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Abstract

Aim: Patients who had a tracheostomy for various reasons have an increased risk of infection due to the artif&
opening. In this study, we aimed to determine the frequency of resistant microorganism colonization isolated
from endotracheal aspirate and the risk factors for colonization in the adult population with tracheostomy in the
palliative care inpatient service.

Methods: Patients with tracheostomy who were hospitalized and followed up in the palliative care service between
April 2022 and August 2023 were retrospectively examined and the microorganisms in aspirate cultures and
antibiotic resistance status were determined.

Results: There were 74 tracheal aspirate cultures obtained from a total of 46 patients. There were 36 (78.3%)
patients who had extensive drug resistance (XDR) or pan drug resistance (PDR) microorganisms in the culture.
While the frequency of resistant colonization was found to be significantly higher in patients hospitalized in
intensive care in the last three months (p = 0.04), no significant relationship was found between other clinical
conditions and comorbidities.

Conclusions: We believe that adherence to isolation practices and appropriate antibiotic use can lower mortality
rates and healthcare expenses in patients being monitored with tracheostomy, where colonization of resistant
microorganisms is common.
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Tracheostomy is an invasive procedure performed to facilitate
airway access in patients who are unable to maintain their airway
due to various conditions such as trauma or severe neurological
damage. This procedure is typically indicated for individuals
requiring prolonged ventilatory support, exhibiting excessive
secretions, necessitating secretion control, and presenting cognitive
impairment or long-term consciousness disturbances.12 It enhances
patient comfort by ensuring respiratory tract safety and aspiration
prevention.34 However, patients undergoing tracheostomy are at an
increased risk of pulmonary infections due to compromised local
defense mechanisms, swallowing dysfunction, and the potential
colonization of microorganisms through the artificial opening.>-7
Overcoming the nasopharyngeal defense barrier, impairment of
mucociliary activity, and increased susceptibility to pulmonary
colonization by microorganisms via microaspirations are
particularly prevalent in bedridden patients with tracheostomies.

In contemporary healthcare, the incidence of infections caused
by resistant microorganisms is steadily rising. The escalating rates
of methicillin resistance in gram-positive staphylococci and the
diminished susceptibility of gram-negative bacilli to broad-

spectrum beta-lactam antibiotics and carbapenems are well-
documented.8-10 Gram-negative microorganisms, especially in
lower respiratory tract infections, exhibit a higher frequency
compared to gram-positives.1112 Gram-negative microorganisms
are important because they worsen prognosis and carry a high risk
of morbidity and mortality, especially in patients hospitalized in
intensive care units.!3-15 These microorganisms pose serious
problems due to the increasing incidence of multidrug resistance
and cause serious infections.1617 The risk of multidrug-resistant
infection also increases in patients with accompanying
comorbidities, in intensive care units, in patients who have used
antibiotics before, and in the presence of long-term central venous
catheters.18

The isolation of resistant microorganisms in aspiration cultures
holds significance due to its correlation with a high likelihood of
hospitalization, prolonged lengths of stay, and increased healthcare
costs. Previous studies have identified factors such as age,
comorbidities, recent hospitalizations within the past three months,
intravenous antibiotic therapy within the last 30 days, and extended
hospital stays as contributors to the colonization of resistant
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microorganisms.19-21 In this study, our objective is to determine the
frequency of resistant microorganism colonization isolated from
endotracheal aspirate cultures in adult patients with
tracheostomies under palliative care and identify the associated risk
factors.

Patients aged 18 and above, who underwent tracheostomy for
various reasons and were admitted to the palliative care service
between April 2022 and August 2023, were retrospectively
included in this study. Patients under the age of 18, those with
incomplete medical records, and those without tracheostomies
were excluded from the study. Deep tracheal aspirate cultures were
routinely obtained from all tracheostomized patients during their
initial admission to the palliative care service. Additionally, control
aspirate cultures were taken in cases of clinical deterioration or
increased secretions during the patient's follow-up. Deep tracheal
aspirate culture samples were aseptically collected using aspiration
catheters and transferred to appropriate culture containers for
laboratory analysis.

Microorganisms cultured from patients' aspirates and their
antibiotic resistance profiles were identified. The terms multi-drug
resistant (MDR), extensively drug-resistant (XDR), and pan-drug
resistant (PDR) were used for antibiotic resistance classification.
The MDR term was used for microorganisms resistant to = 3 classes
of antibiotics, XDR for microorganisms sensitive to only 1 or 2
classes of antibiotics (such as colistin and tigecycline), and PDR for
microorganisms resistant to all antibiotic groups, including colistin
and tigecycline.22

The relationship between tracheostomized patients with
resistant growth in aspirate cultures and their current conditions,
including chronic diseases such as diabetes mellitus (DM),
hypertension (HT), atherosclerotic cardiovascular disease (ASCVD),
atrial fibrillation (AF), cerebrovascular disease (CVD),
acute/chronic kidney injury, malignancy, traumatic cerebral
disease, hypoxic encephalopathy, spinal cord injury, the presence of
malnutrition according to the Nutritional Risk Screening (NRS-
2002) score, the presence of pressure ulcers, the history of intensive
care admission within the last 3 months, the history of intravenous
antibiotic use within the last 1 month, and prolonged hospital stays
exceeding 30 days, was also assessed. Patients with NRS-2002 score
2 3 were considered malnourished according to nutritional
guidelines.23 Ethical approval was obtained from the local ethics
committee prior to the initiation of the study. Retrospective data
retrieval was conducted through the hospital database. Due to the
retrospective design of the study, it was not possible to obtain
informed consent from the patients prior to data collection;
however, all data were anonymized and patient confidentiality was
strictly maintained.

Data analysis was conducted using the SPSS for Windows 24
software package. Descriptive statistics, including mean + standard
deviation for normally distributed variables, median (min-max) for
non-normally distributed variables, and counts (percentages) for
nominal variables, were employed. Patients with XDR and PDR
growths were compared to other patients in terms of comorbidities,
antibiotic usage, history of intensive care admission, and other risk
factors using Pearson's Chi-Square or Fisher's exact test. Results
were considered statistically significant for p<0.05.

https://dergipark.org.tr/en/pub/jocass

Characteristics of Patients Followed with Tracheostomy in the
Palliative Care Service
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Total Total
N=46 N=46
n, (%) n, (%)
Age, median 51.5 . 7
(min-max) (21-92) Subdural Bleeding (15.2)
Sex (female) 14 Intracerebral 5
(30.4)  hemorrhage (10.9)
DM 9 Neurodegenerative 4
(19.6)  Disease (8.7)
HT 13 Hypoxic 15
(28.3)  Encephalopathy (32.6)
11 . } 2
ASCVD (23.9) Spinal Cord Injury (43)
AF 3(6.5) Malnutrition 45
' (97.8)
Chronic Kidney 2 PEG 42
Injury (43) (91.3)
Acute Kidney 10 . 35
Injury (21.7) Decubitus Ulcers (76.1)
. 4 ICU Admission History 43
Ischemic CVD (87) last 3 months (93.5)
Hemorrhagic 3 IV Antibiotic History 44
CVD (6.5) last 1 month (95.7)
: . 1 Prolonged Hospital 42
Solid Malignancy (2.2) Stay (>1 month) (91.3)
Subarachnoid 6 Home Type Mechanical 20
Hemorrhage (13.0)  Ventilator (43.5)

DM: Diabetes Mellitus, HT: Hypertension, ASCVD: Atherosclerotic
Cardiovascular Disease, AF: Atrial Fibrillation, CVD: Cerebrovascular
Disease, PEG: Percutaneous Endoscopic Gastrostomy, ICU: Intensive Care
Unit

A total of 46 tracheostomized patients were followed in the
palliative care service between the specified dates. The median age
was 51.5 (21-92), and 14 patients (30.4%) were female. The most
common comorbidities were HT (28.3%) and ASCVD (23.9%).
Malnutrition was present in 97.8% of patients, and 76.1% had
pressure ulcers. Among the patients, 91.3% were managed with
Percutaneous Endoscopic Gastrostomy (PEG), and 43.5% with
home mechanical ventilators. Hypoxic encephalopathy was present
in 32.6% of patients. A history of intensive care admission within
the last 3 months was observed in 93.5% of patients, intravenous
antibiotic use within the last one month in 95.7%, and a hospital
stay exceeding 30 days in 91.3%. The characteristics of patients
under tracheostomy follow-up are summarized in Table 1. A total of
74 tracheal aspirate cultures were collected. The most frequently
isolated microorganisms were Acinetobacter spp. (37.8%),
Pseudomonas spp. (31.1%), and Klebsiella spp. (28.4%) (Table 2).
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Microorganisms Isolated from Aspirate Cultures and Their
Resistance Characteristics

n: 74 % n: 74 %
Acinetobacter 28 37.8  Escherichia coli 2 2.7
spp.
MDR 2 2.7 MDR 2 2.7
XDR 20 27.0 XDR - -
PDR 5 6.8 PDR - -
Klebsiella spp. 21 28.4 Staphylococcus 6 8.1
spp.
MDR 8 10.8 MDR 2 2.7
XDR 8 10.8 XDR - -
PDR 2 2.7 PDR - -
Pseudomonas  ,5 311 (herst 6 81
spp.
MDR 9 12.2 MDR 2 2.7
XDR 2 2.7 XDR 1 1.4
PDR 1 2.7 PDR 1 1.4

MDR - XDR - PDR Colonization Numbers and Percentages

n (%)
MDR 25 (33.7)
XDR 31 (41.8)
PDR 9 (12.2)

* Proteus mirabilis, Enterobacter, Corynebacterium, Haemophilus influenzae.

Less commonly, E. coli, Staphylococcus, and other microorganisms
were isolated. XDR and PDR growths were separately considered
due to the significant limitation of treatment options because of
antibiotic resistance. XDR growth was presentin 41.8% (31 aspirate
cultures), and PDR growth in 12.2% (9 aspirate cultures). While
XDR or PDR growths were significantly higher in patients with a
history of intensive care admission within the last 3 months (p =
0.04), no significant relationship was found among other clinical
conditions and accompanying comorbidities (Table 3).

In this study, the most frequently isolated microorganisms from
aspirate cultures of patients followed with tracheostomy in the
palliative care service were identified as Acinetobacter,
Pseudomonas, and Klebsiella species. Furthermore, it was

https://dergipark.org.tr/en/pub/jocass

determined that patients with a history of intensive care admission
within the last 3 months had significantly higher rates of XDR and
PDR growth.

Various publications in the literature have indicated the
presence of resistant aspirate cultures in tracheostomized patients.
In a study by Acharya et al. in 2015, comparing tracheal aspirate
cultures taken on the day of tracheostomy with those taken on the
7th day, an increase in colonization frequency of Acinetobacter and
Pseudomonas was observed, although antibiotic resistance was not
evaluated.2¢ Similarly, in a 2020 retrospective assessment by
Segana et al,, conducted on 108 tracheostomized patients admitted
to intensive care units over 10 years, resistant Pseudomonas,
Acinetobacter, and Klebsiella growths were identified, although,
unlike our study, risk factors were not evaluated.2> Lepainteur et al.
2019 observed an increase in the colonization frequency of
Staphylococcus and Pseudomonas in the aspirate cultures of 77
tracheostomized patients, with mechanical ventilation being
prominently identified as a colonization risk factor.20

Risk Factors for Extensively Drug Resistant (XDR) and Pan Drug
Resistant (PDR) Colonization

XDRor PDR  XDR or PDR
) +) p*
n (%) n (%)
Number of Patients
0, 0,
n (%) 17 (%37.0) 29 (%63.0)
Age, median (min- 4 93 70y 55(21.92)  0.82%*
max)
Sex (female) 6 (35.3) 8(27.6) 0.74
DM 4(23.5) 5(17.2) 0.70
HT 4 (23.5) 9 (31.0) 0.73
ASCVD 5(294) 6 (20.7) 0.72
AF 0 3(10.3) 0.28
Chronic Kidney 1(5.9) 1(3.4) 1.00
Injury
Malnutrition 16 (94.1) 29 (100.0) 0.37
PEG 14 (82.4) 28 (96.6) 0.13
Decubitus Ulcer 11 (64.7) 24 (82.8) 0.28
Intensive Care
Admission History 14 (82.4) 29 (100.0) 0.04
IV antibiotic history 15 (88.2) 29 (100.0) 0.13
Prolonged
Hospitalization 14 (82.4) 28 (96.6) 0.13
Home Type
Mechanical 7 (41.2) 13 (44.8) 1.00
Ventilator

DM: Diabetes Mellitus, HT: Hypertension, ASCVD: Atherosclerotic
Cardiovascular Disease, AF: Atrial Fibrillation, PEG: Percutaneous
Endoscopic Gastrostomy

* Fischer’s Exact Test ~ ** Mann-Whitney U
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In a study by Scibik et al. in 2022, similar to our study, an
increase in colonization frequency of Pseudomonas, Acinetobacter,
and Klebsiella was found in aspirate cultures of 45 tracheostomized
patients, and prolonged hospital stay was identified as the most
significant risk factor.2! Considering that the healthcare center
where our study was conducted is a reference tertiary hospital,
patient admissions to our palliative care service are generally from
intensive care units, and broad-spectrum antibiotic treatments are
used in intensive care, it is believed that this contributes to the high
rate of resistant microorganism growth in tracheal aspirate
cultures. The presence of accompanying comorbidities, a high rate
of malnutrition, and prolonged hospital stays are thought to
increase the risk of infection and colonization with resistant
microorganisms in these patients. In a study between 2006 and
2008 involving 119 patients with community-acquired pneumonia
and 238 controls, it was shown that the frequency of hospital-
acquired pneumonia significantly increased in patients with
malnutrition and the Charlson Comorbidity Index >3.26 Another
study involving 322 tracheostomized patients indicated an
increased frequency of lower respiratory tract infections in those
with accompanying comorbidities and longer hospital stays, with
Pseudomonas being the most commonly isolated pathogen after
tracheostomy. Additionally, in these patients, hospital stays due to
infection were prolonged, and there was a significant increase in
healthcare expenditures.2”

Limitations of our study can be identified as single-center
inclusion, the lack of a follow-up, and the absence of information on
whether the growths in aspirate cultures constituted pneumonia. Its
strengths include specifying the accompanying comorbidities,
clinical conditions such as malnutrition, pressure sores, and the
presence of PEG, indicating prolonged hospital and intensive care
unit stays, examining antibiotic susceptibility, and determining
resistance statuses. In addition, most of the similar studies
previously conducted on patients with tracheostomy were
conducted in intensive care units, whereas our study consists of
patients hospitalized in the palliative care service and preparing for
chronic care at home.

In conclusion, the frequent colonization of resistant
microorganisms in aspirate cultures of tracheostomized patients
highlights the importance of adhering to isolation rules, particularly
in intensive care units, and the rational and appropriate use of
antibiotics to reduce the development of antibiotic resistance.
Knowledge of risk factors for colonization will aid in taking
measures to reduce morbidity and mortality and make more
efficient use of healthcare expenditures.

The study protocol was approved by the Ethics Committee of Adana
City Training and Research Hospital Clinical Research Ethics
Committee on August 3, 2023 (Decision No: 2742). All participants
were informed in detail about the study's purpose and procedures,
and written informed consent was obtained from each participant
in accordance with the Declaration of Helsinki.

No artificial intelligence-based tools or generative Al technologies
were used in this study. The entire content of the manuscript was
originally prepared, reviewed, and approved by both authors.
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