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ABSTRACT

Objective: Tracheostomy is essential for long-term ventilator patients, but can lead to serious infections like ventilator-associated pneumonia, increasing
morbidity and mortality. This study examines microorganisms in endotracheal aspirates from ICU patients with tracheostomies, assessing antibiotic suscep-
tibility and clinical outcomes.

Materials and Methods: Endotracheal aspirate samples taken from 149 patients treated in Anesthesia and Surgical Intensive Care Units between January 15,
2017 and December 15, 2021 were included in this retrospective study. Endotracheal aspirate samples of 50 patients before tracheostomy, patients' age, gender,
body mass index, admission diagnosis, length of stay in the Intensive Care Unit, Glasgow coma score, Acute Physiology and Chronic Health Evaluation Il score,
and risk factors for colonization were recorded.

Results: Before tracheostomy, colonization was detected in 42% of patients. The most common microorganisms were Acinetobacter baumannii (40.5%),
Pseudomonas aeruginosa (19%), and others (40.5%). A total of 184 pathogens were identified. Colonization with 4 pathogens was observed in 2 patients, 3
pathogens in 8 patients, 2 pathogens in 43 patients, and a single pathogen in 72 patients. Additionally, 13 different microorganisms were isolated from endo-
tracheal aspirate cultures, with Acinetobacter baumannii (38.6%), Pseudomonas aeruginosa (18.5%), and Serratia marcescens (8.1%) being the most frequent,
while other microorganisms accounted for 34.8%. The overall mortality rate of patients with colonization was 60.5%, with the highest mortality observed in
the group with Acinetobacter baumannii detected in endotracheal aspirate cultures (41.2%). This group also had a higher incidence of ischemic or hemorrhagic
cerebral damage (62.3%).

Conclusion: The prevalent microorganisms in our tracheostomy patients were Acinetobacter baumannii and Pseudomonas aeruginosa, which were found to
be 100% sensitive to colistin upon examination of their antibiotic susceptibility. The group of patients affected by Acinetobacter baumannii had the highest
mortality rate compared to other groups, and the diagnosis of ischemic/hemorrhagic brain disease occurred in this group with the highest mortality rates.
Further comprehensive studies are warranted to explore the impact of expanding tracheostomy with a ventilator on mortality in intensive care patients, and
we anticipate that our research can guide the selection of targeted antibiotics.
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INTRODUCTION pneumonia may develop in patients.! This may cause in-

Tracheostomy applications are necessary for long-term creased morbidity and mortality in patients.

ventilator-dependent patients in the intensive care unit The Llength of stay in the ICU is prolonged with the increase
(ICU). However, serious infection and colonization may oc- in chronic respiratory diseases, malignancies, use of immu-
cur after tracheostomy. As a result, ventilator-associated nosuppressive agents and broad-spectrum antibiotics. It
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causes infections caused by opportunistic pathogens to oc-
cur more frequently in ICUs.>4 These infections, which oc-
cur through multidrug-resistant microorganisms, require a
comprehensive diagnosis. And, additional costs increase in
the treatment of these infections.® The frequency and resis-
tance characteristics of infectious agents in ICUs may differ
even in different ICUs of the same hospital. Bacteria isolated
from long-term tracheostomized patients and their antibiot-
ic susceptibility are important for clinicians.

In this study, the microorganisms grown in the endotra-
cheal aspirate (ETA) samples of the patients followed in the
tracheostomized state in the Anesthesiology and Surgery
ICU and the investigation of the antibiotic susceptibility of
these microorganisms; in addition, it was aimed to evalu-
ate the antibiotic susceptibility of microorganisms with the
clinical course of the patients.

MATERIALS and METHODS

This retrospective descriptive, cross-sectional study was
conducted with the approval of the Non-Invasive Clinical
Research Ethics Committee (Decision no: 2021/140). ETA
samples sent to the Medical Microbiology Laboratory of 149
patients who were followed up as tracheostomized in Anes-
thesia ICU and Surgical ICUs between 15 January 2017 and
15 December 2021 were included in the study. ETA cultures of
the patients, if any, were recorded before tracheostomy. ETA
cultures were taken from the tracheostomy cannula with the
help of an aspiration tube. Clinical specimens were cultivat-
ed on media by counting and dilution methods. The media
were incubated aerobically in an incubator at standard tem-
perature (36+1°C) for 1-2 days. After Gram-staining, bacteria
were identified by conventional microbiological methods and
VITEK 2 compact automated system (BioMerieux, France).
The European Committee for Antimicrobial Susceptibility
Tests (EUCAST, 2017) was referenced for the evaluation of
antibiotic resistance profiles of strains.

Age, gender, body mass index, hospitalization diagnosis,
ICU length of stay, Glasgow coma score, Acute Physiology
and Chronic Health Evaluation (APACHE) Il score, and risk
factors for colonization of the patients included in the study
were examined and recorded. As risk factors; trauma, im-
munosuppressive status, use of broad-spectrum antibiotics,
hemodialysis, blood transfusion, presence of neutropenia,
previous abdominal surgery, nutritional status with total
parenteral nutrition, and presence of invasive intervention
(mechanical ventilation, central catheter, bladder catheter,
surgical resistance) were investigated. Patients with a hospi-
talization period of fewer than seven days in the ICU, patients

with a history of recurrent ICU stays in the last two months,
patients younger than 18 years of age, patients with a diag-
nosis of fungal infection at the time of admission to the ICU,
and strains detected in re-cultures of the same patient were
excluded from the study.

The necessary patient consents were acquired upon their
admission to the intensive care unit. The data analyzed in
this retrospective study originated from cultures routinely
procured from patients and subjected to bacterial growth
control testing at the Medical Microbiology and Clinical Mi-
crobiology Laboratory.

Statistical Analysis

IBM SPSS v21 (SPSS Inc., Chicago, IL, USA) software was
used for statistical evaluation. Categorical variables were
expressed as numbers and percentages, and descriptive data
for continuous variables were expressed as mean and stan-
dard deviation. Z test was used to compare the ratios.

Since the study was conducted retrospectively, a post-hoc
power analysis was carried out using the G*Power 3.1.9.7
program (Heinrich Heine Universitat, Disseldorf, Germany).
 This analysis revealed that the sample size of 140 individ-
uals yielded a power value of 1.0, assuming an effect size of
0.9 and a type 1 error value of 0.05.

All stages of our study were conducted in accordance with
the Declaration of Helsinki.

RESULTS

The data of 202 patients who underwent percutaneous dil-
atational tracheostomy (PDT) in our ICUs between 2017 and
2021 were analyzed retrospectively. While the mean age
of the patients was 72.5+10.2 years, 96 (64.4%) were male
and 53 (35.5%) were female. A total of 149 patients had ETA
cultures. The mean Acute Physiology and Chronic Health
Evaluation: APACHE Il scores at the time of collection of
ETA cultures were 27.3+8.1 and the Glasgow Coma Score
mean was 7.5+3.5. The population of the study consisted of
patients who were admitted to the ICU with 33.7% from the
second-line ICU, 28.8% from the emergency services and
375% from other services. The comorbid diseases of the
patients are mostly diabetes mellitus (51.2%), hypertension
(28.1%), and chronic obstructive pulmonary disease (20.7%).
Mortality of all patients with growth detected in the study
was found to be 60.5%. Among this group, the group with
the highest mortality was Acinetobacter Baumannii in ETA
culture (41.2%). The diagnosis of ischemic or hemorrhagic
cerebral injury was higher in this group with Acinetobacter
Baumannii (62.3%). Mean days of stay in ICU mechanical
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ventilation for these patients were 57.2+31.2 days. The mean
total days spent in the ICU were determined to be 62.2+15.5
days. It was determined that the tracheostomy opening time
of the patients was 12.3+6.8 days compared to the day they
were admitted to the ICU. PDT was applied to 37.2% of the
patients in the early (<10 days) and 62.8% of the patients in
the late (>10 days) period.

ETA cultures of 50 patients were analyzed before tracheosto-
my. Bacterial growth was detected in 42 of them. The most
common microorganisms found to reproduce were Acineto-
bacter baumannii (40.5%), Pseudomonas aeruginosa (19%)
and others (40.5%), respectively. ETA cultures were collect-
ed from 149 patients; growth was detected in 125 of them,
normal flora agents were found in 12, and contamination
was found in the remaining 12. A total of 184 agents were
identified. While 4 factors were determined in 2 patients, 3
agents were found in 8 patients, 2 agents were found in 43
patients, and single agent growth was found in 72 patients.
In addition, 13 different microorganisms were isolated in ETA
cultures. The most common microorganisms were Acineto-
bacter baumannii (38.6%), Pseudomonas aeruginosa (18.5%)
and Serratia marcescens (8.1%), while 34.8% were other mi-
croorganisms (Table 1).

In terms of antibiograms, 100% of Acinetobacter baumannii
was resistant to Ceftazidime, Levofloxacin, Meropenem, Pip-
eracillin-Tazobactam, Piperacillin, Ciprofloxacin, Imipenem,
Tigecycline. While it was resistant to Amikacin at a rate of
88.7%, to Gentamicin at a rate of 94.4%, it was 100% sensitive
to Colistin. Pseudomonas aeruginosa was resistant to Amik-
acin, Ceftazidime, Levofloxacin, Meropenem, Piperacillin-Ta-

Table 2. Antibiotic resistance rates in gram-negative bacteria (%)

Table 1. Isolated bacterias

Bacteria Frequency Ratio (%)
Pseudomonas Aeruginosa 34 18.48
Acinetobacter Baumannii 71 38.59
Stenotrophomonas Maltophilia 4 2.17
Klebsiella Oxytoca 3 1.63
Burkholderia Cepacia 13 7.07
Serratia Marcescens 15 8.15
Staphylococcus Aureus 10 5.43
E. Coli 9 4.89
Klebsiella Pneumonia 11 5.98
Proteus spp. 3 1.63
Candida Albicans 2 1.09
Enterobacter spp. 8 4.35
Haemophilus influenzae 1 0.54
Total 184 100.00

zobactam, Piperacillin, Ciprofloxacin, Imipenem by 11.8%,
50%, 44.1%, 47.1%, 57.6%, 58.8%, %32.4 and %44.1 respec-
tively. However, it was 100% sensitive to Colistin. Antibiotic
resistances of other microorganisms are listed in Table 2.

DISCUSSION

The most commonly grown microorganisms in ETA cultures
were Acinetobacter baumanii (38.6%), Pseudomonas aerugi-
nosa (18.5%) and Serratia marcescens (8.1%). It was deter-
mined that Acinetobacter baumanii and Pseudomonas aeru-
ginosa were 100 % sensitive to colistin but highly resistant to
other antibiotics. Mortality was highest in the patient group

Antibiotic Acinetobacter Pseudomonas Serratia E. Coli Klebsiella Enterobacter
Baumannii Aeruginosa Marcescens (n=9) Pneumonia spp.
(n=71) (n=34) (n=15) (n=11) (n=8)
Amikacin 88.7 11.8 0 0 71 0
Ceftazidime 100 50 133 333 64.3 50
Cefepime - 39.4 0 333 50 25
Gentamicin 94.4 324 0 0 71 0
Colistin 0 0 0 71 0
Levofloxacin 100 441 0 44.4 57.1 0
Meropenem 100 471 0 0 214 0
Piperacillin-Tazobactam 100 57.6 - 333 64.3 375
Ciprofloxacin 100 324 0 44.4 57.1 125
Imipenem 100 441 71 0 14.3 0
Tigecycline 8.5 - - - - -
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caused by Acinetobacter baumanni compared to the groups
with other factors. There was a diagnosis of ischemic/hem-
orrhagic cerebral injury hospitalization in this patient group.
The causative microorganisms of patients with tracheostomy
are examined in ICUs. Cader et al.” conducted a study in order
to determine the bacterial species colonizing the tracheosto-
my tube, antibiotic susceptibility and resistance in patients
with tracheostomy. The most common microorganism isolat-
ed from the tracheostomy tube in the study was Pseudomo-
nas aeruginosa. Bacteria were most resistant to ciprofloxacin,
while most bacteria were susceptible to imipenem and pip-
eracillin-tazobactam. Acharya et al.® collected tracheal swab
samples from 30 adult tracheostomized patients and report-
ed that these samples were heavily colonized by Pseudomo-
nas aeruginosa, Acinetobacter anitratus, and Staphylococcus
aureus. A study evaluating 20 patients under 18 who were
tracheostomized patients reported that 90 % of the patients
had a positive microbiological culture and the most common
microorganisms were Pseudomonas aeruginosa (55.5%) and
Staphylococcus aureus (27.7%). It was also concluded that
routine access to tracheal secretion cultures by Brazilian
children and adolescents may help guide antibiotic use.” An-
other study evaluated tracheostomy-dependent pediatric pa-
tients with a positive respiratory culture for Stenotrophomon-
as maltophilia. The patients were divided into 2 groups those
who received antibiotic treatment for this agent and those
who did not. However, there was no significant difference in
terms of hospital stay in both groups.t® In our study, the most
commonly grown microorganisms in the tracheal aspirates
of our patients with tracheostomy were Acinetobacter bau-
manii, Pseudomonas aeruginosa and Serratia marcescens. In
patients with tracheostomy who stay in ICUs for a long time,
more appropriate antibiotics can be preferred by evaluating
the reproducing factors. Length of hospital stay and mortality
rates can be reduced. In addition, tracheal swab aspirates of
our patients can be taken to determine the profile of microor-
ganisms that may be causative. Ultimately, this agent profile
may contribute to the selection of appropriate antibiotics.

Tracheostomy is a surgical procedure that is generally per-
formed in ICUs to avoid complications of prolonged mechan-
ical ventilation. It has advantages such as easy removal of
tracheobronchial secretions, facilitating weaning from the
mechanical ventilator, and early oral feeding.!' However,
ventilator-associated pneumonia (VAP) (hospital-acquired
pneumonia without pneumonia during intubation but occur-
ring 48 hours after endotracheal intubation) is an important
cause of morbidity and mortality in ICUs.'** The effect of
tracheostomy time on the development of VAP remains un-

clear. While there are studies suggesting that it may increase
the development of VAP there are also studies stating
the opposite.”*¥ In our study, the mortality rate was high-
est in the patient group in which Acinetobacter baumannin
was the causative agent, compared to the groups with other
causative agents. There was a diagnosis of ischemic/hemor-
rhagic cerebral injury hospitalization in this patient group.

The incidence of VAP in patients with tracheostomy in ICUs is
reported to be between 6% and 26%.™ Studies have shown
that the time between tracheostomy and VAP formation dif-
fers from each other. According to the research carried out
by Nseir et al.,™ which involved 177 individuals, tracheos-
tomy was executed on 72% (128/177) of the patients after 7
days of commencing mechanical ventilation (MV). 178 VAP
episodes were observed in 124 patients (84% of which were
late-onset VAP). VAP occurred in 69 patients after tracheos-
tomy was opened. In this study, neurological disorders and
antibiotic use during the stay in the intensive care unit were
found to be independent risk factors that increase VAP.

In addition, it has been reported that tracheostomy is an inde-
pendent risk factor that reduces the risk of VAP. On the other
hand, Kim et al.® investigated the effects of early and late
tracheostomy in patients undergoing decompressive surgery
and reported that early tracheostomy in patients with severe
brain injury reduced the recommended antibiotic dose for
the treatment of VAP. In a prospective study in which 62 pa-
tients with severe head trauma were divided into 2 groups
early tracheostomy and prolonged endotracheal intubation,
no difference was found between pneumonia and mortali-
ty rates.”!! Perez-Losada et al.?? prospectively collected 127
tracheal aspirates from 20 acute respiratory tract infections
and 20 healthy patients at four consecutive times to compare
the diversity and temporal dynamics of microbiota sampled
directly from the trachea via tracheostomy in patients with
and without lower respiratory tract infection. They found that
the structure of the tracheal microbiota and the normalized
distribution of Haemophilus, Pseudomonas, Corynebacteri-
um, and Acinetobacter differed significantly depending on
whether individuals developed lower respiratory tract infec-
tions. They also showed that the tracheal microbiota diver-
sity did not change significantly during the meteorological
seasons. Yildirim et al.?? stated that despite the known ad-
vantages of tracheostomy applications, the risk and timing
of VAP are still controversial today. However, they reported
that early tracheostomy is recommended for patients who
are expected to be intubated for more than 2 weeks. Micro-
organisms grown in ETAs of our patients before and after
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tracheostomy were similar. Many predisposing factors, such
as the differences in tracheostomy application times and the
length of stay in MV for patients with high co-morbidity, may
be effective in this result. In addition, as a result of our study,
we would like to state that tracheostomy applications did not
cause any improvement in infection rates.

The microorganisms responsible for causing infections can
vary depending on factors such as the patient population in
ICUs, the duration of their stay in the ICU, and comorbid dis-
eases. It was reported that the most frequently detected mi-
croorganisms were Pseudomonas aeruginosa, Staphylococ-
cus aureus, Enterobacteriaceae and Acinetobacter baumanii
in our country.?? In a study in which a tracheostomy-associ-
ated Acinetobacter baumannii outbreak was reported, it was
stated that a procedure such as tracheostomy, which aims
to reduce the risk of nosocomial infection, may predispose
to infection due to non-compliance with basic infection con-
trol practices.” In a study investigating bacterial biofilms in
tracheostomy tubes, biofilm positivity was reported in 57% of
the isolates, while in other studies more than 60% bacterial
biofilm formation was found at similar rates. On the other
hand, there are studies reporting that biofilm formation rates
are 73%, 90% and 95% in medical prostheses.”3% Raveendra
et al.B! stated that they identified Acinetobacter baumannii
(45%) as the most common biofilm-forming organism. Like-
wise, Gil-Perotin et al.* reported that most of the bacteria
isolated in their study were Acinetobacter baumannii and
Pseudomonas aeruginosa. They have commonly isolated
these agents from tracheostomy tubes and ventilator filters.
Of these microorganisms, Acinetobacter baumannii was the
most common multidrug-resistant organism and was sus-
ceptible to carbapenem and colistin. Pseudomonas auregi-
nosa was sensitive to imipenem and amikacin®34 Consistent
with the literature, the most common reproducing agent in
our study was Acinetobacter baumannii. It was only sensitive
to colistin. Regional differences, factors in ICUs with different
patient populations, and antibiotic resistance mechanisms
should be considered. The lack of personnel in ICUs and the
inadequate implementation of the recommendations of the
infection control committee may have caused this result.

We have the capability to diagnose VAP by utilizing the Clin-
ical Pulmonary Infection Score in our patients who have
shown signs of growth. Additionally, we have the ability to
detect the microorganisms that are responsible for causing
VAP. Moreover, we can conduct research to examine the cor-
relation between the timing of tracheostomy (early or late)
and VAP occurrence in our patients.
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CONCLUSION

The most commonly grown microorganisms in our patients
with tracheostomy were Acinetobacter baumannii and Pseu-
domonas aeruginosa. These agents, whose antibiotic sus-
ceptibilities were examined, were found to be 100% sensi-
tive to colistin. Mortality was highest in the patient group
in which Acinetobacter baumannii was the causative agent,
compared to the groups with other causative agents. There
was a diagnosis of ischemic/hemorrhagic cerebral injury
hospitalization in this patient group. However, more com-
prehensive studies can be conducted to investigate the ef-
fects of tracheostomy on VAP and mortality in intensive care
patients. We believe that our study can be a guide for the
selection of targeted antibiotics.
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