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ABSTRACT

Background: Postoperative pneumonia increases costs associated with inpatient stay, treatment, laboratory 
testing, and imaging, thereby increasing total healthcare costs. The aim of this study was to determine risk 
factors in patients who develop pneumonia after thoracic and cardiovascular surgery, evaluate relationships 
between these risk factors and cost, and conduct a cost analysis of postoperative pneumonia.

Materials and Methods: 111 patients who underwent major thoracic or cardiovascular surgery between 
June 2009 and March 2014 were evaluated retrospectively. Patients who developed postoperative 
pneumonia (p = 37) were compared with those who had no postoperative complications (p = 74). 

Results: 40 men and 71 women were included in the study. Mean length of hospital stay was 21 days 
for patients with pneumonia versus 10 days for patients without pneumonia (p < 0.001). Significant risk 
factors for postoperative pneumonia were Charlson Comorbidity Index > 2, steroid use, high ASA score, 
presence of nasogastric tube, peripheral/central venous catheterization, postoperative heart failure/acute 
kidney failure, total parenteral nutrition, late postoperative mobilization, and prolonged ventilation and 
intubation (p < 0.05). Postoperative pneumonia was associated with significantly higher mortality rate 
and total cost (p < 0.001 for both). The mean cost of treatment for patients with and without postoperative 
pneumonia was 8211.7 TL and 3917.5 TL, respectively (p < 0.001). There were statistically significant 
differences between the two groups in the costs of surgery, radiology, antibiotics, and cultures (p < 
0.001 for all). Correlation analysis between risk factors and cost revealed that prolonged intubation, late 
mobilization, and lack of respiratory rehabilitation exercises were associated with higher costs (p < 0.05). 

Conclusions: Postoperative pneumonia significantly increases costs. Identifying and mitigating these 
factors will reduce both the incidence of infection and the associated costs. Because infection control 
measures help avoid infection and thereby infection-related costs, it is critically important to support 
infection control activities and prevent nosocomial infections. 
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Introduction 
Nosocomial infections are difficult to treat due to both pa-
tient characteristics and resistance in the infectious agents. 
In addition to increasing length of hospital stay and mor-
tality rates, nosocomial infections create a substantial eco-
nomic burden due to increased costs. The results of the 
Study on the Efficacy of Nosocomial Infection Control 
(SENIC) conducted in the mid-1970’s provided a large 
database on this subject. This report, which was published 
in 1992 and included data on direct annual medical costs, 
brought attention to healthcare-associated infections and 
the significance of costs associated with them [1].

Although preventive measures have improved along 
with other medical advances, nosocomial pneumonia is 
an important problem in Turkey. There is not enough 
study on this subject in Turkish literature. There have 
been very few studies conducted in Turkey on the de-
velopment and costs of postoperative pneumonia in 
particular. There are not enough studies in the literature 
on the risk factors and costs associated with pneumonia 
after cardiothoracic surgery, which accounts for a sub-
stantial proportion of postoperative pneumonias. 

The present study evaluated risk factors for the de-
velopment of pneumonia after cardiothoracic surgery 
and the relationships between these factors and cost. 

Materials and Methods
A total of 111 patients who were diagnosed with pneu-
monia after undergoing a major operation in the thorac-
ic and cardiovascular surgery department between 01 
July 2009 and 31 March 2014 were evaluated retrospec-
tively. Thirty-seven patients who developed pneumo-
nia were compared with 74 patients with no additional 
complications during treatment. Thirty-six (32.4%) 
of the patients had pneumonectomy due to non-small 
cell lung carcinoma in the thoracic surgery department 
and 75 patients (67.6%) underwent coronary artery 
bypass and valve surgeries in the cardiovascular sur-
gery department. Pneumonia was diagnosed based on 
the criteria for ventilator-associated pneumonia (VAP) 
published by the Centers for Disease Control and Pre-
vention (CDC) [2]. The study was approved by the in-
stitutional review board and conducted in accordance 
with the principles of the Declaration of Helsinki. 

Microbiological Examination
For mechanical ventilation in intensive care units 
(ICUs), secretions are removed using a closed system. 
Endotracheal aspirate sampling was done by discon-

necting patients from the respirator and collecting a 
deep tracheal aspirate sample using a special cannula 
with a sterile reservoir. For patients who underwent 
bronchoscopy, bronchoalveolar lavage and protected 
specimen brush samples were analyzed. Sputum culture 
was obtained from patients who were not intubated. 
Bacteria were identified using conventional methods as 
well as BBL Crystal Enteric/Nonfermenter ID Kit and 
BBL Crystal Gram-Positive ID Kit (Becton & Dickin-
son, USA) systems. 

Antibiotic susceptibility of the isolates was assessed 
using the Kirby-Bauer diffusion method according to 
Clinical and Laboratory Standards Institute (CLSI) stan-
dards. Antimicrobial agents were selected for antibiotic 
susceptibility testing based on CLSI recommendations. 
For resistant microorganisms, sensitivity to tigecycline 
and sulbactam-cefoperazone, which are not included 
in the CLSI recommendations, was evaluated based on 
EUCAST and literature data.

Comorbidities were evaluated using the Charlson 
Comorbidity Index (CCI). The patients’ demographic 
characteristics and risk factors were gathered by retro-
spectively evaluating routinely collected data from the 
hospital records system. Postoperative complications 
and mortality was defined as deaths and complications 
that occurred within the first 30 days after surgery or 
after hospital admission.

We evaluated treatment-related expenses in terms of 
surgery, laboratory, radiography, antibiotic, culture, and 
inpatient stay costs, and analyzed correlations between 
postoperative pneumonia and these costs.

Statistical Analysis
Numerical variables were evaluated using mean and 
standard deviation or median (minimum-maximum) 
and categorical variables using number and percentage. 
Comparisons of numerical data between groups was 
done using independent samples t-test when paramet-
ric assumptions were met and the Mann-Whitney U test 
when these assumptions were not met. Kruskal-Wallis 
test was used in comparisons of multiple groups. Chi-
square test or Fisher’s exact test was used to determine 
whether the categorical variables differed between 
groups. Associations between numerical variables were 
analyzed using Spearman’s correlation coefficient. All 
analyses were done using SPSS (version 22, SPSS Inc., 
Chicago, IL, USA) package software. Level of signifi-
cance was accepted as p < 0.05.
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Results
There were 40 women (36%) and 71 (63.9%) men in the 
study. Mean length of hospital stay was 11 days. Further 
analysis showed that mean length of stay was 21 days 
(min = 4, max = 55 days) for patients with pneumo-
nia versus 10 days for patients without pneumonia (p < 
0.001). Distributions of the patients’ demographic and 
clinical features are shown in Table 1. 
Table 1. Demographic characteristics of the patients.

n %
Gender
Male / Female 40/71 64/36
Age (years) 62.61 ± 12.69 years
<65 64 57.7
>65 47 42.3
Smoking history (Pack/Year) 36.5 ± 17.5
Never 11 9.9
Active 16 14.4
Former 84 75.7
Department
Thoracic surgery 36 32.4
Cardiovascular surgery 75 67.6
CCI
0 13 11.7
1 19 17.1
2 61 55.0
3 13 11.7
4 4 3.6
5 1 0.9
Pneumonia +/– 37/74 33.3/66.7

In our study, 64.7% of pneumonectomy patients had 
complications. Significant risk factors for pneumonia 
were identified as thoracic surgery, CCI > 2, steroid us-
age, high ASA score, postoperative nasogastric tube us-
age, central venous catheterization, postoperative early 
mobilization, and TPN (Table 2).

The mortality rate was 17.4% overall (n = 20) and 
48.6% (n = 18) among patients with pneumonia. Eleven 
of the deceased patients (14.3%) had cardiovascular 
surgery and 9 (24.3%) had thoracic surgery. 

Cost analysis of patients with postoperative pneu-
monia revealed a significant difference in surgery costs 
between patients with and without pneumonia. Labo-
ratory costs increased proportionately in patients with 
pneumonia (628.7 TL [91.2 – 3,443.1 TL]; p < 0.001) 
(TL = Turkish lira). The costs of radiological tests (chest 
x-ray and CT) were significantly higher in patients with

pneumonia (136.5 TL [0 – 1,500.8 TL]; p < 0.001]. The 
mean cost of antibiotic therapy was 90.4 ± 58.6 TL for 
patients without pneumonia and 2,326.8 ± 3,293.1 TL 
for patients with pneumonia (p < 0.001). The mean 
cost of cultures was 10.4 ± 21.0 TL in patients without 
pneumonia and 121.7 ± 146.8 TL in patients without 
pneumonia (p < 0.001). These findings indicate that 
pneumonia is associated with higher antibiotic and cul-
ture costs. Cost of inpatient care was also significantly 
higher in patients with pneumonia due to their longer 
hospital stays. The mean overall cost for patients who 
had postoperative pneumonia was 8,211.7 TL (2,639.6 
– 35,950.0 TL). This was twice the overall cost of pa-
tients who did not develop pneumonia. Comparison of
costs for deceased and surviving patients showed that
costs were significantly higher for patients who died.
Factors associated with higher costs in our study were
prolonged intubation, prolonged immobility, lack of res-
piration physiotherapy, and increased need for inotropic
agents (p < 0.001; p < 0.001; p = 0.009; p = 0.023).

Discussion 
The SENIC project remains one of the most extensive 
studies to evaluate the effectiveness of nosocomial in-
fection control [3]. Data from SENIC indicated that 
healthcare-associated infections occur in approximately 
4.5 per 100 hospital admissions and incurred a cost of 
4.5 billion dollars [4]. Cost analysis studies are limited 
and generate broadly varying data due to the use of dif-
ferent metrics for cost assessment. In addition, most 
studies do not estimate losses resulting from loss of la-
bor productivity and decreased quality of life, instead 
basing calculations on direct costs only. The most com-
mon approach in healthcare-related cost analysis stud-
ies is to compare costs calculated through observational 
epidemiologic follow-up of infected and uninfected pa-
tients [3]. In the present study, we retrospectively evalu-
ated the effect of pneumonia after major thoracic and 
cardiovascular surgery on costs. 

In developing countries like Turkey, both hospital 
infection rates and resistance rates are 3-5 times higher 
than the global average [5]. For this reason, hospital in-
fections and prevention policies are especially pressing 
issues in economically developing countries. This is be-
cause nosocomial infections extend length of hospital 
stay by 10 days, increase hospital costs by 5-12 thou-
sand dollars, and most importantly, cause a 2- to 3-fold 
increase in mortality compared to global averages, and 
the majority of these infections are preventable [5-7]. 
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One of the main objectives of our study was to 
identify the effect of nosocomial infections on length 
of stay. In our study, length of stay increased by ap-
proximately 2-fold in the presence of pneumonia (p < 
0.001). A review of national and international studies 
revealed that nosocomial infection extended length of 
stay by 2 to 33.5 days, usually in the range of 15-20 
days. The most comprehensive meta-analysis on this 
subject, performed by Durand-Zaleski et al. [8] evalu-
ated more than 40 studies performed only in ICUs and 
showed that the nosocomial infections extended length 
of stay by 5 to 21 days. The Pennsylvania Healthcare 
Cost Containment Council in the USA, which has con-
ducted one of the most extensive studies on the subject, 
reported in 2012 that hospital infections add an average 
of 16.9 days to length of stay [9]. Mundyet al. found 

that VAP prolonged length of stay by 6 days, whereas 
Karaoğlan et al. reported an additional 15.7 days due 
to VAP [10,11]. Cocanour et al. [12] reported that the 
average length of stay was 6.4 days for intensive care 
patients without infection and 21.6 days for those with 
infection.

Another important aspect of our study is the correla-
tion between nosocomial infection and mortality. The 
mortality rate was significantly higher among patients 
who developed postoperative pneumonia than in patients 
with no infection (48.6% vs. 2.7%). In a study conduct-
ed in ICUs, Madani et al. [13] found that mortality rates 
were 75.1% higher in catheter-associated bloodstream 
infections, 56.7% higher in VAP, and 18.7% higher in 
urinary tract infections. Erbay et al. [14] detected a sig-
nificant difference in mortality between patients with 
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Table 2. Risk factors for pneumonia.
Variable Pneumonia – n (%) Pneumonia + n (%) P value
Sex Male 47 (63.5) 24 (64.9)

1
Female 27 (36.5) 13 (35.1)

Age (years) 62.4 ± 12.4 63.0 ± 13.5 0.809
<65 45 (60.8) 19 (51.4)

0.342
>65 29 (39.2) 18 (48.6)

Department Thoracic surgery 18 (50) 18 (50)
0.010

Cardiovascular surgery 56 (74.7) 19 (25.3)

CCI
0-1 28 (37.8) 4 (10.8)

0.003
>2 46 (62.2) 33 (89.2)

Steroid use 1 (1.4%) 5 (13.5%) 0.015
Hospitalization in the last 6 months 18 (24.3%) 5 (13.5%) 0.282
Antibiotic use in the last 6 months 11 (14.9%) 8 (21.6%) 0.533
ASA score 2 36 (48.6) 11 (29.7)

0.0253 38 (51.4) 24 (64.9)
4 0 2 (5.4)

Postoperative nasogastric tube 1 (1.4) 9 (24.3) <0.001
Peripheral artery catheterization 16 (21.6) 15 (40.5) 0.036
Central venous catheterization 54 (73) 34 (91.9%) 0.020
Surgery duration (minutes) 330 (35 - 480) 240 (60 - 540) 0.074

Surgery type
Open 74 (100) 36 (97.3)

0.333
Thoracoscopic 0 1 (2.7)

Surgery status
Emergent 1 (1.4) 1 (2.7)

1
Elective 73 (98.6) 36 (97.3)

Need for inotrope 11 (14.9%) 9 (24.3%) 0.337
Day of mobilization 3.32 ± 16.94 11 ± 13.16 <0.001
TPN - 17 (45.9%) <0.001
Abbrev.: CCI: Charlson Comorbidity Index, DM: Diabetes mellitus, TPN: Total parenteral nutrition
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and without VAP in the ICU. Furthermore, in a review 
by Yalçın on cost analyses of nosocomial infections, it 
was determined that reported additional mortality due 
to nosocomial infections varied from 4% to 33% [15]. 
Patients who undergo major surgery in the thoracic and 
cardiovascular surgery departments are distinct because 
they are older, usually have multiple comorbidities and 
risk factors, and are immunodeficient due to malignan-
cy and treatment. 

Thomas et al. [16] reported a 30-day mortality rate of 
5.7% in patients with lung cancer who underwent pneu-
monectomy.  The postoperative complication rate was 
33%. Sezen et al. [17] had a pneumonia rate of 18.8% in 
complementary pneumonectomy patients. In our study, 
64.7% of pneumonectomy patients had complications. 
Complication rate and pneumonia rate were higher than 
in literature. We think that is due to preoperative selec-
tion criteria of our patients. In our study, comorbidities 
were observed to be more common in patients who per-
formed pneumonectomy. On the other hand, we did not 
evaluate the preoperative general conditions of these 
patients.

In their meta-analysis on post-cardiac surgery VAP, 
He et al. [18] noted that it is necessary to improve cardi-
ac and renal functions, treat chronic pulmonary disease, 
and control pulmonary hypertension preoperatively to 
reduce the risk of pneumonia and avoid aggressive anti-
biotic treatment. In our study, we found that risk of post-
operative pneumonia increased in patients with a CCI > 
2. Preoperative steroid use was also found to increase
the risk of pneumonia.

The main aim of our study was to determine the ad-
ditional cost burden caused by nosocomial infections. 
Additional costs due to nosocomial infections are a 
major burden on the healthcare system in developing 
countries, as in developed countries. It was reported that 
nosocomial infections added 28.4–33.8 billion dollars 
in costs to the USA healthcare system in 2007 [3]. In the 
UK, the annual additional cost of nosocomial infections 
to hospitals alone was 1 billion pounds [19].

In our study, the average total hospital cost was cal-
culated as 3,917.5 TL for patients who did not have 
postoperative pneumonia and 8,211.7 TL for patients 
who developed pneumonia, which is a 2-fold increase. 
In a meta-analysis by Stone et al. [20], one of the most 
extensive reviews on the subject, the highest costs relat-

ed to nosocomial infection were due to catheter-associ-
ated bloodstream infections (38,703 USD), followed by 
pneumonia (17,677 USD). In the same study, the cost of 
surgical site infection was 15,646 USD, and the aver-
age cost attributable to infection was 13,973 USD. In 
another study by Kollef et al., the cost for patients who 
developed VAP in the ICU was 39,828 USD [21]. Meriç 
et al. [22] in a 2008 study determined that extra cost due 
to nosocomial infections in the ICU was 2,503 USD, 
while Hançer et al. determined in 2009 that the addi-
tional cost attributable to bloodstream infections alone 
in the ICU was 14,045 USD [23]. In a study performed 
by Rosenthal et al. in 2005, total additional cost was 
2,255 USD and antibiotics cost a further 996 USD [24]. 
Some researchers have claimed that hospitalization 
costs were the most important factor increasing cost, 
whereas others implicated the cost of antibiotics. In the 
present study, antibiotics accounted for 38.9% of the 
total average additional cost of 2,327 TL. We believe 
that selecting appropriate treatment and administering 
treatment for the appropriate duration may be important 
steps in the reduction of hospital costs.

In our study, we found that hospitalization costs for 
patients with pneumonia increased by 2.18-fold and 
1,223 TL compared to patients without pneumonia, and 
hospitalization was the second most expensive item 
(30.6% of total cost) after antibiotics. In contrast to our 
results, because labor costs are much higher in Europe 
and the USA compared to Turkey, hospitalization and 
service costs account for the largest proportion of hos-
pital costs in studies conducted in those countries. In a 
study performed in the UK, it was reported that general 
hospital costs and nursing and care costs comprise ap-
proximately 64% of the total additional costs, while a 
study performed in Belgium showed that 58% of total 
cost was attributable to prolonged length of stay [25,26]. 

Infection control measures can prevent costly infec-
tions. However, better access to personnel and finan-
cial resources are needed to support infection control 
activities and prevent nosocomial infection. To high-
light these needs, it is important for studies on hospital 
epidemiology and healthcare-related outcomes to dem-
onstrate the financial burden of nosocomial infections 
[27]. Costs can also be reduced by restricting antibi-
otic use and encouraging the rational use of medicines. 
Without rational drug use, infection control programs 
cannot be effective [28].
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Limitations of the study

This study was retrospective and included a small num-
ber of patients. The main limitations are that patients 
were recruited from two different surgical departments 
and our cost analysis did not take into account loss of la-
bor productivity. The inclusion of only pneumonectomy 
patients apart in thoracic surgery creates bias.

As a conclusion, postoperative pneumonia significant-
ly increases healthcare costs. Identifying and mitigating 
these factors will reduce both the incidence of infection 
and the associated costs. Because infection control mea-
sures help avoid infection and thereby infection-related 
costs, it is critically important to support infection control 
activities and prevent nosocomial infections. 
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