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Ventilator-associated pneumonia (VAP) is a life-threatening 
hospital-acquired infection frequently encountered in critically ill 
patients admitted to intensive care units (ICUs) worldwide.[1] The 
incidence of VAP varies from 5% to 67%, depending on patient 
case mix and the diagnostic criteria used.[1] VAP has an estimated 
attributable mortality rate of 8  -  12%.[2] The cost of hospitalisation 
for VAP patients was reported to be three times higher than that for 
non-VAP patients in developing countries.[3] The mean length of stay 
for VAP patients was reported to be four times higher than that for 
non-VAP patients.[3] This infection undoubtedly puts an additional 
burden on the already limited healthcare resources of developing 
countries. Despite the huge economic burden of VAP on healthcare 
systems and the negative impact on patient morbidity and mortality, 

the incidence and outcomes of this condition in the trauma ICU 
(TICU) population have been poorly documented in South African 
(SA) literature.

The US-based National Health and Safety Network in 2012 reported 
VAP rates ranging from 0.0 to 4.4 per 1 000 ventilator days.[4] The 
European Centre for Disease Prevention and Control in 2014 reported 
pooled VAP rates of 10 per 1 000 ventilator days.[4] The World Health 
Organization reported VAP rates of 23.9 per 1 000 ventilator days 
from low- and middle-income countries from 1995 to 2010.[5] A study 
published in 2015 from two major surgical and medical ICUs in 
Durban, SA, reported VAP rates of 9.9 episodes per 1 000 ventilator 
days.[6] VAP  rates from major trauma centres in a multi-institutional 
US study were reported to be 17.2 per 1 000 ventilator days.[7] In a 2019 
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meta-analysis by Li et  al.,[8] which included studies from European, 
North American, Asian and a few African countries, the incidence of 
VAP among patients with traumatic brain injury (TBI) was 36%.[8] In 
a prospective observational study from 2016 conducted in multiple 
European ICUs, the incidence of VAP among trauma patients was noted 
to be 36.5%.[9] A retrospective chart review by Dricken et al.[10] found VAP 
rates among trauma patients without TBI to be 23 per 1 000 ventilator 
days (incidence 23%), and among those with TBI to be 28.2 per 1 000 
ventilator days (incidence 30%).

Benchmarking is a process of comparing services and practices with 
industry leaders. When applied to a healthcare setting, particularly VAP, 
it encourages improvement of infection control policies, and allows 
comparison of risk factors, prevention measures, clinical trends and 
treatment choices and their impact on outcomes.[11] The incidence of 
VAP across multiple studies of the trauma population, with and without 
head injury, ranges from 17% to 36.5%, and is generally higher in 
patients with TBI. The incidence of VAP in severely injured trauma 
patients has been too poorly reported on locally to establish accurate 
benchmarks.

TICU patients are a unique set of patients compared with those 
in medical and surgical ICUs. This retrospective observational study 
at Inkosi Albert Luthuli Central Hospital (IALCH) in Durban, SA, 
aimed to determine VAP rates in a TICU in the only Trauma Society 
of South Africa (TSSA)-accredited level I trauma centre in the state 
sector, to address this gap in the literature. These VAP rates in patients 
with severe trauma were compared with international benchmark VAP 
rates.

Methods
A single-centre, retrospective, observational chart review was conducted 
using information retrieved from the IALCH Trauma Registry, as 
approved by the University of KwaZulu-Natal Biomedical Research 
Ethics Committee (ref. no. BCA207/09). The study included all adult 
patients admitted to the TICU between January 2017 and December 
2019. All patients who met the study inclusion criteria were included 
in the data analysis. Data were collected from an existing electronic 
database of TICU patients and the electronic patient records, and 
recorded in a data pro forma. The clinical diagnosis of VAP was at 
the discretion of the on-call trauma intensivist, as this is a closed ICU. 
Semi-quantitative culture results were used as reported by the local 
microbiology unit. Microbiological cultures were endotracheal tube 
aspirates, except for one case in which a specimen from bronchoalveolar 
lavage was used. Data points such as temperature and white blood 
cell count were readily available on the electronic database and were 
recorded retrospectively by a single author (BN).

Patients included in the study were of both sexes, aged ≥18 years, 
and admitted secondary to either blunt or penetrating trauma that 
required at least 48 hours of mechanical ventilation. Exclusion criteria 
were patients considered to be children (<18 years of age) and burn 
patients. The 2015 Centers for Disease Control and Prevention (CDC) 
criteria for possible or probable VAP were used to differentiate groups 
with and without VAP. The CDC definition of VAP is a three-tiered 
algorithm that aims to provide objective and trustworthy values for 
monitoring, surveillance and benchmarking.[12] According to the 
American Thoracic Society guidelines, VAP can be divided into early 
(occurring within 4 days of commencement of mechanical ventilation) 
and late (starting on day 5 or thereafter).[13]

There are three surveillance definition syndromes, described in each 
tier of the CDC algorithm.[14] The most inclusive is ventilator-associated 

condition (VAC). A subset of VAC is infection-related ventilator-
associated complication (IVAC), and subsets of IVAC were possible 
VAP (PoVAP) and probable VAP (PrVAP). In 2015, PoVAP and PrVAP 
were combined into a single definition of possible VAP (PVAP) (Fig. 1).

The primary objective was to determine the incidence of VAP in the 
TICU. This would also be reported as a VAP rate per 1 000 ventilator 
days using the formula: total number of patients meeting criteria for 
VAP/total number of ventilator days for whole sample × 1 000. Use of 
VAP rates as a benchmarking tool may be a valuable quality marker. 
However, accuracy in reporting requires large sample sizes, high-quality 
data and an objective method of reporting.

Secondary objectives were to determine mortality rates, number of 
days spent on mechanical ventilation, number of days spent on antibiotics, 
average length of ICU stay, and average cost of hospitalisation. Daily 
procalcitonin (PCT) screening in all patients with an index PCT level 
>2 µmol/L was used in the unit to guide antibiotic duration. The average 
cost of ICU stay was estimated from a previous study that estimated the 
average cost of admission per inpatient day to be ZAR12 727.56.[15] The 
figure included the cost of surgical procedures, imaging, laboratory tests, 
pharmaceuticals, and compensation of employees.

Statistical analysis was performed using SPSS version 28 (IBM, 
USA). Categorical variables were described using frequency counts and 
percentages. Intergroup comparison was done using Pearson’s χ2 tests. 
Continuous variables that were normally distributed were summarised 
using means and standard deviations (SDs) and compared between the 
two groups using two-sided t-tests. Numerical variables that were not 
normally distributed were summarised using medians and interquartile 
ranges (IQRs) and compared between the groups using non-parametric 
Mann-Whitney tests. For all statistical tests, p<0.05 was considered 
significant.

VAC
(based on increasing PEEP and FiO2 requirements)

IVAC
(VAC + evidence of infection)

PVAP
(IVAC + laboratory 

evidence of pneumonia)

Fig. 1. VAP definitions according to the 2015 Centers for Disease Control and 
Prevention guidelines.[12] A VAC is considered to be worsening of oxygenation on 
ventilator (evidenced by increasing PEEP and FiO2 requirements) after a period 
of stability of at least 2 days. An IVAC is a VAC plus: (i) abnormal white blood cell 
count or temperature around the date of onset of worsening oxygenation; and (ii) 
new antimicrobial commencement around the date of worsening oxygenation. 
PVAP is presence of an IVAC plus laboratory evidence of pneumonia (positive 
culture from sputum, endotracheal tube aspirate, bronchoalveolar lavage or lung 
tissue, OR objective evidence of purulent respiratory secretions, positive test for 
selected respiratory viruses).[14] (VAP = ventilator-associated pneumonia; VAC 
= ventilator-associated condition; PEEP = positive end-expiratory pressure; FiO2 
= fraction of inspiratory oxygen; IVAC = infection-related ventilator-associated 
complication; PVAP = possible VAP.)
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Results
A total of 827 patients were admitted to the TICU 
during the study period. All patients who were 
admitted for <48 hours or died within 48 hours 
of admission (so that the minimal time required 
for potential development of VAP was not met), 
were aged <18 years, or were not mechanically 
ventilated during the ICU stay, were excluded. 
Three hundred and ninety-five patients (47.7% 
of all admissions) were eventually included in 
the primary analysis.

When the registry was reviewed, 36.2% of the 
total sample met criteria for VAP (n=143/395). 
The 95% confidence interval for this estimate is 
31.5 - 41.2%. The VAP rate calculated was 35.6 
per 1 000 ventilator days (total number of VAP 
cases 143/total number of ventilator days 4 022 
× 1 000).

The mean (SD) ages of patients with and 
without VAP were similar (36 (13) years), and 
there was no significant difference between the 
groups (t=1.523; two-sided p=0.128).

A clear male predominance was noted in 
both the VAP and non-VAP groups (90.2% and 
85.3%, respectively). Blunt mechanism of injury 
appeared more common than penetrating 
trauma in both the VAP and non-VAP groups, 
with similar percentages (83.2% and 80.6%, 
respectively). The presence of TBI was also 
more common than no TBI in both groups, 
with VAP patients having a higher percentage 
of 73.4%, compared with 69.4% in the non-
VAP group.

There was no significant difference in 
Injury Severity Score (ISS) between the VAP 
and non-VAP groups (t=1.17; p=0.243). The 
median (IQR) ISS for the VAP group was 34 
(26 - 43), and that for the non-VAP group was 
34 (25 - 41) (Fig. 2).

There was a 21.7% death rate in the VAP 
group and a 22.6% death rate in the non-
VAP group, with no statistical difference noted 
between the two groups (Fig. 3). Overall, 22.3% 
of the total patient cohort died. It was not 
possible to clearly differentiate probable from 
possible VAP based on the retrospective data.

There was a statistically significant difference 
between the groups in number of days spent 
on mechanical ventilation (p<0.001). The VAP 
group spent a significantly longer time, on 
average 7 days longer, on mechanical ventilation 
than non-VAP group (Table 1 and Fig. 4).

The median number of days of treatment 
with antibiotics was 5  days, with a range of 
0  -  14 days. This variable was only measured 
in the VAP group; however, it was not possible 
to distinguish between empirical and directed 
therapy in the possible VAP subgroup, as these 
were not clearly defined in the notes. The most 

commonly cultured organisms were Klebsiella 
pneumoniae (35%), Acinetobacter baumannii 
(28%), Staphylococcus aureus (27%) and 
Escherichia coli (10%). The majority (63%) of 
VAP cases were late onset, occurring after day 
4 of admission.

There was a statistically significant difference 
in ICU length of stay between the groups 
(p<0.001). The VAP group spent on average 
7 days longer in the ICU than the non-VAP 

patients, in keeping with the longer ventilation 
days period, as illustrated in Fig.  5. The mean 
ICU length of stay for VAP patients was 16 days.

A statistically significant difference in cost 
of ICU stay was noted between the groups 
(p<0.001). The VAP group generated much 
higher hospitalisation costs, with a median cost 
of ICU stay of ZAR203 640.96, while the non-
VAP group had a median cost of ZAR114 
548.04.
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Fig.  2. Interquartile ranges of Injury Severity Scores in the VAP v. no VAP groups. (VAP = ventilator-
associated pneumonia.)
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Fig. 3. Mortality and discharged alive comparison of VAP v. no VAP groups. (VAP = ventilator-associated 
pneumonia.)

Table 1. Days on ventilation, VAP v. no VAP
VAP No VAP Total

Days spent on MV
Median  12  5  8
25th percentile 9  4  4
75th percentile 17  9  13

VAP = ventilator-associated pneumonia; MV = mechanical ventilation.
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Discussion
The main objective of the study was to determine 
the incidence of VAP in this TSSA-accredited 
level I trauma centre, and compare it with 
international benchmarks. The study revealed 
that VAP rates in the local setting are similar to 
those reported internationally. The incidence of 
VAP in our study was 36.2%, corresponding to a 
rate of 35.6 per 1 000 ventilator days. These rates 
were higher than those in a multi-institutional 
US study from major trauma centres, which 
reported pooled mean VAP rates of 17.2 per 
1 000 ventilator days.[7] However, the VAP 
incidence was similar to the 36% among TBI 
patients noted in a meta-analysis that included 

studies from Europe, North America, Asia 
and Africa.[8] It  was also similar to the 36.5% 
noted in a prospective observational study from 
multiple European ICUs.[9] The incidence of 
VAP in our study was higher compared with 
that in local surgical and medical ICUs, which 
was reported as 25% in a study published in 
2015.[6] This finding is to be expected, as trauma 
patients have a much higher risk of developing 
pneumonia than ventilated patients in non-
trauma ICUs.[16] Severely injured patients are at 
increased risk of VAP because they may require 
earlier airway acquisition and longer mechanical 
ventilation than other patients. Moreover, 
severely injured patients may have reduced 
resistance to infection owing to a compensatory 

anti-inflammatory response phase associated 
with a systemic inflammatory response 
syndrome. A high ISS, use of vasopressors 
and nasogastric tube malposition were also 
recognised as risk factors in this special ICU 
population.[16] The presence of chest trauma 
(rib fractures, pulmonary contusions) and 
failed prehospital intubation were identified as 
significant predictors of pneumonia in a study 
by Mangram et al.[17] published in 2015, and a 
suggestion was made to redefine VAP in trauma 
patients to ‘trauma-associated pneumonia’.[17]

A 2021 study by Keneally et  al.[18] suggests 
that high ISSs and male sex are risk factors 
associated with VAP. However, in the present 
study we found that ISSs were similar in the 
VAP and non-VAP groups, with a median 
of 34 in both. There was also the usual male 
predominance in both groups, with 90.2% male 
patients in the VAP group and 85.3% in the 
non-VAP group.

Mortality in our study was similar between the 
VAP and non-VAP cohorts, with rates of 21.7% 
and 22.6%, respectively. This finding seems to 
suggest that VAP is of lesser consequence in 
the trauma population compared with critically 
ill patients in other ICUs, and concurs with 
a study by Cook et al.[19] in which it was found 
that trauma represented a 3.9 odds ratio of 
developing VAP. It is therefore important to 
consider these factors prior to using VAP as a 
quality indicator among TICU patients.

Similar to findings of previous studies, the 
development of VAP in our study was strongly 
associated with longer duration of mechanical 
ventilation and longer length of ICU stay.[16] 
VAP patients spent an average of 7 days longer 
on mechanical ventilation, as well as 7 days 
longer in the ICU, than non-VAP patients. 
This finding emphasises the need to avoid 
mechanical ventilation where possible. When 
invasive ventilation is unavoidable, daily 
assessments for the possibility of early weaning 
with daily sedation hold and use of other care 
bundles to reduce VAP are important. However, 
early weaning off the ventilator may not be 
possible in some trauma patients, e.g. those with 
TBI with neurological indications for prolonged 
ventilation.[20]

The appropriate use of antimicrobial therapy 
in the treatment of VAP is an important focus 
point in many studies, as delays in initiation 
of antibiotics and inappropriate treatment 
may result in longer ICU stay and increased 
mortality.[4] Although the optimal duration 
of antimicrobial therapy for the treatment of 
VAP is not known, evidence shows that shorter 
courses, averaging 7 days, are effective and 
reduce antibiotic resistance and adverse effects, 
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Fig. 5. Length of stay in the ICU for the VAP v. no VAP groups. (ICU = intensive care unit; VAP = ventilator-
associated pneumonia.)
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Fig.  4. Days on MV for the VAP v. no VAP groups. (MV = mechanical ventilation; VAP = ventilator-
associated pneumonia.)
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as well as cost of care.[4] In the present study, patients with VAP spent 
an average of 5 days on antibiotics. Treatment was tailored according 
to micro-organisms cultured and the sensitivities of the organisms. 
Discontinuation of antimicrobial therapy was based upon both clinical 
and laboratory (PCT trends) evidence of improvement. International 
guidelines for management of hospital-acquired pneumonia and VAP 
recommend the use of biomarkers such as serial PCT measurements in 
conjunction with clinical assessment to determine the optimal duration of 
antimicrobial therapy.[21]

The cost of ICU stay was 1.8 times higher for VAP patients than for 
the non-VAP group. These findings are in keeping with those of Alp 
et al.,[3] who reported that the total cost of VAP patients was three times 
higher than that for non-VAP patients. This economic burden places a 
further strain on the already limited healthcare resources in our upper-
middle-income country, where the trauma burden is far higher than in 
many high-income regions with better systems of care. This situation 
emphasises the need for strict adherence to cost-effective VAP prevention 
bundles to reduce the incidence of this complication. Implementation of 
ventilator care bundles was associated with reduced VAP episodes and 
a reduced duration of mechanical ventilation in adult ICU patients in a 
recent meta-analysis.[22]

Study limitations
Limitations of this study are that it was a retrospective chart review, 
along with the single-centre status, so generalisation to other facilities is 
not necessarily possible. This drawback is mitigated by the fact that the 
data were from an electronic record linked to a registry with broad data 
points, reducing the risk of selection bias and missing data. The database 
also has links to laboratory data for sensitivity to antibiotics; however, 
the documentation did not differentiate possible from probable VAP. 
The other important aspect is that because the study was retrospective, 
observational causality cannot be ascertained.

Conclusion
The study has shown that VAP rates in a local TICU are higher than those 
reported from local non-trauma ICUs, and yet not dramatically worse 
than rates in TICUs in higher-income countries internationally. Although 
there is a need to reduce the incidence of this complication in the TICU by 
strict adherence to VAP care bundles, it remains a potentially predictable 
complication, particularly in those with TBI, as these patients had a higher 
incidence.

Data availability. The datasets generated and analysed during the present 
study are available from the corresponding author (BN) on reasonable 
request. Any restrictions or additional information regarding data access can 
be discussed with the corresponding author.
Declaration. The research for this study was done in partial fulfilment 
of the requirements for BN’s MMed (Anaes) degree at the University of 
KwaZulu-Natal.
Acknowledgements. None.

Author contributions. TCH and BN conceptualised the study, TCH provided 
the data from the registry, and BN analysed the data and retrieved the clinical 
data. TCH and BN wrote the article draft, and both authors agreed on the 
final submission. TCH was the MMed supervisor for BN.
Funding. Self-funded work.
Conflicts of interest. None.

1.	 Timsit JF, Esaied W, Neuville M, Bouadma L, Mourvllier B. Update on ventilator-associated 
pneumonia. F1000Res 2017;6:2061. https://doi.org/10.12688/f1000research.12222.1

2.	 Klompas M. Prevention of intensive care unit-acquired pneumonia. Semin Respir Crit Care Med 
2019;40(4):548-557. https://doi.org/10.1055/s-0039-1695783

3.	 Alp E, Kalin G, Coskun R, Sungur M, Guven M, Doganay M. Economic burden of ventilator 
associated pneumonia in a developing country. J Hosp Infect 2012;81(2):128-130. https://doi.
org/10.1016/j.jhin.2012.03.006

4.	 Nora D, Póvoa P. Antibiotic consumption and ventilator-associated pneumonia rates, some 
parallelism but some discrepancies. Ann Transl Med 2017;5(22):450. https://doi.org/10.21037/
atm.2017.09.16

5.	 El-Saed A, Balkhy HH, Weber DJ. Benchmarking local healthcare-associated infections: Available 
benchmarks and interpretation challenges. J Infect Public Health 2013;6(5):323-330. https://doi.
org/10.1016/j.jiph.2013.05.001

6.	 Behari AA, Kalafatis N. Incidence and outcome of ventilator-associated pneumonia in Inkosi 
Albert Luthuli and King Edward VIII Hospital surgical intensive care units. South Afr J Crit Care 
2015;31(1):16-18. https://doi.org/10.7196/SAJCC.227

7.	 Michetti CP, Fakhry SM, Ferguson PL, et  al. Ventilator-associated pneumonia rates at major 
trauma centers compared with a national benchmark: A multi-institutional study of the AAST. 
J Trauma Acute Care Surg 2012;72(5):1165-1173. https://doi.org/10.1097/TA.0b013e31824d10fa

8.	 Li Y, Liu C, Xiao W, Song T, Wang S. Incidence, risk factors, and outcomes of ventilator-associated 
pneumonia in traumatic brain injury: A meta-analysis. Neurocrit Care 2020;32(1):272-285. 
https://doi.org/10.1007/s12028-019-00773-w

9.	 Koulenti D, Tsigou E, Rello J. Nosocomial pneumonia in 27 ICUs in Europe: Perspectives from 
the EU-VAP/CAP study. Eur J Clin Microbiol Infect Dis 2017;36(11):1999-2006. https://doi.
org/10.1007/s10096-016-2703-z

10.	 Dricken J, Murphy T, Hashmi O, et al. 1089: Ventilator associated pneumonia rates in a trauma 
ICU: The impact of traumatic brain injury. Crit Care Med 2013;41(12):A275. https://doi.
org/10.1097/01.ccm.0000440325.53084.15

11.	 Uçkay I, Ahmed QA, Sax H, Pittet D. Ventilator-associated pneumonia as a quality indicator for 
patient safety? Clin Infect Dis 2008;46(4):557-563. https://doi.org/10.1086/526534

12.	 National Healthcare Safety Network, Centers for Disease Control and Prevention. Pneumonia 
(ventilator-associated [VAP] and non-ventilator-associated pneumonia [PUEU]) event. January 
2024. https://www.cdc.gov/nhsn/pdfs/pscmanual/6pscvapcurrent.pdf (accessed 3 January 2024).

13.	 Ramsamy Y, Muckart DJ, Bruce JL, Hardcastle TC, Han KS, Mlisana KP. Empirical antimicrobial 
therapy for probable v. directed therapy for possible ventilator-associated pneumonia in 
critically injured patients. S Afr Med J 2016;106(2):196-200. https://doi.org/10.7196/SAMJ.2016.
v106i2.9870

14.	 Spalding MC, Cripps MW, Minshall CT. Ventilator-associated pneumonia: New definitions. Crit 
Care Clin 2017;33(2):277-292. https://doi.org/10.1016/j.ccc.2016.12.009

15.	 Pillay RC, Kista Y, Hardcastle TC, Mahomed O. Intensive care unit hospitalisation costs associated 
with road traffic crashes at a central hospital in KwaZulu-Natal for the 2017/18 financial year. 
S Afr J Surg 2021;59(2):47-51. https://doi.org/10.17159/2078-5151/2021/v59n2a3417

16.	 Lee JY, Sul YH, Kim SH, et al. Risk factors for ventilator-associated pneumonia in trauma patients 
with torso injury: A retrospective single-center study. J Int Med Res 2021;49(12):3000605211061029. 
https://doi.org/10.1177/03000605211061029

17.	 Mangram AJ, Sohn J, Zhou N, et al. Trauma-associated pneumonia: Time to redefine ventilator-
associated pneumonia in trauma patients. Am J Surg 2015;210(6):1056-1062. https://doi.
org/10.1016/j.amjsurg.2015.06.029

18.	 Keneally RJ, Peterson TJ, Benjamin JR, Hawkins K, Davison D. Making ventilator associated 
pneumonia rate a meaningful quality marker. J Intensive Care Med 2021;36(11):1354-1360. 
https://doi.org/10.1177/08850666209527663

19.	 Cook A, Norwood S, Berne J. Ventilator-associated pneumonia is more common and of less 
consequence in trauma patients compared with other critically ill patients. J Trauma 2010;69(5):1083-
1091. https://doi.org/10.1097/TA.0b013e3181f9fb51

20.	 Hardcastle TC, Muckart DJ, Maier RV. Ventilation in trauma patients: The first 24 h is different! 
World J Surg 2017;41(5):1153-1158. https://doi.org/10.1007/s00268-016-3530-1

21.	 Torres A, Niederman MS, Chastre J, et  al. Summary of the international clinical guidelines 
for the management of hospital-acquired and ventilator-acquired pneumonia. ERJ Open Res 
2018;4(2):00028-2018. https://doi.org/10.1183/23120541.00028-2018

22.	 Martinez-Reviejo R, Tejada S, Jansson M, et  al. Prevention of ventilator-associated pneumonia 
through care bundles: A systematic review and meta-analysis. J Intensive Med 2023;3(4):352-364. 
https://doi.org/10.1016/j.jointm.2023.04.004

Received 1 March 2024; accepted 4 October 2024.


