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Background: At present, the use of ventilator support is an important part of treatment in ICU patients. However, aside from its well-
known advantages, the use of these devices is also associated with complications, the most important of which is pulmonary infection (PI).
PI has a high rate of morbidity and mortality.

Objectives: This study aimed to evaluate the prevalence of Pl in mechanically-ventilated patients and the role that factors, such as age, sex,
and duration of intubation, play in this regard.

Materials and Methods: This descriptive cross-sectional study evaluated the prevalence of PI in mechanically ventilated patients, with
no underlying condition which could compromise their immune system. Age, sex, and duration of intubation were assessed. Data were
analyzed using SPSS (version 16) software.

Results: A total of 37 ICU patients on ventilators were evaluated, including 21 males (56.8%) and 16 females (43.2%). The mean age of the
patients was 54 +19 years (range 19 to 86 years), with a mean age of 52 + 20 years in men, and 56 * 18 years in women (P = 0.52). The mean
duration of ventilation was 6 + 4 days (range 2 to 20 days). The mean duration of ventilation was 5+ 2 days in men, and 6 + 5 days in women
(P =0.42). A total of 16 patients (43.2%) developed ventilator-associated pneumonia (VAP); of whom, 50% were male and 50% female (P =
0.46). Patients who developed a pulmonary infection had a significantly longer duration of ventilation. The mean duration of ventilation
was 8 + 4 days in patients who had developed VAP, while this duration was 4 + 2 days in the non-affected patients (P = 0.005). Overall, 17
patients died, and 7 of these deaths were attributed to VAP.

Conclusions: The prevalence of VAP in this study was approximately 43%, which is relatively high. In total, the percentage of deaths due to
VAP among the patients was 18.91%. Duration of ventilator support was significantly correlated with the prevalence of PI.

Keywords:Pneumonia, Ventilator-Associated; Intensive Care Units; Ventilators, Mechanical

1. Background

At present, mechanical ventilation is an important part
of the treatment of patients admitted to the intensive
care unit (ICU). Considering the fact that patients requir-
ing ventilator support are usually in a critical condition,
the risk of hospital infections, especially pulmonary in-
fections following intubation, is extremely high and the
rate of morbidity and mortality in these patients some-
times reaches 50 to 70% (1-4). On the other hand, the use of
catheters which penetrate the body, monitoring devices,
and underlying conditions, make the patients even more
susceptible to these types of infections and increase their
risk of occurrence. Pulmonary infections (PI) usually de-
velop after the first 24 hours of ventilator support and
they are among the most important complications of
these devices; moreover, as high as 20% of mechanically

ventilated patients develop PL

Several factors such as the presence of underlying dis-
eases (i.e. chronic obstructive pulmonary disease and
sepsis), prolonged duration of ventilator support, num-
ber of aspirations, etc. play a role in the development
of PI (5, 6). Pulmonary conditions, such as pulmonary
embolism, pulmonary barotrauma, and pulmonary fi-
brosis, are other dreaded complications of mechanical
ventilation; and the resulting incidence of pulmonary
embolism ranges from 7% to 28% (7). Another important
complication in these patients is hospital-acquired pneu-
monia, and this disease is observed in a considerable
number of patients under mechanical ventilation. The
prevalence of pneumonia in ICU patients is much higher
than in other hospitalized patients (5). Prevalence rates
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of pneumonia increase with prolonged ICU stay; the lon-
ger the patient stays in the ICU, the greater the risk of de-
veloping hospital-acquired pneumonia (8, 9). In a study
conducted during 2005-2006 on 275 patients under me-
chanical ventilation for 48 hours, 84 subjects (about 30%)
developed PI (10). In a cohort study of 361 ICUs, compris-
ing 2897 patients in 20 countries, 439 patients (15%) de-
veloped PI. The mortality rate from ventilator-associated
pneumonia (VAP) was 38%. The presence of chronic ob-
structive pulmonary disease, aspiration and sepsis were
also recognized as risk factors for this condition (9). In
another study done on 98 patients, 53% developed VAP.
Factors such as; chronic obstructive pulmonary disease
(COPD), and duration of antibiotic therapy, etc. were also
influential in the occurrence of VAP (11). Considering the
fact that PI is more common in patients under ventilator
support and that they are associated with a high mortal-
ity rate, studies are required to assess and determine the
incidence of this complication, and the factors respon-
sible for its occurrence in order to control and reduce its
incidence. To the best of our knowledge, few studies in
Iran have evaluated the prevalence of pulmonary infec-
tions in patients under mechanical ventilation (MV).

2. Objectives

This study sought to assess the prevalence of P, related
morbidity and mortality, along with predisposing factors
in patients with no underlying conditions under MV.

3. Materials and Methods

This descriptive cross-sectional study was conducted on
patients hospitalized in the ICU under mechanical venti-
lation at one hospital; the study was done, from February
2009 to August 2010. ASA class I and II patients with no
underlying disease and over 15 years of age, were studied.
Patients with an underlying pulmonary disease, immu-
nodeficiency, conditions that increase the risk of infec-
tion (i.e. leukemia, chemotherapy, and corticosteroids),
and subjects with chronic renal insufficiency requiring
ventilator support, were excluded from the study. Thus,
patients who required intubation due to a sudden cause
(trauma, cerebrovascular accident (CVA), after some sur-
gical procedures, cerebral hemorrhage, etc.), were as-
sessed.

The census method of sampling was used. The ICU at-
tending physician first evaluated the ICU-hospitalized pa-
tients, and patients who met the inclusion criteria were
included in the study. A total of 40 patients were initially
assessed, of whom 37 met the inclusion criteria. The Eth-
ics Committee of the hospital approved the study. Data
remained confidential and no change or intervention
was made in the patients’ treatment plans.

Data were recorded in a questionnaire. The question-
naire was designed by the attending physician and it
was used to record data on variables such as age, sex,
duration of mechanical ventilation, mortality rate, and

the number of patients with a pulmonary infection. The
first section of the questionnaire was completed with
the patients’ demographic information. Patients were
examined daily by the ICU physician. In cases developing
signs or symptoms of PI, a chest X-ray was obtained and
sputum samples (mini-BAL method) were taken and sent
for staining and culture. The criterion for a diagnosis of
PI was clinical pulmonary infection scores (CPIS) and pa-
tients with a score of 6 or higher were considered to have
apulmonaryinfection and they underwent treatment for
VAP (Table 1). Patients with VAP were followed up in terms
of response to treatment and recovery, or death due to PI,
and the data were recorded in the questionnaire. After
data collection in the questionnaires, data were entered
in SPSS version 16 software (Statistical Package for Social
Sciences, Inc., Chicago, IL). Descriptive statistics were cal-
culated as percentages (%) for qualitative variables and
as mean * standard deviation for quantitative variables.
A chi-square test was applied to assess the correlation
between qualitative variables. According to normal dis-
tribution of data, the t-test was used for comparison of
quantitative variables. P < 0.05 was considered statisti-
cally significant.

Table 1. Clinical Pulmonary Infection Scores @

CPIS Point 0 1 2
Tracheal tube Low High High and puru-
secretions lent
Infiltration No Diffused Localized
on chest x-ray
Body tem- 36.5-38.5 38.5-38.9  More than39or
perature, °C less than 36
White blood 4-1 Less than Less than 4 or
cell count, 4 or more more than 11 +
1000/mm3 than11 500 band cells
Pa0,/FIO, Patients with Patients with re-
ratio respiratory spiratory distress
distress or P[F and P[F>240
>240

@ Abbreviations: CPIS, clinical pulmonary infection scores; PaO,, partial
arterial oxygen tension; FIO,, fraction of inspired oxygen.

4.Results

This study spanned a period of seven months and it
evaluated a total of 37 patients who met the inclusion cri-
teria. The subjects included 21(56.8%) males and 16 (43.2%)
females. The mean age of the patients was 54 + 19 years
(range 19 to 86 years), and the mean age in the males was
52+20 yearsand 56 +18 years in the females (P=0.52). The
mean duration of mechanical ventilation in the patients
was 6 + 4 days (range 2 to 20 days), with 5 + 2 days for the
men, and 6 + 5 days for the women (P = 0.42).

Overall, 16 patients (43.2%) developed VAP; of whom, 50%
were male and 50% were female (P = 0.46) (Figure 1). Pa-
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tients who developed VAP had a significantly longer du-
ration of mechanical ventilation. The mean duration of
ventilation was 8 + 4 days in patients with VAP, and 4 + 2
in non-affected patients (P = 0.005) (Figure 2); 17 patients
died; 7 deaths were due to VAP, and 10 were due to other
causes (Figure 3). Common microbial pathogens isolated
from the sputum of VAP patients were gram-positive
cocci, Acinetobacter, gram-negative cocci, Pseudomonas,
and Enterobacter, in descending order of frequency. Ac-
cording to an antibiogram, the majority of the previously
mentioned microorganisms were susceptible to imipe-
nem and meropenem. Susceptibility to ceftriaxone and
cefotaxime was also observed in half of the samples. Am-
picillin and penicillin had the highest level of resistance
among the microbial pathogens. In five cases, the admin-
istered antibiotic was changed due to antibiotic resis-
tance and the most common microorganism responsible
in these cases was Pseudomonas.
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Figure 1. VAP Prevalence Based on Gender
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Figure 2. Duration of Mechanical Ventilation in VAP and Non-Affected
Patients
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Figure 3. Prevalence of VAP in Survivors and Deceased Patients
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5. Discussion

VAP is common among ICU patients. In this study, ap-
proximately half of the patients (43%) developed VAP, of
whom 50% were male and 50% were female. This indicates
that gender is not a risk factor for VAP. This finding has also
been confirmed in previous studies. In our study, the du-
ration of mechanical ventilation had a direct correlation
with the prevalence of VAP; which is in accord with previ-
ous study results. The majority of patients who developed
VAP were under mechanical ventilation for more than six
days (mean 8 days). Thus, prolonged duration of ventila-
tion is a serious risk factor for the development of pneu-
monia. The mortality rate of VAP among all patients in this
study was 18.91%; which was lower than the mortality rate
in patients deceased due to causes other than pneumonia
(27.02%). The majority of these causes was not preventable,
including; brain tumors, CVA, and concussions.

Najafi et al. compared the prevalence of VAP between
patients with a jejunostomy feeding tube and nasogastric
feeding tube. The prevalence of VAP was higher than 65%
in patients with a nasogastric feeding tube, while this rate
was 13% in those with a jejunostomy feeding tube. The dif-
ference between his study and ours is that in our study we
excluded patients with underlying conditions or immu-
nodeficiency; therefore, patients had no underlying con-
dition to increase the risk of VAP. However, the prevalence
of VAP in our study was still high. A limitation of Najafi’s
study is that patients with underlying conditions were not
excluded. A limitation of our study we did not assess the
patients’ feeding method, and nasogastric feeding per se
as arisk factor of VAP (12).

In a study by Noor and Hussain conducted on mechani-
cally ventilated patients in Pakistan, the prevalence of
VAP was 28% and the duration of mechanical ventilation
correlated with the occurrence of VAP. This finding is in
agreement with our results. Another important finding in
Noor’s study was that antibiotic administration before in-
tubation correlated with the development of VAP (13).

In a study by Li et al. carried out in trauma patients hos-
pitalized in an ICU in China, the prevalence of VAP was
reported to be over 53%. This study was similar to ours in
the incidence of PI. On the other hand, the highest preva-
lence of PI was observed in their study. They also showed
that duration of ventilator use was a significant factor in
the development of pneumonia (11). In a study by Timsit et
al. the mortality rate of ventilator-associated pneumonia
was more than 50%. The rate of mortality in their study was
greater than that found in our study (14).

In comparison with studies that have been conducted
in other countries, the present study showed a relatively
high prevalence of VAP in the ICU; however, it should be
remembered that our sample size was small because the
present study only evaluated patients with no underly-
ing conditions and these patients in the ICU are not many.
Moreover, performing certain health and medical proce-
dures, (e.g. intermittent oral rinse with chlorhexidine or
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normal saline for ventilated patients, placing patients in
the head-up position, use of HME antibacterial filters, in-
dividualizing certain parts of the ventilator device, for
example, connecting pipe or ventilator settings for each
patient, and adjusting the pressure of the tracheal tube
in the range of 25 -30 mmHg), can reduce the risk of VAP
in ventilated patients (15-17). Therefore, these adjustments
can reduce the morbidity and mortality in these patients.
Unfortunately, none of the above were performed in the
present study, and this may have been the cause of the
high prevalence of VAP, as well as morbidity and mortality.
However, the prevalence rate obtained in our study is low-
er than that reported by Leone et al. (18). The overall rate of
morbidity and mortality in our study was not that high in
comparison to other studies, as rates as high as 70% have
been reported in some studies. Furthermore, some studies
have mentioned old age to be a risk factor, but in our study
age had no effect on the prevalence of VAP (which may be
due to our small sample size).

5.1. Conclusions

In this study, 43% of ICU patients developed VAP; associ-
ated mortality rate of VAP among all of the patients was
18.91%, which was lower than the rate in patients who
died from causes other than VAP (27.02%). The duration
of mechanical ventilation had a direct correlation with
the prevalence of VAP. The most common microbial
pathogens isolated from the sputum of patients were
gram-positive cocci, Acinetobacter, gram-negative cocci,
Pseudomonas and Enterobacter. In an antibiogram, the
majority of the above mentioned microorganisms were
susceptible to imipenem and meropenem.

5.2. Suggestions

The prevalence of VAP in the ICU of this hospital was
relatively high compared to other studies and requires
further investigation. Thus, it is recommended that ster-
ilization of facilities be carried out with higher efficacy.

Acknowledgements

We thank the ICU staff and patients for their coopera-
tion in this study.

Authors’ Contributions

Study concept and design: Reza Ghanbarpour, Masoud
Saghafinia and Mohammad Javad Forozanmehr; acquisi-
tion of data: Mahdi Ramezani Binabaj, Masoud Saghafinia,
Reza Ghanbarpour, Sayed Jallal Madani and Davood Tadres-
si; analysis and interpretation of data: Mahdi Ramezani
Binabaj, Mohammad Javad Forozanmehr, Sayed Jallal
Madani and Davood Tadressi; drafting of the manuscript:
Reza Ghanbarpour , Masoud Saghafinia and Mohammad
Javad Forozanmebhr; critical revision of the manuscript for
important intellectual content: Mahdi Ramezani Binabaj,
Masoud Saghafinia, Reza Ghanbarpour, Sayed Jallal Madani

and Davood Tadressi; statistical analysis: Mahdi Ramezani
Binabaj, Masoud Saghafinia, Reza Ghanbarpour and Sayed
Jallal Madani; Study supervision: Masoud Saghafinia.

Funding/Support

The Baqiyatallah University of Medical Sciences funded
the research.

References

1. Pilbeam SP, Cairo JM. Mechanical ventilation: physiological and
clinical applications.: Mosby Elsevier; 2006.

2. Bauer TT, Ferrer R, Angrill ], Schultze-Werninghaus G, Torres A.
Ventilator-associated pneumonia: incidence, risk factors, and
microbiology. Semin Respir Infect. 2000;15(4):272-9.

3. Miller RD. Miller's Anesthesia. 7th ed: Churchill Livingstone[El-
sevier; 2010.

4. Marini JJ, Wheeler AP. Critical Care Medicine: The Essentials. 6th
ed: Lippincott Williams & Wilkins; 2010.

5. Cook D], Walter SD, Cook R, Griffith LE, Guyatt GH, Leasa D, et al.
Incidence of and risk factors for ventilator-associated pneumo-
nia in critically ill patients. Ann Intern Med. 1998;129(6):433-40.

6. Hines RL, Marschall K. Stoelting's Anesthesia and Co-Existing Dis-
ease.: Elsevier Health Sciences; 2012.

7. Marino PL, Sutin KM. The ICU Book. 3rd ed: Wolters Kluwer
Health; 2012.

8. Rello ], Lorente C, Diaz E, Bodi M, Boque C, Sandiumenge A, et
al. Incidence, etiology, and outcome of nosocomial pneumonia
in ICU patients requiring percutaneous tracheotomy for me-
chanical ventilation. Chest. 2003;124(6):2239-43.

9. TejerinaE, Frutos-Vivar F, Restrepo MI, Anzueto A, Abroug F, Pal-
izas F, et al. Incidence, risk factors, and outcome of ventilator-
associated pneumonia. J Crit Care. 2006;21(1):56-65.

10. Rocha Lde A, Vilela CA, Cezario RC, Almeida AB, Gontijo Filho P.
Ventilator-associated pneumonia in an adult clinical-surgical
intensive care unit of a Brazilian university hospital: incidence,
risk factors, etiology, and antibiotic resistance. Braz J Infect Dis.
2008;12(1):80-5.

1. Li HY, He LX, Hu B], Wang BQ, Zhang XY, Chen XH, et al. [A pro-
spective cohort study of risk factors for ventilator-associated
pneumonia in intensive care unit]. Zhonghua Nei Ke Za Zhi.
2004;43(5):325-8.

12.  Najafi A, Yousefshahi F, Mojtahedzadeh M, Moeeini M, Imani F,
Panahkhahi M. Incidence of ventilator-associated pneumonia
in jejunostomy fed patients compared with nasogastric tube
fed patients. Iran | Anaesth Intens Care. 2006.

13.  Noor A, Hussain SE Risk factors associated with development
of ventilator associated pneumonia. J Coll Physicians Surg Pak.
2005;15(2):92-5.

14. Timsit JF, Chevret S, Valcke ], Misset B, Renaud B, Goldstein FW,
et al. Mortality of nosocomial pneumonia in ventilated pa-
tients: influence of diagnostic tools. Am ] Respir Crit Care Med.
1996;154(1):116-23.

15. Mandell LA, Wunderink RG, Anzueto A, Bartlett ]G, Campbell
GD, Dean NC, et al. Infectious Diseases Society of America/
American Thoracic Society consensus guidelines on the man-
agement of community-acquired pneumonia in adults. Clin
Infect Dis. 2007;44 Suppl 2:527-72.

16.  Muscedere ], Dodek P, Keenan S, Fowler R, Cook D, Heyland D, et
al. Comprehensive evidence-based clinical practice guidelines
for ventilator-associated pneumonia: diagnosis and treatment.
J Crit Care. 2008;23(1):138-47.

17.  Muscedere |, Dodek P, Keenan S, Fowler R, Cook D, Heyland D, et
al. Comprehensive evidence-based clinical practice guidelines
for ventilator-associated pneumonia: prevention. J Crit Care.
2008;23(1):126-37.

18. Leone M, Delliaux S, Bourgoin A, Albanese |, Garnier F, Boyadjiev
I, et al. Risk factors for late-onset ventilator-associated pneumo-
nia in trauma patients receiving selective digestive decontami-
nation. Intensive Care Med. 2005;31(1):64-70.

Trauma Mon. 2014;19(3):€15958



