. Also, patients who have a pneu-
monia at baseline, patients who have either the least or 
most severe stroke, or patients who have severe comor-
bidities are less likely to be included in a trial, which 
could have led to selection bias. Third, we do not have 
information on (antibiotic) treatment of pneumonia. The 
treatment type, duration of treatment, and the withhold-
ing of treatment could be important to interpret the 
relation between pneumonia and death or dependency.

In conclusion, pneumonia is a frequent complication 
in the first 90 days after stroke, with a peak incidence 
on the third day. Pneumonia was associated with poor 
functional outcome or death at any time point during the 
90-day follow-up period.
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