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ARTICLE INFO SUMMARY
Article history: Objectives: To describe the epidemiology and prognostic impact of pneumonia in acute ischemic stroke
Accepted 20 June 2019 patients requiring invasive mechanical ventilation.

Available online 22 June 2019 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

gﬁﬁﬂg;}a investigated using Cox regression for 1-year mortality, and competing risk survival models for ICU mor-
Stroke tality censored at 30-days.
Critical care Results: We included 195 patients. Stroke was supratentorial in 62% and 64% of patients had a Glasgow
Mechanical ventilation coma scale score <8 on admission. Mortality at day-30 and 1 year were 56%, and 70%, respectively. Post-
MQW‘HFY stroke pneumonia was identified in 78 (40%) patients, of which 46/78 (59%) episodes were present at ICU
Epidemiology 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 The mechanisms leading to post-stroke infections are complex

and include a combination of brain injury-induced immunosup-

Infection is a frequent medical complication after stroke! with pression, neurological impairment that fosters lung aspiration,
an observed pooled frequency from a recent meta-analysis of 21%, immobilization, and use of urinary catheters.>* Post-stroke in-
most frequently involving the lungs (12%) and urinary tract (8%).2 fections, in general, are associated with lower survival and less
favorable neurologic outcomes.” When analyzing by infection type,
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Studies focusing on critically ill stroke patients report the high-
est infection rates,* ranging from 9 to 57%. Single-center studies
suggest that occurrence of post-stroke pneumonia in the inten-
sive care unit (ICU) is associated with an increase of ICU length of
stay5-® and hospital mortality,>° and poorer functional outcomes
in survivors.” However, studies conducted on post-stroke infection
in critically ill patients have many biases, including retrospective
design, non-standardized definition of pneumonia, small number
of patients, pooled analysis of ischemic/hemorrhagic strokes, and
variable rates of invasive mechanical ventilation (ranging from 2
to 100%), indicating variable severity of studied populations. More-
over, most of these studies only focused on short-term outcomes,
namely hospital mortality. Finally, decisions of withholding and
withdrawal of life-sustaining treatments during ICU stay that may
impact survival analyses were never reported or considered in
most of studies, despite being a major confounder.!® Finally, there
are very few data regarding the impact of ICU post-stroke pneu-
monia on long term survival and functional outcomes.

Therefore, we aimed to describe the epidemiology and impact
on short and long-term prognosis of post-stroke pneumonia in
critically ill ischemic stroke patients requiring invasive mechanical
ventilation and taking withholding/withdrawal of life-sustaining
treatments into account. Some of the results of this study have
been previously reported in the form of an abstract (French Inten-
sive Care Society annual congress, Paris, January 2019).

Materials and methods
Patient data source

This study was conducted using data from the French prospec-
tive multicenter (n=30 ICUs) OUTCOMEREA database, from pa-
tients included between 1997 and 2016. The OUTCOMEREA
database has been described in previous publications, and has
been approved by the French Advisory Committee for Data Pro-
cessing in Health Research (CCTIRS) and the French Informatics
and Liberty Commission (CNIL, registration no. 8999262).'"12 The
database protocol was submitted to the Institutional Review Board
of the Clermont-Ferrand University hospital (Clermont-Ferrand,
France), who waived the need for informed consent (IRB no. 5891).

Study population and definitions

We included adult patients with acute ischemic stroke, admit-
ted to the Intensive Care Unit (ICU) and requiring invasive mechan-
ical ventilation. All ICU stays in the database were screened for
a diagnosis of stroke, using the International Classification of Dis-
eases 10th Revision (ICD-10) codes 163 (“Cerebral infarction”) and
164 (“Stroke, not specified as hemorrhage or infarction”). ICU stays
were considered as related to acute stroke in cases of (1) direct ICU
admission following stroke onset, or (2) ICU admission during the
initial acute care hospital stay following stroke onset. We excluded
patients without hospitalization reports, and if stroke was related
to traumatic brain injury.

Severity of illness was graded at ICU admission with use of the
Simplified Acute Physiology Score (SAPS II)."* Organ failure was
assessed with each component of the sepsis-related organ failure
assessment (SOFA) score, and a modified SOFA score was calcu-
lated, excluding the neurological component.!*!> Neurologic status
was assessed using the modified Rankin Scale (mRS).'® Pneumonia
was defined as new or persistent pulmonary infiltrates on chest
X-ray combined with purulent tracheal secretions and/or fever or
hypothermia (body temperature greater >38.5 or <36.5 °C, respec-
tively) and/or leukocytosis or leukopenia (white blood cells count
>10 x 10.9 or <4x10.9/L, respectively). Community-acquired
pneumonia (CAP) was defined as pneumonia occurring after stroke

onset and before or within 48 h of hospital admission. Hospital-
acquired pneumonia (HAP) was defined as pneumonia occurring
after 48 h of hospital length of stay in patients without mechan-
ical ventilation or with a duration of mechanical ventilation less
than 48 h. Ventilator-acquired pneumonia was defined as pneu-
monia occurring after 48 h of mechanical ventilation.'” ICU ad-
mission pneumonia was defined as pneumonia occurring within 1
day of ICU admission (irrespective of the type of admission (di-
rect admission from home/Emergency department or indirect from
a hospitalization ward). Early-onset pneumonia (EOP) was defined
as pneumonia occurring between day 2 and 7 of ICU admission,
and late-onset pneumonia (LOP) as pneumonia occurring from day
8 of ICU admission.'® Sepsis was defined as infection associated
with organ dysfunction (SOFA score > 2).!9 Septic shock was de-
fined as sepsis with persisting hypotension requiring vasopressors
to maintain MAP > 65 mmHg and a serum lactate level > 2 mmol/L
despite adequate volume resuscitation.

Data collection

Data were prospectively collected at admission (demograph-
ics, chronic diseases, admission features, baseline severity indexes,
admission diagnosis, and admission type), and on a daily basis
throughout the ICU stay (clinical and biological parameters, as-
sessment of organ functions, requirement for MV, fluid challenges,
ICU-acquired infections, length of stay (LOS), decision to withhold
or withdraw life-sustaining therapies, and vital status at ICU and
hospital discharge), through an anonymized electronic case report
form using the Vigirea, Rhea and e-Rhea softwares (OutcomeRea,
Aulnay-sous-Bois, France). Long term survival after hospital dis-
charge was collected by each local investigator. For each stay, we
retrospectively collected the following data in the medical charts:
(1) stroke history, including date of stroke, localization, specific
treatment (i.e. thrombolysis, hemicraniectomy, etc.), (2) chronic
diseases potentially related to stroke, including arterial hyperten-
sion, atrial fibrillation, history of ischemic or hemorrhagic stroke,
(3) modified Rankin scale (mRS) at ICU discharge.

Statistical analysis

Quantitative variables are presented as median, 1st and 3rd
quartiles, and compared between groups with the Wilcoxon test.
Qualitative variables are presented as frequency and corresponding
percentage and compared with the Chi-square test or Fisher exact
test as appropriate. Association between the occurrence of post-
stroke pneumonia and 30-day ICU mortality and length of stay
was assessed using a cause specific hazard model. It provided a
cause-specific hazard ratio (CSHR) which estimates the direct ef-
fect of the time-dependent exposure of interest (i.e., post-stroke
pneumonia) on various outcomes (i.e., ICU mortality and ICU dis-
charge).2>?! We considered that determinants of 1-year survival
were not affected by competing risks, and used a multivariable
Cox regression model. Competing risk models were adjusted with
non-collinear and clinically pertinent factors associated (p < 0.05)
with the outcome of interest in univariate analysis and no selec-
tion procedure. Cox model for 1-year mortality was adjusted for
potentially confounding factors (non-collinear and clinically perti-
nent factors associated (p < 0.1) with the outcome of interest in
univariate analysis) with a backward selection procedure. The oc-
currence of pneumonia and decisions to withhold/withdraw life-
sustaining treatments were handled as time-dependent variables.
Only the first episode of pneumonia was considered for analy-
sis, and subsequent episodes were disregarded. For missing data,
simple imputation with median/most frequent method was used
when missing was completely at random with less than 10% miss-
ing value per variable.?? All statistical analyses were carried out
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Table 1

Baseline characteristics.
Variable All No pneumonia Pneumonia p
N (%) or median [Q1-Q3] N=195 N=117 N=78
Age, years 69.4 [61.2-76.5]  71.1 [62.1-78.3] 68 [60.9-75.3]  0.08
Male sex 132 (67.7) 71 (60.7) 61 (78.2) 0.01
History
Atrial fibrillation/flutter 29 (14.9) 17 (14.5) 12 (15.4) 0.87
Previous ischemic stroke 47 (24.1) 28 (23.9) 19 (24.4) 0.95
Hypercholesterolemia 46 (23.6) 28 (23.9) 18 (23.1) 0.89
Hypertension 123 (63.1) 81 (69.2) 42 (53.8) 0.03
Coronary artery disease 32 (16.4) 19 (16.2) 13 (16.7) 0.94
Peripheral vascular disease 25 (12.8) 19 (16.2) 6 (7.7) 0.08
Obstructive pulmonary disease 16 (8.2) 10 (8.5) 6 (7.7) 0.83
Diabetes mellitus 48 (24.6) 30 (25.6) 18 (23.1) 0.68
BMI > 30kg/m? 33 (16.9) 21 (17.9) 12 (15.4) 0.64
Pre-admission mRS score < 2 175 (89.7) 106 (90.6) 69 (88.5) 0.63
Stroke characteristics
Supratentorial stroke 121 (62.4) 74 (63.2) 47 (61) 0.76
Specialized neurologic referral 190 (97.4) 113 (96.6) 77 (98.7) 0.65
Specific treatment 0.02

Intravenous thrombolysis 17 (8.7) 5 (4.3) 12 (15.4)

In situ thrombolysis 10 (5.1) 6 (5.1) 4 (5.1)

Thrombus aspiration 8 (4.1) 7 (6) 1(1.3) .
Hemorrhagic transformation 18 (9.3) 14 (12.1) 4 (5.2) 0.11
Time from stroke to ICU admission, days 2 [1-4] 2 [1-3] 2 [1-8] <0.01
Time from hospital to ICU admission, days 1[1-4] 1[1-3] 1[1-7] 0.08
ICU admission
Type of ICU admission 0.77

Direct (from ED or home) 90 (46.2) 55 (47) 35 (44.9)

Transfer from ward 105 (53.8) 62 (53) 43 (55.1) .
Main symptom at admission <0.01

Coma 110 (56.4) 74 (63.2) 36 (46.2)

Respiratory failure 40 (20.5) 13 (11.1) 27 (34.6)

Seizure 19 (9.7) 14 (12) 5(6.4)

Other 26 (13.3) 16 (13.7) 10 (12.8) .
Glasgow Coma Scale score 6 [3--10] 5[3-9] 6.5 [3-11] 0.03
SAPS 2 56 [45-66] 57 [46-67] 54.5 [44--63] 0.33
SOFA score 715-9] 7 [5-9] 7 [5-10] 0.60

Abbreviations: BMI, Body Mass Index; mRS, modified Rankin Scale; ICU, Intensive Care Unit; ED, Emergency Depart-
ment; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment.

with SAS 9.4 (SAS Institute Inc., Cary, NC, USA). A p-value of 0.05
and lower was considered statistically significant.

Results
Patients

Among 22106 ICU admissions from 30 ICUs over the study pe-
riod, we identified 229 stays involving acute ischemic stroke. We
excluded 34 patients without invasive ventilation at admission and
included 195 patients from 10 ICUs in the analysis (Supplemen-
tal digital content, SDC 1). Two ICUs represented 150/195 (77%)
of included patients (SDC 2). Patients admitted during the second
half of the study period (2007-2016) accounted for 71% of the co-
hort. Baseline characteristics of patients are presented in Table 1.
Patients were predominantly males (68%), aged 69.4 [61.2-76.5]
years. Ischemic stroke was supratentorial in 121 (62%) cases, and
the median time from stroke onset to ICU admission was 2 [1-4]
days. Patients received specialized referral for acute stroke ther-
apy (i.e. thrombolysis or endovascular treatment) or neurosurgery
in 190 (97%) cases, and acute stroke therapy was carried out in
35 (18%) cases. Patients were admitted mainly for coma (56%) and
respiratory failure (20%), with a SAPS2 of 56 [45-66] and a SOFA
score of 7 [5-9]. Glasgow Coma Scale score at admission was 6 [3-
10]. During ICU stay, 92 (47%) patients required vasopressor sup-
port, and 17 (9%) renal replacement therapy (Table 2). Duration
of invasive mechanical ventilation was 5 [3-12] days. A decision

to withhold/withdraw life-sustaining treatments was made in 65
(33%) cases, with a delay of 5 [2-8] days.

Epidemiology of post-stroke pneumonia

During ICU stay, 78 (40%) patients presented at least one pneu-
monia episode, among which 12 presented 2 or more episodes
(Table 3). Among those 78 episodes, pneumonia was diagnosed
at ICU admission in 46/78 (59%) cases. Of the 32/78 pneumonias
acquired during ICU stay, 11/32 (34%) were early-onset and 21/32
(66%) were late-onset. The supplemental digital content 3 (SDC 3)
shows the distribution of pneumonia (ICU admission pneumo-
nia/EOP/LOP) according to the type of ICU admission (direct or
from hospitalization ward). Cases of post-stroke pneumonia were
classified as CAP, HAP and VAP in 22 (28%), 28 (36%) and 28
(36%) cases, respectively. Pneumonia was associated with sepsis or
septic shock in 62 (79%) cases. Diagnostic incidence of pneumonia
during ICU stay was highest at ICU admission, as shown by the
cumulative incidence curve presented in the Supplemental digital
content (SDC 4). Among pneumonia episodes (n=78), 56 had a
microbiological identification, and 67 pathogens were identified,
25 (37%) being gram-positive cocci and 42 (63%) gram-negative
bacilli (Supplemental digital content, SDC 5). When analyzing
bacterial identification according to the date of pneumonia onset,
we show that cases of pneumonia diagnosed at ICU admission
appeared to be more frequently undocumented than EOP and
LOP (20/53 (38%) vs 2/24 (8%) vs 0/12 (0%), p=0.14). Conversely,
EOP and even more LOP appeared to be more frequently due to
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Table 2
ICU management and outcomes.
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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 * (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.
3 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
7124 (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.
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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?® 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%.58.2425 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%.* 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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Table 4

Multivariable competing risk analysis for ICU mortality and ICU discharge at day-30.?

Variable ICU mortality ICU discharge

CSHR  95% Cl p CSHR  95% Cl 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 ° 0.24 0.04

ICU 1 Ref. Ref.

ICU 2 1.50  [0.93-2.42] 1.87  [1.12-3.11]

Other ICUs 124  [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. .

3-7 190  [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® 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.

2 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 [CU 1 and 2 represent the 2 ICUs (out of 10) with the highest number of patients included, representing 77% of the cohort.

¢ 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.2627 When consider-
ing only VAP (Table 3), we report a rate of 14% which is similar to
VAP rate reported in general ICU populations.?®%° 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, MICU/NICU stud-
ies6:8.92430.31 hayve not shown such an association except for one
with only 13% of mechanically ventilated patients and an inade-
quate methodology (univariate analysis only).® 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.>? 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,324393! 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.* 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.>> 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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ventilation, we show that post-stroke pneumonia occurs in 40%
of cases, and is associated with an increase in 1-year mortal-
ity. Post-stroke pneumonia was not associated with 30-day ICU
mortality, but increased ICU length of stay. These results suggest
that early deaths are directly related to the acute neurologic in-
jury while the detrimental effect of post-stroke pneumonia im-
pacts survival of patients that have survived these initial critical
days. Further studies are needed to properly assess the effect of
post-stroke pneumonia on long-term functional outcome in ICU
Survivors.
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