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Summary

Background Nosocomial pneumonia (NP) and ventilator
associated pneumonia (VAP) have been associated with
financially significant economic burden and increased
case fatality rate in adult intensive care units (ICUs). This
study was designed to evaluate case fatality rate among
patients with NP and VAP in a respiratory ICU.

Methods In 2008-2013, VAP and NP in the ICUs were
included in this retrospective single-centre cohort study.
Data on demographics, co-morbidities, severity of ill-
ness, mechanical ventilation, empirical treatment, length
of hospital stay and laboratory findings were recorded in
each group, as were case fatality rate during ICU admis-
sion and after discharge including short-term (28-day)
and long-term (a year) case fatality rate.

Results A total of 108 patients with VAP (n=64,
median (IQR) age: 70 (61-75) years, 67.2% were men)
or NP (n=44, median (IQR) age: 68 (62-74) years, 68.2%
were men) were found. Appropriate empirical antibiotic
therapy was identified only in 45.2 and 42.9 % of patients
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with VAP and NP, respectively. Overall case fatality rate
in VAP and NP (81.3 vs 84.1), ICU case fatality rate (42.2
vs 45.5%), short-term case fatality rate (15.6 vs 27.3%)
and long-term case fatality rate (23.4 vs 11.4%) were
similar between VAP and NP groups along with occur-
rence 50 % of case fatality rate cases in the first 2 months
and 90 % within the first year of discharge. Multivariate
analysis showed that chronic obstructive pulmonary dis-
ease (COPD) (HR: 3.15, 95% CI: 1.06-9.38; p=0.039) and
presence of septic shock (HR: 3.83, 95% CI: 1.26-11.60;
p=0.018) were independently associated with lower
survival.

Conclusion In conclusion, our findings in a retro-
spective cohort of respiratory ICU patients with VAP or
NP revealed high ICU, short- and long-term case fatality
rates within 1 year of diagnosis, regardless of the diagno-
sis of NP after 48 h of initial admission or after induction
of ventilator support. COPD and presence of septic shock
are associated with high fatality rate and our findings
speculate that as increasing compliance with infection
control programs and close monitoring especially in 2
months of discharge might reduce high-case fatality rate
in patients with VAP and NP.

Introduction

Nosocomial pneumonia (NP), defined as the pneumo-
nia that occurs more than 48 h after a patient’s admis-
sion to hospital [1], is the second most common infection
acquired among hospitalized patients [2-4] and the pri-
mary cause of death in intensive care units (ICUs) [3, 4].
Ventilator-associated pneumonia (VAP) is a subset of NP
occurring 48 h or more after endotracheal intubation
[1, 5], while NPs including ventilator-associated sub-
type have been considered to be a major public health
problem associated with financially significant economic
burden, increased length of hospital stays along with
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increased case fatality rate that ranges from 33 to 72%
[5-10].

Besides adverse impact on patients’ safety and quality
of healthcare systems [10], NPs have also been associated
with potential risk of fatality due to emergence of resis-
tant pathogens and scarcity of available novel antimicro-
bial agents [11]. Accordingly, NP has become a priority in
patient safety policies at the national and international
levels and determination of the VAP-associated epide-
miology in each medical institution has been considered
important for developing effective prophylactic and ther-
apeutic strategies for prevention and control of NP and
VAP [12-18].

In studies, attributable case fatality rates have
included only patients with ventilator-associated pneu-
monia. So, these data may not be directly comparable
with studies evaluating the attributable case fatality rate
of NP overall because these differences may be explained
by differences in diagnostic criteria for pneumonia and
study design using different matching criteria [19]. Our
single-centre retrospective study was designed to evalu-
ate long- and short-term case fatality rate among patients
with NP and VAP in a respiratory ICU.

Methodology

This study was done in a tertiary teaching hospital for
Chest and Thoracic Surgery Hospital of 22 beds Level
III medical non-surgical, nonobstetrical adult inten-
sive care unit between January 2008 and July 2013. This
study was designed a single-centre cohort study and was
approved by the local ethical committee of the govern-
ment teaching hospital (Sureyyapasa Chest Diseases and
Thoracic Surgery Teaching Hospital-Istanbul-Turkey,
05/02/2014-2015) and it was conducted in accordance
with the ethical principles stated in the Declaration
of Helsinki. Inform consent was not obtained from all
patients due to retrospective study design.

Study population

Patients who were diagnosed as the definition of NP or
VAP as below were included in to the study. Patients
group were named as NP and VAP.

Study parameters

Data on patient demographics, co-morbidities, The
Acute Physiologic Score and Chronic Health Evalua-
tion (APACHE II) scores at ICU admission, application
of non-invasive and invasive mechanical ventilation,
diagnosis day of NP/VAP, culture findings, appropriate-
ness of empirical treatment (appropriate, not appropri-

ate, partially appropriate), length of ICU and hospital
stay and laboratory findings (leucocyte count, platelet
count, C-reactive protein (CRP) and albumin levels) were
recorded in each group, as case fatality rate during ICU
admission and after discharge including short-term (28-
day) and long-term (a year) periods.

VAP and NP definitions

VAP was defined as a new chest infiltration after 2 days
of invasive mechanical ventilation (patients ventilated
mechanically via endotracheal tube by ICU ventilators)
accompanied with leucocytosis (white blood cell count
(WBC)>10x10%1) or leucopenia (WBC<4x10°%1) and
fever (>38 or <36 °C). Patients with new chest infiltration
after 2 days of hospital admission who did not meet VAP
criteria were classified into the NP group [1, 5, 20].

Microbiological assessments

Endotracheal aspirate or sputum cultures with two sets of
blood cultures were performed for each of patient for iso-
lation of the causative microorganisms after the 2 days of
admission of ICU either intubated or not. In hypoxemic
patients, closed suctioning system attached between
the ETT and ventilatory tubing, allowing introduction
of the suctioning catheter into the airways without dis-
connecting the patient from the ventilator was used for
aspiration procedure [21]. The thresholds for quantita-
tive cultures were 10* colony-forming units/mL for endo-
tracheal aspirate and 10* colony-forming units/mL for
bronchoalveolar lavage and non-bronchoscopic lavage.
All microorganisms isolated were identified by standard
laboratory methods.

Statistical analysis

All statistical analyses were performed using SPSS 20.0
portable. A descriptive analysis was used to investigate
patient demographics and ICU data. Groups were com-
pared with Mann-Whitney U-tests for non-parametric
continuous variables or Student’s #-tests for paramet-
ric continuous variables. Chi-square tests and Fisher’s
exact tests (if 7 < 5) were employed for dichotomous vari-
ables. The median with interquartile range (IQR) was
employed for non-parametric continuous variables, and
mean *standard deviation (SD) was used for parametric
continuous variables. Count and percentage were used
when applicable. Kaplan-Meier test was performed to
assess the time to event. Multivariate regression analy-
sis was used to access independent prognostic factors
which are associated with case fatality, p-value <0.05 was
accepted as statistically significant.
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Table 1 Patient demographics and co-morbidities in study
groups
Ventilator-asso- ~ Nosocomial p-value
ciated pneumo-  pneumonia

nia (n=64) (n=44)

Gender, n (%)

Female 21 (32.8) 14 (31.8) 0.91
Male 43 (67.2) 30 (68.2)
Age, median (IQR) 70 (61-75) 68 (62-74) 0.70
Comorbidities, n (%) 58 (96.6) 39 (88.6) 0.74
Hypertension 19 (29.7) 16 (36.4) 0.47
Diabetes mellitus 13 (20.3) 7(15.9) 0.56
Cerebrovascular disease 2(3.1) 1(2.3) 0.80
Chronic renal failure 2(3.1) 0(0.0 0.24
Congestive heart failure 21(32.9) 11 (25.0) 0.38
Arrhythmia 6 (9.4) 24.7) 0.36
COPD 38 (59.4) 28 (63.6) 0.66
Asthma 1(1.6) 0(0.0) 0.40
Muscle disease 6(9.4) 2(4.5) 0.35
Malignancy 8 (12.5) 8(18.7) 0.41
Parenchymal disease 4(6.2) 2 (4.5) 0.70

COPD chronic obstructive pulmonary disease

Table 2 Intensive care unit data in study groups

Ventilator-associ- Nosocomial p-value
ated pneumonia  pneumonia
(n=64) (n=44)

APACHE Il score, mean (SD)  24.0 (7.0)

Non-invasive mechanical ventilation
Rate, n (%) 42 (66.7) 27 (66.8) 0.68

21.0 (7.0) 0.07

Duration (days, median 5(2-9) 12 (8-18) 0.001
(IQR))

Invasive mechanical ventilation

Rate, n (%) 64 (100.0) 29 (65.9) 0.001
Duration (days, median 15 (8-24) 7 (5-16) 0.19
(IGR)

CRP (mg/L) at admission, 116 (66.7-181)  86.4 0.77
median (IQR) (49.6-162)

Body temperature (°C), 37.6 (0.8) 37.3(0.8) 0.036
mean(SD)

Leucocyte count (uL), mean 11,929 (5215) 13,877 (8476) 0.15
(SD)

Platelet count (x 106/L), 235,000 285,000 0.034
mean (SD) (107,000) (132,000)

Albumin (g/dL), mean (SD) 2.1 (0.5) 2.3(0.7) 0.09

CRP C-reactive protein, /QR interquartile range
Results
A total of 108 patients with VAP (n=64, median (IQR) age:

70 (61-75) years, 67.2% were men) and NP (n=44, median
(IQR) age: 68 (62-74) years, 68.2 % were men) were found.

Patient demographics and comorbidities in study
groups

AsshowninTable 1, VAP and NP groupswere homogenous
in terms of patient demographics and co-morbidities.

ICU data in study groups

VAP and NP groups were similar in terms of mean (SD)
APACHE II scores (24.0 (7.0) vs 21.0 (7.0)), median dura-
tion of invasive mechanical ventilation (15 vs 7 days),
rate of non-invasive mechanical ventilation (66.7 vs
66.8%) as well as laboratory findings including leuco-
cyte count, CRP levels at admission and albumin levels.
Median (IQR) duration of non-invasive mechanical ven-
tilation (5 (2-9) vs 12 (8-18) days, p=0.001) and platelet
count (235,000 (107,000) vs 285,000 (132,000)x 10°/L,
p=0.034) were significantly lower, while the rate of inva-
sive mechanical ventilation (100 vs 65.9 %, p=0.001) and
mean (SD) body temperature (37.6 (0.8) vs 37.3 (0.8)°C,
p=0.036) were significantly higher in VAP than in NP
patients (Table 2).

Pneumonia and hospitalisation-related
characteristics in study groups

VAP and NP groups were similar in terms of mean (SD)
pneumonia severity index (101 (30.0) vs 196 (37.0)) and
the rate of culture positivity (95.2% for each), while
Acinobacter baumannii was the most commonly identi-
fied pathogen in 63.3 and 35% of VAP and NP patients,
respectively and significantly higher in VAP than NP
(p=0.005) (Table 3).

Percentage of patients with appropriate empirical treat-
ment (45.2 vs 42.9%), antibiotic use in the last 3 months
(54.7 vs 68.2%) and the rate of late onset disease (62.5 vs
61.4%) were also similar between VAP and NP groups, while
the rate of multiple organ failure was significantly higher in
VAP than in NP group (67.2 vs 51.2%, p=0.01). No signifi-
cant difference was noted between VAP and NP groups in
terms of median (IQR) length of ICU stay (20 (14-31) vs 14
(10-24) days) as well as length of hospital stay after the diag-
nosis (14 (6-23) vs 10 (5-21) days) (Table 3).

Short- and long-term case fatality rates in study
groups

Overall case fatality rate was similar between groups with
death of 52 of 64 (81.3%) patients with VAP and 37 of 44
(84.1%) patients with NP at the end of the study period.
Case fatality rate during ICU admission (42.2 vs 45.5%),
short-term case fatality rate within 28 days of discharge
(15.6 vs 27.3%), long-term case fatality rate within a year of
discharge (23.4 vs 11.4%), time to death during ICU stay (6
vs 5 days) as well as survival after discharge (3.8 (4.8) vs 4.8
(7.7) months) were similar between VAP and NP groups.
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Table 3 Pneumonia and hospitalization-related characteris-
tics in study groups

Ventilator- Nosocomial ~ p-value
associated pneumonia
pneumonia (n=44)
(n=64)
Pneumonia severity index, mean 101 (30.0) 106 (37.0)  0.45
(SD)
Culture positivity, n (%) 60 (95.2) 40 (95.2) 0.70
Acinobacter baumannii 38 (63.3) 14 (35.0) 0.005
Staphylococcus aureus 11 (18.0) 9 (22.0) 0.58
Pseudomonas aureginosa 10 (16.0) 11 (27.0) 0.35
Klebsiella pneumonia 8(13.0) 5(12.0) 0.57
Empirical treatment, n (%)
Appropriate 28 (45.2) 18 (42.9) 0.97
Not appropriate 20 (32.3) 14 (33.3)
Partially appropriate 14 (22.6) 10 (23.8)

Antibiotic use within the last 3 35 (54.7) 30 (68.2) 0.16
months, n (%)

Late onset disease, 11 (%) 40 (62.5) 27 (61.4) 0.76
Length of hospital stay, median 14 (6-23) 10 (5-21) 0.31
(IQR)

ICU length of stay (days), median 20 (14-31) 14 (10-24)  0.054
(IQR)

Multiple organ failure, n (%) 43 (67.2) 22 (51.2) 0.01

ICU intensive care unit, /QR interquartile range

Table 4 The multivariate analysis of ICU mortality in pa-
tients with VAP and NP

Qdds ratio Cl %95 pvalues
Presence of sepitic shock  3.15 1.06-9.38 0.039
Presence of COPD 3.83 1.26-11.60 0.018
COPD chronic obstructive pulmonary disease

Kaplan-Meier survival analysis revealed that two
groups were similar in terms of long-term survival
(p>0.67) with occurrence 50 % of case fatality rate cases
in the first 2 months and 90 % within the first year of dis-
charge (Fig. 1).

We analysed variables that included the co-morbid
diseases, age, gender, type of mechanical ventilation,
APACHE II on the admission to the ICU, C-reactive pro-
tein, prognostic index of surgical infections, multiple
organ failure and presence of septic shock to access
independent prognostic factors which are associated
with case fatality. In the multivariate analysis, chronic
obstructive pulmonary disease (COPD) (HR: 3.15, 95%
CIL: 1.06-9.38; p=0.039) and presence of septic shock
(HR: 3.83, 95% CI: 1.26-11.60; p=0.018) were indepen-
dent prognostic factors for case fatality rate (Table 4).

Survival Functions
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Fig. 1 Kaplan-Meier long-term survival analysis in study
groups

Discussion

Our findings from a retrospective cohort of ICU patients
with VAP and NP revealed high overall rates of case fatal-
ity rate including case fatality rate during ICU stay and
within 28 days or later following discharge, with no sig-
nificant difference between VAP and NP groups. Apart
from significantly higher rate for multiple organ failure,
tendency for length of ICU stay as well as higher rate
for invasive mechanical ventilation in VAP than in NP
patients and significantly higher duration of non-inva-
sive mechanical ventilation in NP than in VAP patients,
VAP and NP groups were similar not only in case fatality
rate but also in terms or demographic characteristics, co-
morbid disorders, laboratory findings and the rates for
late-onset pneumonia, appropriate empirical treatment
and culture positivity.

In our cohort, ICU case fatality rate in VAP and NP
patients seems comparable to ICU case fatality rates of
48.3% [16] and 47.3 % [22] associated with VAP and crude
ICU case fatality rate in patients with NP (41%) [23]
reported in the past studies. Short-term case fatality rates
were also consistent with the 28-day case fatality rate in
appropriately treated VAP patients that varies from 18 to
29 % in literature [24, 25].

Given the range of crude (24-76%) and attributable
(20-30 %) case fatality rates reported in developed coun-
tries [17, 26-28], our findings seems notable by providing
data on overall case fatality rates within 1 year of diagno-
sis as well as on timing of case fatality rate indicating that
most of case fatality rate cases to occur during ICU stay or
within 2 months of hospital discharge.
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In agreement with indication of certain co-morbidities
to significantly affect prognosis in NP/VAP patients and
thereby lead high case fatality rates [27], case fatality rate
due to terminal illness composed one-third of case fatality
rates occurred during ICU admission in our study groups.

Data from a first prospective study of targeted surveil-
lance of healthcare-associated infections in 13 ICUs from
12 Turkish hospitals revealed that during the 3-year study,
VAP comprised 47.4% of all device-associated infections
and associated with the highest risk, while Acinetobacter
spp. (26.7%), Pseudomonas spp. (24.2%) and Staphylo-
coccus aureus (14.9%) were the most commonly identi-
fied causative agents [29]. Accordingly, identification of A.
baumannii, P. aeruginosa and S. aureus as the most fre-
quent causative pathogens in our cohort consistent with
the statement that P. aeruginosa, Acinetobacter spp., and S.
aureus were among the most frequent multidrug resistant
(MDR) pathogens found in VAP [17, 30-32] and notable
given that their frequencies were also reported to be sig-
nificantly associated with increased case fatality rate with
rates of up to 70% [17, 33]. In present study A. bauman-
nii was the major causative agent in VAP and NP, however,
VAP group had two times higher rate of that agent than NP.

Indeed, increasing detection of MDR in association
with VAP in the hospital setting has been considered to
be a threat for the treatment of the patients [34] being
attributed to the widespread use of antimicrobials, pro-
longed use of invasive mechanical ventilation in the
ICU, prolonged stay in the hospital and prior antibiotic
therapy due to presence of late-onset disease and co-
morbidities [12, 30, 34-36].

In this regard, given the high case fatality rates despite
isolation of aetiological agent in 95% of cultures, our
findings emphasise the contribution of certain factors
such as emergence of MDR pathogens, co-morbidities,
severity of illness, appropriate antibiotic therapy, prior
antibiotic therapy, duration of mechanical ventilation
and length of ICU stay, in the prognosis of VAP patients
[11, 27, 30, 37-40].

Timely administration of appropriate antibiotic ther-
apy has been considered essential element in successful
management of NP and shown to significantly influence
outcome, yielding survival rates of 70-80% [41, 42]. In
this regard it is worth noting that in our cohort admin-
istration of appropriate empirical antibiotic therapy was
identified only in 45.2 and 42.9% of patients with VAP
and NP, respectively.

Underlying disease of the patient has also been related
with death as much as the infection sites and antibiotic
susceptibility of pathogen [43]. Therefore, it should be
noted that the majority of patients in our cohort had co-
morbidities, a factor which is known to influence long-
term outcomes [44, 45].

Besides, administration of broad spectrum antibiotics
in the preceding 7 days was reported to be associated with
increased rate of VAP especially forms caused by P. aerugi-
nosa and Acinetobacter spp. [16, 46, 47]. In this regard, use
of antibiotic therapy within the last 3 months in our cohort
seems to be in line with the identification of A. baumannii

and P. aeruginosa in most of the cultures and emphasize the
crucial importance of determination of antibiotic sensitivity
patterns and administration of appropriate empirical anti-
biotic therapy in such cases [30, 48].

NP has been suggested to independently increase case
fatality rate risk in patients with moderately severe (APACHE
scores of 20-29) illness, while case fatality rate in more
severely (APACHE scores >30) or less severely (APACHE
scores <20) ill patients have been considered to occur sec-
ondary to the underlying disease, regardless of the presence
of NP [10, 49]. Our cohort indicating moderate severity of
the illness at admission according to APACHE II score, and
NP/VAP seems to have substantial influence on death as
the outcome which seems consistent with identification of
pneumonia as the primary cause of death in two-thirds of
ICU mortalities in our study.

Higher rate of invasive mechanical ventilation in
patients with VAP than NP in the present cohort is in
agreement with the fact that mechanical ventilation
increases the risk of pneumonia by 6-20 times and asso-
ciated with case fatality rates of up to 50 % [50, 51], while
non-invasive methods of ventilation were associated
with reduced rates of VAP in patients with acute respira-
tory failure [5]. Likewise, data from a past study in Tur-
key revealed that overall higher incidence of nosocomial
infection in medical/surgical than in neurological ICUs
was associated with greater use of invasive devices in
medical/surgical ICUs [52].

Up to 1-3 % increase in the risk of VAP has been indi-
cated for each day requirement for mechanical ven-
tilation in intubated patients [39, 53], along with the
contribution of longer ICU stay and thereby increased
risk of ICU-related complications such as other noso-
comial infections and complications related to invasive
procedures to the attributable case fatality rate [49]. In
this regard, our findings emphasise the likely benefit of
strategies of reducing need for ventilation, reducing colo-
nisation and reducing aspiration in prevention of VAP [5]
and support the statement that implementation of ratio-
nal protocols for the rational of use of empirical antibac-
terial agents and having knowledge on MDR organisms
may help in decreasing VAP-related case fatality rates by
MDR bacteria in the ICU and in reducing length of hospi-
tal stay and healthcare costs [6, 17, 34, 41].

Presence of diagnosis of COPD and septic shock are
associated with high fatality rate in our study after multi-
variate analysis. In a prospective study conducted in mix
ICU, COPD diagnosis and presence of shock found also
to be related with high fatality rate in patients with VAP
[54]. Presence of COPD was also found as fatality risk fac-
tor for NP in previous studies [55].

Certain limitations to this study should be consid-
ered. First, due to retrospective single-centre design of
the present study, establishing the temporality between
cause and effect as well as generalising our findings to
overall VAP/NP population seems difficult. Second, due
to lack of a selection protocol, each physician might have
used a different choice of antibiotic for treatment of a
specific organism. Nevertheless, despite these certain
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limitations, given the paucity of the solid information
available on this area despite the importance of regional
and local surveillance data, our findings could represent
a valuable contribution to the literature.

Conclusion

In conclusion, our findings in a retrospective cohort of
respiratory ICU patients with VAP or NP revealed high
ICU, short- and long-term case fatality rates within 1 year
of diagnosis, regardless of the diagnosis of NP after 48 h
of initial admission or after induction of ventilator sup-
port. Additionally, use of mechanical ventilation, pre-
dominance of MDR causative pathogens, insufficient
use of appropriate antibiotic therapy, late-onset disease
and thus use of previous antimicrobial therapy along
with moderate severity of illness and co-morbidities in
substantial percentage of patients in our cohort seem
to contribute to the outcome. Our findings indicate the
importance of not only ICU admission but also first 2
months after hospital discharge in terms of case fatality
rate associated with VAP and NP in respiratory ICU and
speculate that increasing compliance with infection con-
trol programmes and close monitoring especially in 2
months of discharge might reduce the high case fatality
rates in patients with VAP and NP.
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