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patients and are not representative of the general stroke
population, whereas our mean age of 77 years is in agreement
with epidemiologic studies.22,23

The severity of stroke was strongly associated with a
greater risk of most complications, which corresponds to
results from several other studies.1–5,8,24 However, the occur-
rence of other pain and falls during the first week was not
associated with the severity of stroke. These findings might
be explained by the fact that patients with severe stroke very
often have reduced consciousness or a reduced ability to
speak and therefore will not perceive or be able to inform
caregivers about pain, and due to their inability to move and
walk, they will not be at high risk for falls. In the long term,
the severity of stroke also seems to be important for these
complications.8

Definition of complications is another factor that may
contribute to differences in results across studies. Our defi-
nition of progressing stroke did not include speech, and
therefore, the number of patients with progressing stroke
might have been slightly underestimated. All of our other
definitions were similar to those used in most previous
complication studies.1,8,10 The results from a recent study
with a low complication rate of 27% in acute inpatients might
be explained by differences in definitions, types of compli-
cations recorded, and perhaps even incomplete recording, as
those investigators found an occurrence of fever in only 1.2%
of patients, which is remarkably low.25 For further systematic
research on and comparison of complications, guidelines
regarding operative definitions of key complications are
needed. The definitions from Davenport et al1 might be a
possible framework for future complications studies, if sup-

plemented with some important complications in the very
acute phase.

In our study, we mainly included symptomatic complica-
tions and not those that could only be discovered by contin-
uous monitoring during the acute phase, eg, low oxygen
tension, periods of cardiac arrhythmias, or hypotension.11–13

During the years when our study was ongoing, we could not
offer continuous monitoring to all acute stroke patients, and
for this reason, we excluded these complications. A recent
study indicates that prolonged monitoring can detect compli-
cations like hypoxia and hypertension, but the importance of
these findings is unknown.26

What can be learned from the results of our study? First, to
reduce the present rate of complications, a focus on the first
4 days seems important, because most complications have an
early onset. Perhaps greater use of continuous monitoring can
be of value in reducing some complications in this initial
phase, effected by better control of physiologic homeosta-
sis.11–14,27,28 However, more research is needed to find the
appropriate level and length of monitoring,26–29 as bed-related
complications might increase if monitoring increases and
mobilization decreases.9,18,26,28,29 Many of the other compli-
cations like infections, pain, and falls will probably not be
affected by more monitoring but depend more on the care
given by specially trained staff in the SU.9,14,26 Although most
complications occur during the first 4 days, present knowl-
edge indicates that an average length of stay of at least 1 week
is necessary for the optimal effect of SU care on survival and
functional recovery.9,15 This suggests that reduction of com-
plications is not the only important factor in effective SU
care.

Figure 2. Timing of the most common complications (!5%) during the first 3 months after stroke, expressed as the cumulative propor-
tion (%) of patients who were noted to have 1 or more of these complication during these 3 months.
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cations, have almost disappeared in a modern SU. Most
complications occurred during the first 4 days after admis-
sion, and stroke severity was the most important risk factor
for the development of complications.

Studies of high quality on complications after stroke are
difficult to perform; they require a systematic approach as
well as honest reporting. The strengths of our study were the
prospective design, the close observation of an unselected
group of stroke patients from the first 24 hours after onset in
a well-established and defined evidence-based stroke service,
prespecified criteria for complications, and recording by a
small number of trained health professionals. The complete-
ness of recording of complications is a problem that seldom
has been paid attention to. We specifically focused on this
issue, as complication rates might be used as quality indica-
tors for stroke care and underreporting of complications could
falsely indicate a seemingly high quality of care. In our
opinion, a strength of our study is that we have previously
shown good outcomes for patients treated in our stroke
service,15–19 indicating service of high quality, regardless of
complication rates. Hence, we encouraged the recording of all
actual complications to have the possibility of further improv-

ing stroke care. Our results should therefore be close to the
true complication rates in unselected acute stroke patients
treated in an effective stroke service. The 54 stroke patients
excluded because of late admission had milder strokes and
therefore, likely a lower risk of complications. Because these
patients accounted for only 11% of the study population, their
impact on complication rates would have been modest.

One limitation is that we recorded only 16 complications.
Other complications might have been appropriate and inter-
esting to include. It is also a weakness that, owing to limited
resources, only half of the patients could be followed up for
3 months, although they seem representative of the whole
group.

Despite differences among studies regarding selection of
patients, timing, duration of follow-up, definition of compli-
cations, and type of complications, our overall frequency of
complications is largely in agreement with several other
studies4,6,8 and reviews.20,21 SUs are believed to be an
effective organization for the prevention, early identification,
and management of complications.10,15,17,18 Hence, studies on
complications in patients who are not offered SU care might
not be representative of modern, effective stroke care. Re-
garding SU studies, our complication rate was somewhat
higher than in the study from Germany.14 The younger age
(mean, 66 years vs 77 years) can probably explain most of the
differences. In the study from England,10 fever and other pain
were not recorded, which can account for a lower frequency
of complications. Our complication rates were similar to the
results of an Italian study, except for fever and chest infec-
tions, which were very low in their study.13 The increased risk
of complications in the acute phase has also previously been
reported.14,20,21 Studies on complications lacking information
from the early acute phase or from follow-up after the first
week cannot tell the whole story about the frequency of
complications after stroke.

The selection of patients is another factor that likely
impacts the frequency of complications. Davenport and
coworkers1 found that patients of advanced age, with high
comorbidity, and with previous disability had the highest risk
of complications. Our results indicate that SU care reduces
the risk of complications due to comorbidity, but age is still
important. Stroke studies in western Europe of patients with
a mean age !70 years have probably excluded elderly

Table 5. Stroke Severity and Frequency of the 8 Most Common Complications During the First Week

Complication

SSS 0–14
(n"61)

SSS 15–29
(n"58)

SSS 30–44
(n"111)

SSS 45–51
(n"124)

SSS 52–58
(n"135)

P Value
for Trendn % n % n % n % n %

Fever 34 55.7 32 55.2 23 20.7 19 15.3 8 5.9 0.0001

Chest infections 29 47.5 14 24.1 4 3.6 7 5.6 1 0.7 0.0001

Progressing stroke 18 29.5 12 20.7 41 36.9 13 10.5 6 4.4 0.0001

MI 8 13.1 8 13.8 4 3.6 1 0.8 1 0.7 0.0001

UTI 12 19.7 9 15.5 31 27.9 20 16.1 6 4.4 0.001

Troponin T 8 13.1 10 17.2 11 9.9 22 17.7 6 4.4 0.079

Falls 1 1.6 4 6.9 17 15.3 10 8.1 4 3.0 0.63

Other pain 6 9.8 17 29.3 32 28.8 36 29.0 26 19.3 0.54

Table 6. Frequency of Complications During the 3 Months
After Stroke Onset

Frequency of Complications n %

Common complications, #5.0 %

Other pain 134 53.3

UTI 68 27.9

Nonserious falls 61 25.0

Chest infections 42 17.2

Other infections 31 12.7

Shoulder pain 26 10.7

Acute MI 17 7.0

Stroke recurrence 13 5.3

Rare complications, !5.0 %

Serious falls 8 3.3

Pressure sores 7 2.9

Seizures 6 2.5

Deep vein thrombosis 6 2.5

Pulmonary embolism 3 1.2
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Incidence pneumonie post AVC

Badve, Int J Stroke 2018

Figure 3. Forest plot showing the pooled frequency of post-stroke pneumonia.

NOTE: Weights are from random effects analysis

Overall  (I-squared = 98.1%, p = 0.000)
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• Méta analyse de 47 études prospectives

• Toutes populations d’AVC isch + hem

• Fréquence poolée : 12.3 [11.1 – 13.6] %



Infections post-AVC
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Associations with population- and study characteristics
Associations between population and study characteris-
tics with infection rates are noted in Table 2 and 3. In
univariate analysis, infection rate was higher in ICU-stu-
dies (P = 0.05) and in studies with a longer observation
period (P = 0.03); a trend towards significance was seen
for lowered consciousness (P = 0.06). We did not per-
form multivariate analysis for infection, because few stu-
dies reported all 3 variables. In the subgroup of non-
ICU studies, an even stronger association was seen for
observation period (P = 0.003).
The rate of pneumonia was higher in ICU studies (P =

0.001), prospective studies (P = 0.02), studies that speci-
fically evaluated infections (P = 0.004), studies with con-
secutive enrollment (P = 0.005), studies with a higher
stroke severity (P = 0.01) and studies with higher pro-
portions of patients with a lowered consciousness (P =
0.001). Stroke severity was closely related to ICU-study
(Mann-Whitney U, Z -2,154, P = 0.02). In multivariate
analysis pneumonia rate was associated with study

characteristics: ICU studies (B 0.207, standard error (se)
0.042, P <0.01), study aim on infection (B 0.062, se
0.026, P = 0.02), consecutive enrollment (B 0.058, se
0.024, P = 0.02). Stroke severity and lowered conscious-
ness were excluded from this multivariate analysis since
these characteristics were only reported in a relatively
small number of studies. In non-ICU studies, rate of
pneumonia was also higher in studies that specifically
evaluated infections (B 0.06, se 0.025, P = 0.02) and stu-
dies with consecutive enrollment (B 0.065, se 0.022, P =
0.005) in multivariate analysis. No associations were
found between age (P = 0.18) or dysphagia (P = 0.16)
and pneumonia rate.
The rate of urinary tract infections was higher in stu-

dies with a higher stroke severity (P = 0.01), a lower
proportion of male patients (P = 0.005), prospective stu-
dies (P = 0.02) and in studies with a longer observation
period (P = 0.10). A trend towards significance was seen
for studies with a higher mean age (P = 0.08). In multi-
variate analysis, advanced age was independently

Table 1 Pooled infection rates in 137817 patients with stroke
All studies ICU studies Non-ICU studies

No. of included studies 87 8 79

No. of evaluated patients 137817 871 136946

Infection rates % (95%CI) % (95%CI) % (95%CI)

All infections 30 (24-36) 45% (38-52%) 28% (22-34%)

Pneumonia 10 (9-10) 28% (18-38%) 9% (9-10%)

Urinary tract infection 10 (9-12) 20% (0-40%) 10% (8-11%)

Footnote Table 1: CI denotes confidence interval

Table 2 Univariate analysis between study or population
characteristics and reported infection rates
Study/population
characteristic*

No. of
studies

No. of evaluated
patients

P-
value

Study design

Prospective design 18 9174 0.82

Consecutive
enrollment

18 9174 0.42

Study aim on infection 18 9174 0.89

Observation period 17 8844 0.03

Population characteristics

Income country 18 9174 0.94

Age 18 9174 0.35

Gender 18 9174 0.86

ICU population 18 9174 0.05

Infarction of bleeding 18 9174 0.15

Stroke severity (NIHSS) 5 1818 0.14

Lowered
consciousness

6 2365 0.06

Dysphagia 6 395 0.97

Footnote Table 2: definitions of characteristics can be found in Additional File
1: Table S3

Table 3 Univariate analysis between study or population
characteristics and reported pneumonia rates
Study/population
characteristic*

No. of
studies

No. of evaluated
patients

P-
value

Study design

Prospective design 87 137779 0.02

Consecutive
enrollment

87 137779 0.005

Study aim on infection 87 137779 0.004

Observation period 73 102280 0.37

Population characteristics

Income country 87 137779 0.23

Age 77 118755 0.30

Gender 80 132750 0.76

ICU population 87 137779 0.001

Infarction of bleeding 87 137779 0.13

Stroke severity (NIHSS) 20 31493 0.01

Lowered
consciousness

25 52939 0.001

Dysphagia 26 17937 0.19

Footnotes Table 3: *definitions of characteristics can be found in Additional
File 1: Table S3

Westendorp et al. BMC Neurology 2011, 11:110
http://www.biomedcentral.com/1471-2377/11/110
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• Taux d’infections post-AVC plus élevé dans les 
population de réanimation
• Pneumonie et infections urinaires les plus 

fréquents
• Attention au design des études!
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Problématiques des études de réanimation
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Infections post-AVC
Patients de réanimation

Berger, J Crit Care 2014

Dans une population de patients de 
réanimation avec un % de VM élevé : 

• 82% des patients vont faire une infection

• Poumon >>> autres sites

• Pneumonie est la 1ere cause de sepsis/ 
choc septique
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s u m m a r y 
Objectives: To describe the epidemiology and prognostic impact of pneumonia in acute ischemic stroke 
patients requiring invasive mechanical ventilation. 
Methods: Retrospective analysis from a prospective multicenter cohort study of critically ill patients with 
acute ischemic stroke requiring invasive mechanical ventilation at admission. Impact of pneumonia was 
investigated using Cox regression for 1-year mortality, and competing risk survival models for ICU mor- 
tality censored at 30-days. 
Results: We included 195 patients. Stroke was supratentorial in 62% and 64% of patients had a Glasgow 
coma scale score < 8 on admission. Mortality at day-30 and 1 year were 56%, and 70%, respectively. Post- 
stroke pneumonia was identified in 78 (40%) patients, of which 46/78 (59%) episodes were present at ICU 
admission. Post-stroke pneumonia was associated with an increase in 1-year mortality (adjusted HR 1.49, 
95%CI [1.01–2.20]). Post-stroke pneumonia was not associated with ICU mortality but was associated with 
a 1.6-fold increase in ICU length of stay (CSHR 0.62 [0.39–0.99], p = 0.06). 
Conclusions: In ischemic stroke patients requiring invasive ventilation, pneumonia occurred in 40% of 
cases and was associated with a 49% increase in 1-year mortality. Post-stroke pneumonia did not impact 
day-30 mortality but increased ICU length of stay. 

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
Introduction 

Infection is a frequent medical complication after stroke 1 with 
an observed pooled frequency from a recent meta-analysis of 21%, 
most frequently involving the lungs (12%) and urinary tract (8%). 2 

∗ Corresponding author at: Medical and Infectious Diseases Intensive Care Unit, 
AP-HP, Bichat-Claude Bernard Hospital , 46 rue Henri Huchard, 75018 Paris, France. 

E-mail address: etienne.demontmollin@aphp.fr (E. de Montmollin). 

The mechanisms leading to post-stroke infections are complex 
and include a combination of brain injury-induced immunosup- 
pression, neurological impairment that fosters lung aspiration, 
immobilization, and use of urinary catheters. 3,4 Post-stroke in- 
fections, in general, are associated with lower survival and less 
favorable neurologic outcomes. 5 When analyzing by infection type, 
post-stroke pneumonia but not urinary tract infections seem to be 
the main driver of this negative impact. 5 

https://doi.org/10.1016/j.jinf.2019.06.012 
0163-4453/© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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s u m m a r y 
Objectives: To describe the epidemiology and prognostic impact of pneumonia in acute ischemic stroke 
patients requiring invasive mechanical ventilation. 
Methods: Retrospective analysis from a prospective multicenter cohort study of critically ill patients with 
acute ischemic stroke requiring invasive mechanical ventilation at admission. Impact of pneumonia was 
investigated using Cox regression for 1-year mortality, and competing risk survival models for ICU mor- 
tality censored at 30-days. 
Results: We included 195 patients. Stroke was supratentorial in 62% and 64% of patients had a Glasgow 
coma scale score < 8 on admission. Mortality at day-30 and 1 year were 56%, and 70%, respectively. Post- 
stroke pneumonia was identified in 78 (40%) patients, of which 46/78 (59%) episodes were present at ICU 
admission. Post-stroke pneumonia was associated with an increase in 1-year mortality (adjusted HR 1.49, 
95%CI [1.01–2.20]). Post-stroke pneumonia was not associated with ICU mortality but was associated with 
a 1.6-fold increase in ICU length of stay (CSHR 0.62 [0.39–0.99], p = 0.06). 
Conclusions: In ischemic stroke patients requiring invasive ventilation, pneumonia occurred in 40% of 
cases and was associated with a 49% increase in 1-year mortality. Post-stroke pneumonia did not impact 
day-30 mortality but increased ICU length of stay. 

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
Introduction 

Infection is a frequent medical complication after stroke 1 with 
an observed pooled frequency from a recent meta-analysis of 21%, 
most frequently involving the lungs (12%) and urinary tract (8%). 2 
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The mechanisms leading to post-stroke infections are complex 
and include a combination of brain injury-induced immunosup- 
pression, neurological impairment that fosters lung aspiration, 
immobilization, and use of urinary catheters. 3,4 Post-stroke in- 
fections, in general, are associated with lower survival and less 
favorable neurologic outcomes. 5 When analyzing by infection type, 
post-stroke pneumonia but not urinary tract infections seem to be 
the main driver of this negative impact. 5 
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Pneumonies post-AVC chez le patient ventilé

E. de Montmollin, S. Ruckly and C. Schwebel et al. / Journal of Infection 79 (2019) 220–227 223 
Table 2 
ICU management and outcomes. 

Variable All No pneumonia Pneumonia p 
N (%) or median [Q1–Q3] N = 195 N = 117 N = 78 
Organ support 
Duration of invasive ventilation, days 5 [3–12] 4 [3–7] 9 [5–20] < 0.01 
Use of renal replacement therapy 17 (8.7) 6 (5.1) 11 (14.1) 0.03 
Use of vasopressors 92 (47.2) 53 (45.3) 39 (50) 0.52 
Duration of vasopressor therapy, days 0 [0–2] 0 [0–2] 0.5 [0–4] 0.11 
Decisions to withhold and withdraw life-sustaining treatments 
Any decision 65 (33.3) 37 (31.6) 28 (35.9) 0.54 
Time to first decision, days 5 [2–8] 4 [2–7] 5 [3–9] 0.33 
Withholding 39 (20) 21 (17.9) 18 (23.1) 0.38 
Time to withholding decision, days 5 [2–8] 4 [2–7] 6 [2–18] 0.32 
Withdrawal 34 (17.4) 21 (17.9) 13 (16.7) 0.82 
Time to withdrawal decision, days 5.5 [4–9] 5 [3––9] 6 [4–9] 0.38 
First decision before pneumonia onset ( n = 78) 4 (5.1) – – . 
Outcomes 
ICU length of stay, days 7 [4–15] 5 [3–9] 12 [7–23] < 0.01 
Hospital length of stay, days 15 [6–36] 12 [4.5–28] 28 [10–62] < 0.01 
mRS at ICU discharge < 0.01 

≤3 22 (11.3) 17 (34.7) 5 (11.6) . 
≥4 70 (35.9) 32 (65.3) 38 (88.4) . 

30-day mortality ( N = 193) 108 (55.9) 72 (62.1) 36 (46.8) 0.03 
ICU mortality 103 (52.8) 68 (58.1) 35 (44.9) 0.07 
Cause of ICU death 0.11 

Brain death/cerebral herniation 44 (22.6) 34 (50) 10 (28.6) . 
Systemic causes 13 (6.7) 7 (10.3) 6 (17.1) . 
Following limitation or withdrawal of care 46 (23.6) 27 (39.7) 19 (54.3) . 

Hospital mortality 123 (63.1) 77 (65.8) 46 (59) 0.33 
1-year mortality ( N = 182) 128 (70.3) 79 (70.5) 49 (70) 0.94 

Abbreviations: ICU, Intensive Care Unit; mRS, modified Rankin Scale. 
Table 3 
Characteristics of post-stroke pneumonia. 

Variable All 
N (%) or median [Q1–Q3] N = 195 
At least one pneumonia during ICU stay 78 (40) 
Number of pneumonia cases per ICU stay 

1 66 (84.6) 
2 10 (12.8) 
3 or more 2 (2.6) 

Type of pneumonia, according to modality of acquisition ( n = 78) 
Community acquired 22 (28.2) 
Hospital-acquired 28 (35.9) 
Ventilator-acquired 28 (35.9) 

Type of pneumonia, according to timing a ( n = 78) 
At ICU admission 46 (59) 
Early-onset 20 (25.6) 
Late-onset 12 (15.4) 

Pneumonia severity 
Infection 16 (20.5) 
Sepsis 28 (35.9) 
Septic shock 34 (43.6) 

Abbreviations: ICU, Intensive Care Unit. 
a Early-onset pneumonia: pneumonia occurring between day 2 and 7 of ICU ad- 

mission. Late-onset pneumonia: pneumonia occurring from day 8 of ICU stay. 
Enterobacteriaceae than ICU admission pneumonia (11/53 (21%) vs 
7/24 (29%) vs 5/12 (42%), p = 0.24). The same pattern was found 
with non-fermenting gram-negative bacilli (2/53 (4%) vs 2/24 (8%) 
vs 5/12 (42%), p = 0.23) ( Fig. 1 ). Having had pneumonia at day 1 
or 2 was not associated in univariate analysis with an increased 
risk of pneumonia between day 3 and 30 (20% vs 19%, p = 0.92). 
In univariate analysis, intravenous thrombolysis was associated 
with an increased frequency of post-stroke pneumonia ( Table 1 , 
15% vs 4%, p = 0.02). Characteristics of patients who received 
intravenous thrombolysis are presented in the supplemental dig- 
ital content ( SDC 6 ) and show that patients with intravenous 

thrombolysis were younger and more frequently admitted from 
the hospitalization ward before ICU admission. ICU admission for 
respiratory failure was also associated with an increased frequency 
of post-stroke pneumonia ( Table 1 , 35% vs 11%, p < 0.01). Patients 
admitted for respiratory failure were more frequently admitted 
from hospitalization ward (75% vs 48%, p < 0.01), with a longer 
delay between hospital and ICU admission (2 [1– 8] days vs 1 [1–
3] days, p = 0.03) ( SDC 7 ). Patients admitted for respiratory failure 
had lower neurological failure (neurologic SOFA 2 [0.5–3] vs 3 [2–
4], p = 0.03), and higher respiratory (respiratory SOFA 3 [2–4] vs 2 
[0–3], p < 0.01) and cardiovascular (cardiovascular SOFA 3 [0–4] vs 
1 [0–3], p = 0.01) failures. Among the 78 patients with a pneumo- 
nia episode, only 4 (5%) had a prior decision to withhold/withdraw 
life-sustaining treatments. Occurrence of pneumonia was associ- 
ated with neither an increase in the risk of decisions to withhold 
or withdraw life-sustaining treatments (36% vs 32%, p = 0.54), nor 
the delay of such decision (5 [3–9] days vs 4 [2–7], p = 0.33). 
Prognostic impact of the occurrence of post-stroke pneumonia 

ICU, 30-day, hospital and 1-year mortality rates were respec- 
tively 53%, 56%, 63%, and 70%. Kaplan–Meier curves of 30-day 
and 1-year survival are presented as supplemental digital content 
( SDC 8 ). ICU length of stay of the total population was 7 [4–15] 
days, and 12 [6–23] days in ICU survivors only. Good neurologic 
outcome at ICU discharge, defined as a mRS score ≤3, was present 
in 22/195 (11%) patients. In ICU survivors, good neurologic outcome 
at ICU discharge was more frequent in patients without post-stroke 
pneumonia (17/49 (35%) vs 5/43 (12%), p < 0.01). Median follow- 
up for the vital status of ICU survivors was 747 [58–2112] days. At 
1-year, vital status was available for 182 (93%) patients. 

Univariate analysis of factors associated with 30-day mortality 
is presented in the Supplemental digital content ( SDC 9 ). Of note, 
neither age nor stroke characteristics were associated with 30-day 
mortality. We show that the period of inclusion was associated 
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Fig. 1. Microbiological documentation according to date of pneumonia onset. 
ICU admission pneumonia: pneumonia occurring within 1 day of ICU admission. Early-onset pneumonia: pneumonia occurring between day 2 and 7 of ICU admission. 
Late-onset pneumonia: pneumonia occurring from day 8 of ICU admission. 
with both 30-day and 1-year mortality. We explored this associa- 
tion (Supplemental digital content, SDC 10  ) and showed that com- 
pared to the first period (1997–2006), patients admitted during the 
second period (2007–2016) had higher admission SOFA scores (8 
[6–10] vs 6 [1–8], p < 0.1). There was no difference between the 2 
inclusion periods with regard to age (69.1 [61–77.3] vs 70.4 [61.6–
75.5], p = 0.71), GCS score (6.5 [3–10] vs 5 [3–10], p = 0.13) and 
pneumonia rate (40% vs 39%, p = 0.9). 

In the multivariable competing risk survival analysis, the 
occurrence of pneumonia was associated with an adjusted ICU 
discharge cause specific hazard ratio (CSHR) of 0.62 [0.39–0.99], 
corresponding to a 1.6-fold increase in the duration of ICU stay 
( Table 4 ). The occurrence of pneumonia was associated with an 
adjusted mortality CHSR of 0.96 [0.59–1.57] indicating the absence 
of effect of post-stroke pneumonia on ICU mortality ( Table 4 ). In 
ICU survivors, pneumonia during ICU stay was significantly associ- 
ated with a lower rate of good neurological functional outcome at 
ICU discharge (12% vs 35%, p < 0.01) ( Table 2 ). Long term impact 
of post-stroke pneumonia was assessed at 1 year. In a Cox propor- 
tional hazard model adjusted on decisions to withhold/withdraw 
life-sustaining treatments, GCS score at admission and period of 
inclusion, post-stroke pneumonia was significantly associated with 
1-year mortality (adjusted HR 1.49, 95%CI [1.01–2.20], p = 0.046) 
(Supplemental digital content, SDC 11 ). 
Discussion 

In this retrospective analysis of a prospective database of criti- 
cally ill ischemic stroke patients requiring invasive mechanical ven- 

tilation, we show that post-stroke pneumonia occurs in 40% of 
cases, and was associated with an increase in 1-year mortality. On 
the short term, post stroke-pneumonia was associated with an in- 
creased ICU length of stay but not 30-day mortality. Post-stroke 
pneumonia seemed to be associated with a reduced functional out- 
come at ICU discharge. 

We show that the prognosis of ischemic stroke patients requir- 
ing invasive mechanical ventilation is poor, with a hospital mor- 
tality of 63%. The 1-year mortality of 70% suggests that the vast 
majority of death occur during the initial hospital stay. We report 
a higher hospital mortality rate than the 47% from a recent United 
States population-based study 23 of mechanically ventilated stroke 
patients. Hospital mortality rates in previous studies focusing on 
post-stroke pneumonia and with high mechanical ventilation rates 
appear to be much lower, ranging from 14 to 35%. 6,8,24,25 This is ex- 
plained by the fact that these studies excluded patients that died 
in the first 48 h. Because our multivariable models were adjusted 
on decision to withhold/withdraw life-sustaining treatments and 
because the incidence of post-stroke pneumonia is maximum at 
ICU admission, we chose to keep in the analysis all patients ad- 
mitted to the ICU. 

Post-stroke pneumonia rates reported in the literature are 
highly variable, ranging from 9.5 to 75%. 4 This is due to the vari- 
ability of mechanical ventilation rate in the studied populations 
and to the non-standardized definition of post-stroke pneumonia. 
We report here a pneumonia rate of 40% in a population of me- 
chanically ventilated patients from 10 non-neurologic ICUs, using a 
standardized methodology for pneumonia diagnosis using prospec- 
tively collected data. We show that incidence of pneumonia is the 
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Facteurs de risque de pneumonie post-AVC

bulbar reflexes making aspiration more likely.18 Correspond-
ingly, dysphagia was verified as a predictor of poststroke
pneumonia in previous studies.25 Patients with dysphagia are
prone for aspiration, which, in turn, is a strong risk factor for
pneumonia. The association of atrial fibrillation with post-
stroke infections has been shown in only one study.26 Atrial
fibrillation is a proxy for cardioembolic stroke, which is
associated with cortical infarctions and higher stroke sever-
ity.27 Thus, residual confounding for stroke severity cannot be
excluded, although this finding was still present even after
adjustment for NIHSS.

Koennecke et al6 recently showed that up to one third of all
in-hospital deaths after Day 7 are independently attributed to
early medical or neurological complications with pneumonia
being the most important potentially modifiable complica-
tion. Current guidelines of stroke treatment recommend early

antibiotic treatment in case of suspected infection.28 How-
ever, evidence-based data on guiding prevention and early
management of poststroke infections are lacking. The A2DS2

score might serve as a useful tool to identify patients at high
risk of poststroke pneumonia. For example, an A2DS2 score
of !4 predicts with a sensitivity of 91% and a specificity of
57% the occurrence of poststroke pneumonia; an A2DS2

score of !5 yields a sensitivity of 83% and a specificity of
72% (online-only Data Supplement Table VI; online-only
Data Supplement Figure II). The cut point specific positive
and negative predictive values are shown in online-only Data
Supplement Table VI. These cutoff values might be useful for
the identification of high-risk patients in need of more intense
monitoring and/or the initiation of prophylactic antibiotic
treatment. However, before finding implementation in clini-
cal practice, the predictive properties of the A2DS2 score must
be assessed in prospective clinical studies. We are currently

Table 5. Evaluation of Discrimination and Calibration Abilities
of the A2DS2 Score

Derivation Cohort Validation Cohort

Discrimination

AUCROC (95% CI) 0.837 (0.826–0.849) 0.835 (0.828–0.842)

Calibration, goodness of fit

Cox and Snell R2 0.106 0.112

Nagelkerke R2 0.259 0.264

McFadden R2 0.213 0.215

AUCROC indicates area under the receiver operating curve.

Table 3. Predictors of Poststroke Pneumonia: Final Multivariable Analyses*

Derivation Validation

Characteristic OR 95% CI P Value OR 95% CI P Value

Age group, y

!75 1.0 1.0

75" 1.39 1.18–1.64 !0.0005 1.64 1.47–1.81 !0.0005

Sex

Female 1.0 1.0

Male 1.69 1.44–1.99 !0.0005 1.82 1.65–2.01 !0.0005

Atrial fibrillation

No atrial fibrillation 1.0 1.0

Atrial fibrillation 1.57 1.34–1.84 !0.0005 1.62 1.47–1.79 !0.0005

NIHSS categories !0.0005 !0.0005

0–4 1.0 1.0

5–15 4.91 3.80–6.34 !0.0005 3.12 2.68–3.63 !0.0005

16" 12.09 9.07–16.11 !0.0005 6.30 5.32–7.46 !0.0005

Dysphagia

Dysphagia absent 1.0 1.0

Dysphagia present 2.64 2.21–3.15 !0.0005 4.80 4.28–5.38 !0.0005

Diabetes mellitus

No diabetes mellitus 1.0 1.0

Diabetes mellitus 1.17 1.0–1.36 0.054 1.17 1.06–1.29 0.002

NIHSS indicates National Institutes of Health Stroke Scale.
*Variables were eliminated using backward elimination procedure.

Table 4. Basic Prognostic Score (Ordinal Scale 0–10 Points)

Clinical Variables on Admission Assigned Points

Age 75" "1

Atrial fibrillation "1

Dysphagia "2

Sex (male) "1

Stroke severity (NIHSS)

0–4 0

5–15 "3

16" "5

NIHSS indicates National Institutes of Health Stroke Scale.

Hoffmann et al The A2DS2 Score 2621
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Chez les patients avec de faibles taux de VM, les FDR les plus fréquemment rapportés sont :
• Age
• Dysphagie
• Sévérité de l’AVC (NIHSS)
• Atteinte sylvienne étendue, atteinte vertebrobasilaire

initial vomiting, especially if associated with impaired
vigilance.

The studied group of stroke patients had a mean
age by 2–5 years lower compared to the mean age at
first-ever stroke estimated in community-based
studies in Southern Germany and Switzerland [19,
20]. This may be due to two reasons: (i) very old
patients with ischemic stroke may have been more
often referred to other hospitals without a Stroke Unit
compared to younger stroke patients [20], even
though we do not operate an age limit for Stroke Unit

access; (ii) the higher prevalence of cardiovascular
risk factors, especially of hypertension, in the north-
eastern as compared to the south-western German
population may have caused a shift toward younger
age at onset of ischemic stroke in our study popula-
tion [19, 21].

The overall SAP incidence of 21.6% in our study
population and the spectrum of pathogens is in line
with previously reported findings in patients treated
on an NICU [1, 22]. Considering the various SAP risk
factors found in previous studies, the present study
aimed to determine those clinical risk factors that
independently predict SAP and that, in principle, are
available in all stroke patients on day of hospital
admission. The earlier reported risk factors dysphagia
[1, 3], higher NIHSS [6], and non-lacunar basal-gan-
glia infarction [23] were identified here as indepen-
dent SAP predictors. In concordance with previous
reports [1–3, 5, 6], we also identified age, large MCA
infarction, multiple hemispheric or vertebrobasilar
infarction, mechanical ventilation on admission, and
impaired vigilance as predictors of SAP, whereas
small vessel occlusion was associated with decreased
SAP risk. These risk factors, however, were not found
to be independent in this study. In contrast to pre-
vious reports [2, 6], we did not find an impact of male
gender or diabetes. Moreover, we did not find any
influence by lateralization of MCA infarction, which
agrees with results of a recent animal study [24].
Compared to a 97% sensitivity and 46% specificity in
SAP prediction in a similar stroke population [1], in

Table 2 Microbiological findings in 51 patients with stroke-associated pneumonia

Pathogen verification EOP-R n = 17 EOP-NR n = 13 EOP-O n = 10 LOP n = 11

Prior to start of antibiotic therapy
Number of tested patients 8 7 5 6
No pathogen found 71 5 53 3
Staphylococcus aureus 12 0 0 1
Listeria monocytogenes 0 0 0 12

Klebsiella pneumon.+Haemophilus infl. 0 0 0 1
Candida albicans 0 1 0 0
Aspergillus fumigatus 0 12 0 0

Under first antibiotic therapy
Number of tested patients 9 6 3 4
No pathogen found 84 4 1 2
Staphylococcus aureus 1 0 0 0
Aeromonas sobria 0 12 0 0
Escherichia coli 0 0 0 1
Klebsiella pneumoniae 0 0 0 1
Klebsiella oxytoca+Candida albicans 0 0 1 0
Candida albicans 0 1 0 0
Candida glabrata 0 0 1 0

EOP-R indicates early-onset pneumonia responsive to initial antibiotic therapy with ceftriaxone and metronidazole; EOP-NR, EOP non-responsive to initial antibiotic
therapy with ceftriaxone and metronidazole; EOP-O, EOP initially treated with other antibiotics; LOP, late-onset pneumonia.
1Two patients with ventilator-associated pneumonia.
2One patient with ventilator-associated pneumonia.
3Two patients with verification of germs unlikely to have caused pneumonia (coagulase-negative staphylococci).
4Four patients with verification of germs unlikely to have caused pneumonia (two with coagulase-negative staphylococci, two with enterococci).

0
2
4
6
8

10
12
14
16
18
20

Dysp
hagia***

 (#
)

NIHSS >/=
 10***

 (#
)

MCA > 66%***

Infecti
on***

 (#
)

MLS-V**

Im
p. V

igila
nce

***

NL-BG** 
(#) 

MLS-H
**

MV*

Age >/ =
 73y**

Malig
noma*

CES*

Risk Factors of Stroke-Associated Pneumonia

Re
la

tiv
e 

Ri
sk

Fig. 1 Factors with significantly increased relative risk for development of SAP.
Vertical lines refer to 95% CIs. NIHSS indicates National Institute of Health
Stroke Scale; MCA > 66%, infarction affecting more than 66% of territory of
the middle cerebal artery; MLS-V, multiple location stroke, vertebrobasilar; NL-
BG, non-lacunar basal-ganglia infarction; MLS-H, multiple location stroke,
hemispheric; MV, mechanical ventilation; CES, cardioembolic stroke. * p < 0.05;
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Facteurs de risque de pneumonie post-AVC

Patients de réanimation

• NIHSS et GCS ne sont pas associés à la survenue d’un sepsis

• Chez ces patients les plus graves : 

• Impact de la pathologie neurologique modéré

• Comorbidités ++ et FDR classiques de HAP et PAVM

• Très peu de données chez le patient de réanimation ventilé +++

Ventilation mécanique : 89%

1 3 5 7 9 11 13 15 17 19

Odds ratio

Immunosuppression
COPD

SAPS 2
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Echec des stratégies d’antibioprophylaxie
• Diminution des infections urinaires
• Pas d’impact sur les pneumonies
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compared with 122 (38%) of 317 patients in the control 
group, and 58 (6%) of 958 patients in the ceftriaxone 
group admitted with a NIHSS score of 9 or less 
developed an infection compared with 96 (10%) of 
953 patients in the control group (appendix p 8). The 
median number of days between randomisation and 
diagnosis of fi rst infection for patients included in the 
ceftriaxone and control groups was similar (clinical 
diagnosis 3 days [IQR 1–7] vs 3 days [IQR 2–6; p=0·80]; 
expert panel diagnosis 4 days [IQR 2–9] vs 3 days [IQR 
1–6; p=0·23]). The total antimicrobial use during 
hospital stay, as measured by defi ned daily doses, was 
higher in the ceftriaxone group than in the control 
group (4979 defi ned daily doses vs 2120 defi ned daily 
doses). In the ceftriaxone group, 4075 defi ned daily 
doses were study medication and 904 were “rescue” 
medication or antibiotics prescribed after the period of 
the study medication. The number of deaths and 
length of hospital stay did not diff er between the 
groups (table 2).

Post-hoc analyses showed that in the patients who 
received intravenous thrombolysis with alteplase 
unfavourable outcomes occurred in 144 (33%) of the 
437 patients who received ceftriaxone compared with 
160 (40%) of 399 in the control group (adjusted OR 0·77 
[95% CI 0·61–0·99], p=0·04). The p value for the 
interaction between intravenous thrombolysis with 
alteplase and preventive ceftriaxone on functional 
outcome was 0·03 (other data not shown). Baseline 
demo graphic and clinical characteristics of the 
437 thrombolysis-treated patients in the ceftriaxone group 
and the 399 thrombolysis-treated patients in the control 
group were similar (appendix p 5).

Preventive ceftriaxone treatment did not result in an 
increased occurrence of adverse events (table 3). 
Seven patients in the ceftriaxone group developed an 
allergic reaction to the drug during treatment: four patients 
developed skin rash; one patient had pruritus without 
skin rash; one patient developed a swollen tongue (with 
concomitant intravenous alteplase); and one patient 
developed sweating, dizziness, and vomiting. Ceftriaxone 
was discontinued in all seven patients. C diffi  cile infection 
occurred in two patients in the ceftriaxone group and 
none in the control group.

Discussion
Our study did not show improved functional outcome 
by preventive antimicrobial therapy in patients with 
acute stroke, nor did it shorten length of hospital stay or 
reduce in-hospital or follow-up mortality. One possible 
reason for these fi ndings could be the high-quality care 
provided at the stroke units participating in the trial. 
Prophylaxis with ceftriaxone prevented infections and 
had a favourable safety profi le, but was not associated 
with a shift in the distribution of scores on the mRS.

Ceftriaxone signifi cantly and safely prevented infections. 
Treatment with ceftriaxone reduced the proportion of 
patients with post-stroke infection from 18% to 10%. The 

Figure 2: Distribution of modifi ed Rankin Scale scores 3 months after randomisation
mRS=modifi ed Rankin Scale. Scores on the scale range from 0 to 6, with 0 indicating no symptoms and 6 indicating death. Numbers in the intervention group do not 
add up to the total number of patients in this group because of the use imputation techniques of outcome in 24 patients.
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279
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330
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138
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132
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39
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Modified Rankin scale

Adjusted common odds ratio 0·94 (95% CI 0·82–1·09), p=0·41

Ceftriaxone group 
(n=1268)

Control group 
(n=1270)

Odds ratio (95% CI) p value

Unfavourable outcome*

All patients 487/1268 (38%) 507/1270 (40%) 0·94 (0·80–1·11) 0·49

Ischaemic stroke 395/1058 (37%) 421/1067 (39%) 0·91 (0·77–1·09) 0·32

Transient ischaemic attack 5/44 (11%) 10/49 (20%) 0·51 (0·16–1·64) 0·26

Haemorrhagic stroke 82/143 (57%) 67/126 (54%) 1·13 (0·69–1·84) 0·63

Other 5/23 (22%) 8/28 (29%) 1·14 (0·35–3·73) 0·83

Mortality

At discharge 57/1257 (5%) 61/1257 (5%) 0·93 (0·65–1·35) 0·77

At 3 months 131/1257 (10%) 136/1257 (11%) 0·96 (0·74–1·24) 0·80

Diagnosis of infection during admission

All infections 130/1268 (10%) 218/1270 (17%) 0·55 (0·44–0·70) <0·0001

Pneumonia 71/1268 (6%) 88/1270 (7%) 0·80 (0·58–1·10) 0·19

Urinary tract infection 46/1268 (4%) 127/1270 (10%) 0·34 (0·24–0·48) <0·0001

Other infections 25/1268 (2%) 25/1270 (2%) 1·00 (0·57–1·75) 0·99

Diagnosis of infection based on expert panel

All infections 40/1268 (3%) 89/1270 (7%) 0·44 (0·30–0·65) <0·0001

Pneumonia 23/1268 (2%) 34/1270 (3%) 0·67 (0·39–1·15) 0·18

Urinary tract infection 16/1268 (1%) 60/1270 (5%) 0·26 (0·15–0·45) <0·0001

Other infections 5/1268 (0·4%) 4/1270 (0·3%) 1·25 (0·34–4·76) 0·75

Length of hospital stay, 
days†

6 (3–10) 6 (3–11) NA 0·35

Data are n/N (%) or median (IQR). NA=not applicable. *Unfavourable outcome was defi ned on the modifi ed Rankin 
Scale: a score of 0–2, indicating a favourable outcome, versus a score of 3–6, indicating an unfavourable outcome. 
Unfavourable outcome at 3 months was assessed in 1257 patients in the ceftriaxone group and in 1257 in the control 
group; 24 outcomes were imputed according to the protocol. †Length of hospital stay was assessed in 1267 patients 
in the ceftriaxone group and in 1268 patients in the control group.
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 Table 2: Outcomes
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• Population attributable fraction : 10%

• Nb pneumonie à éviter pour prévenir un 
décès : 11.4

Katzan, Neurology 2003
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  Associations between Stroke-Associated Infection and 
Outcome 
 Follow-up at 1 year was complete in 499 patients (96%). 

For the 22 patients (4%) with missing data at 1 year, the 
modified Rankin score at discharge was used and carried 
forward. At discharge, 305 patients (59%) in this study 
population had a poor outcome and 56 patients (11%) had 
died. At 1 year, 276 patients (53%) had a poor outcome 
and 131 patients (25%) had died ( fig. 1 ). Of the 78 patients 

with stroke-associated infection, 16 (21%) had died in 
hospital and 64 (82%) had a poor outcome at discharge. 
At 1 year, 37 patients with stroke-associated infection 
(47%) had died and 69 (88%) had a poor outcome. Of 
those without stroke-associated infection, only 203 pa-
tients (46%) had a poor outcome and 88 patients (20%) 
had died at 1 year. The risk of poor outcome (92%) and 
mortality (49%) at 1 year was even larger in patients with 
pneumonia.

  Body temperature at admission was recorded in 382 
patients and exceeded 38   °   C in 22 patients. Twelve pa-
tients with elevated body temperature had a stroke-asso-
ciated infection and 9 patients (75%) had a poor outcome. 
Of the 360 patients with normal body temperature at 
baseline, 46 had a stroke-associated infection. Eventually, 
75% of the patients with infection developed body tem-
peratures over 38   °   C. Forty-four patients (95%) had a poor 
outcome.

  The unadjusted OR for poor outcome in patients with 
stroke-associated infection at 1 year was 10 (95% CI 4.7–
21). Eighty-five patients (16%) had a severe stroke at ad-
mission; in these patients, stroke-associated infection oc-
curred more often (24 vs. 15%). The OR for poor outcome 
in patients with a severe stroke and a stroke-associated 
infection was 6.2 (95% CI 1.0– G ), and in patients with-
out a severe stroke and a stroke-associated infection, the 
OR was 10.4 (95% CI 4.7–23). However, the association 
between stroke-associated infection and poor outcome 
remained present in both groups. The combined OR was 
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  Fig. 1.  Modified Rankin Scale score at 1 
year in patients with pneumonia, patients 
with stroke-associated infection, in the 
overall study population and in patients 
without stroke-associated infection. 
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  Fig. 2.  Kaplan-Meier survival curves, indicating survival in 78 
patients with stroke-associated infection (black line) and 443 pa-
tients without infection (grey line), with follow-up of 1 year. 
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Table 4 
Multivariable competing risk analysis for ICU mortality and ICU discharge at day-30. a 

Variable ICU mortality ICU discharge 
CSHR 95% CI p CSHR 95% CI p 

Pneumonia 0.96 [0.59–1.57] 0.88 0.62 [0.39–0.99] 0.047 
Decision to withhold and withdraw life-sustaining treatments 4.43 [2.80–7.02] < 0.01 0.65 [0.28–1.53] 0.32 
Participating ICUs b 0.24 0.04 

ICU 1 Ref. . . Ref. . . 
ICU 2 1.50 [0.93–2.42] . 1.87 [1.12–3.11] . 
Other ICUs 1.24 [0.72–2.12] . 1.05 [0.57––1.93] . 

Study period 0.04 0.13 
1997–2006 Ref. . . Ref. . . 
2007–2016 1.79 [1.02–3.15] . 1.49 [0.89–2.51] . 

Chronic obstructive pulmonary disease 1.56 [0.85–2.89] 0.15 0.43 [0.13–1.39] 0.16 
GCS at admission 0.01 0.11 

8–15 Ref. . . Ref. . . 
3–7 1.90 [1.16–3.10] . 0.69 [0.43–1.09] . 

Renal SOFA score at admission 1.03 [0.86–1.23] 0.75 0.87 [0.71–1.06] 0.12 
Respiratory SOFA score at admission 1.02 [0.86–1.21] 0.78 0.99 [0.81–1.22] 0.96 
Hyperglycemia c within 24 h of ICU admission 0.98 [0.60–1.58] 0.92 0.27 [0.14–0.51] < 0.01 

Abbreviations: CSHR, Cause-Specific Hazard Ratio; CI, Confidence Interval; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure As- 
sessment. 
Models were adjusted with non-collinear and clinically pertinent factors associated ( p < 0.05) with the outcome of interest in univariate 
analysis and no selection procedure. 

a Multivariable competing risk analysis provides the cause-specific hazard ratio, which estimates the direct effect of an event on both 
ICU discharge and ICU mortality. 

b ICU 1 and 2 represent the 2 ICUs (out of 10) with the highest number of patients included, representing 77% of the cohort. 
c Hyperglycemia was defined as glycemia > 11 mmol/L. 

highest at ICU admission. The EOP rate of 26% we report is in 
accordance with published rates (20–60%) in traumatic brain in- 
jury and subarachnoid hemorrhage patients. 26,27 When consider- 
ing only VAP ( Table 3 ), we report a rate of 14% which is similar to 
VAP rate reported in general ICU populations. 28,29 Our univariate 
analysis shows that intravenous thrombolysis appears to be asso- 
ciated with an increased frequency of post-stroke pneumonia. This 
association has not been noted before, and is likely due to the fact 
that patients who undergo intravenous thrombolysis are a subset 
of less severe patients (intravenous thrombolysis is contraindicated 
for older and comatose patients) at hospital admission, and are 
more frequently admitted to the ICU for respiratory failure. 

Contrarily to the majority of studies performed in stroke units 
and acute hospital wards where post-stroke pneumonia was an 
independent risk factor for hospital mortality, 4 MICU/NICU stud- 
ies 6,8,9,24,30,31 have not shown such an association except for one 
with only 13% of mechanically ventilated patients and an inade- 
quate methodology (univariate analysis only). 9 In accordance with 
previously published ICU studies, we show that post-stroke pneu- 
monia has no impact on short-term mortality, but increases ICU 
length of stay. One of the reasons could be the higher frequency of 
post-stroke pneumonia in patients admitted for respiratory failure 
compared to patients admitted for coma. Indeed, we hypothesize 
that the negative impact of post-stroke pneumonia could be bal- 
anced by the better prognosis of patients admitted for respiratory 
failure compared to patients admitted for coma. 32 It has also been 
shown previously in general ICU populations that EOP were not as- 
sociated with ICU or hospital mortality, but increased ICU length of 
stay. 18,33,34 

As for long-term impact, the majority of MICU/NICU studies 
have used only in-hospital mortality, 8,24,30,31 which is not the pre- 
ferred endpoint. We chose to use 1-year mortality as the endpoint, 
and show that post-stroke pneumonia is associated with an in- 
crease in mortality. This is, to the best of our knowledge, the first 
report of an impact of ICU post-stroke pneumonia on long term 
mortality of stroke patients. 4 It is interesting to note the discrep- 
ancy between the fact that a majority of deaths occur before day- 
30 and the difference in the effect of pneumonia on short-term 
and long-term mortality. We believe that these early deaths are di- 

rectly related to the acute neurologic injury of the ischemic stroke, 
while post-stroke pneumonia impacts survival of patients that have 
survived these initial critical days. This hypothesis is comforted by 
the fact that ICU survivors exposed to a pneumonia had a worse 
mRS score at ICU discharge. 

The strengths of our study include a large multicenter pop- 
ulation from a high-quality database, a focus on a well-defined 
population of ischemic stroke patients requiring invasive mechani- 
cal ventilation, adjustment for decisions to withhold/withdraw life- 
sustaining treatments, and use of an adequate statistical method- 
ology. Our study has also limitations. First, the OUTCOMEREA 
database has not been built specifically for stroke studies, and 
all data regarding stroke characteristics has been retrospectively 
recorded from hospitalization records. Therefore, data on poten- 
tially useful scores for prognostication in this setting, such as the 
NIHSS scores, are lacking. 35 Furthermore, only long-term vital sta- 
tus was available, and evaluation of long-term functional outcome 
with an appropriate tool (i.e. the modified Rankin scale) would 
have been more relevant. Second, the inclusion period of 20 years 
is very wide, and management of stroke patients has greatly im- 
proved over the past decades (e.g., development of stroke units, 
thrombolysis, mechanical thrombectomy…). However, 77% of our 
cohort has been included between 2007 and 2016, and analyses 
have been adjusted on the inclusion period when necessary. Third, 
diagnostic adequacy of pneumonia in ICU is difficult, and despite 
the use of prospective standard screening criteria for the diagno- 
sis of pneumonia, we cannot exclude that some pneumonia cases 
were misdiagnosed. In the same line, discrimination between as- 
piration pneumonia and chemical pneumonitis is complex and it 
cannot be excluded that pneumonitis cases were wrongfully clas- 
sified as pneumonia. Fourth, we were not able to adjust our results 
for left informative censoring (that is, critically ill acute stroke pa- 
tients not referred to the ICU for reasons such as decisions to with- 
hold/withdraw life-sustaining treatments). 
Conclusions 

In this retrospective analysis of a prospective database of crit- 
ically ill ischemic stroke patients requiring invasive mechanical 
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Short term mortality : no effect

ICU LOS x 1.6
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Variable HR 95% CI p 

Pneumonia 1.49 [1.01 – 2.20] 0.046 

DFLST 4.74 [3.11 – 7.23] <.01 

GCS score at admission   <.01 

    8-15 Ref . . 

    3-7 1.91 [1.28 – 2.85] . 

Study period   0.03 

    1997-2006 Ref . . 

    2007-2016 1.57 [1.04 – 2.39] . 

 
 

Microbial identification 
N=89 

n (%) 

Gram-positive cocci  

Staphylococcus aureus 14 (15.7) 

Streptococcus pneumoniae 5 (5.6) 

Streptococcus spp. other than pneumoniae 4 (4.5) 

Enterococcus spp. 2 (2.2) 

Gram-negative bacteria  

Haemophilus influenzae 9 (10.1) 

Pseudomonas aeruginosa 7 (7.9) 

Klebsiella spp. 5 (5.6) 

Enterobacter spp. 4 (4.5) 

Escherichia coli 4 (4.5) 

Proteus spp. 4 (4.5) 

Citrobacter spp. 2 (2.2) 

Morganella spp. 2 (2.2) 

Serratia spp. 2 (2.2) 

Acinetobacter baumanii 1 (1.1) 

Stenotrophomonas maltophilia 1 (1.1) 

Other gram-negative bacilli 1 (1.1) 

Undocumented pneumonia 22 (24.7) 

 

Facteurs associés à la mortalité à 1 an

Long term mortality : 

49% increase
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Les pneumonies post-AVC semblent avoir un impact sur le pronostic 
fonctionnel des survivants

Hilker, Stroke 2003
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Conclusions

Les infections sont une complication fréquente en post-AVC
• Fréquence de 30%, jusqu’à 80% dans les populations de réanimation
• Poumon et urine sont les principaux sites infectés
• Seules les infections pulmonaires impactent la morbi-mortalité

Pneumonies en réanimation
• 40% vs 12% en population générale d’AVC
• Surviennent en majorité à l’admission
• 2ème cause d’admission en réanimation après le coma (AVC ischémiques)
• Fréquence PAVM (14%) similaire à celle des populations non cérébro-lésées



Conclusions

En réanimation, les pneumonies post-AVC
• Allongement de la durée de séjour
• Augmentent la mortalité à 1 an
• Absence d’effet sur la mortalité à court terme  : décalage des décès dans le 

temps?
• Impactent (probablement) le pronostic fonctionnel à long terme

• FDR
• Avant intubation : lié à l’AVC
• Apres intubation : FDR standards de PAVM



Perspectives

Hétérogénéité des données publiées, surtout en réanimation
• Qualité méthodologique
• Population étudiée, le patient de réanimation n’est pas univoque!
• Critères diagnostiques de l’infection non standardisés

Stroke Prognosis in Intensive CarE (SPICE) trial (NCT03335995)
• PI: Romain Sonneville / Mikaël Mazighi
• Etude de cohorte prospective multicentrique
• Patients VM+ dans les 7 jours de l’AVC (isch + hem + HSA)
• CJP : bon pronostic neurologique (mRS 0-3) à 1 an

Inclusions terminées

N=371

Derniers suivis à 1 an en cours


