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Evaluation of Tracheal Aspirate Cultures of Patients Followed with Home

Mechanical Ventilators

Ev Tipi Mekanik Ventilator ile Takip Edilen Hastalarda Trakeal Aspirat Kiiltiirlerinin

Degerlendirilmesi

Esra AKYUZ OZKAN* Demet GUR VURAL?

oz

Amac: Evde mekanik ventilator (EMV) ile takip edilen hastalarin altta yatan hastaliklari, basvuru sikayetleri, trakeal aspirat (TA)
kiiltiirlerinden alinan 6rneklerden izole edilen mikroorganizmalar ve antibiyotiklere direnglerinin arastirilmasi amaglandi.

Araglar ve Yontem: 1 Ocak 2020 — 1 Ocak 2021 tarihleri arasinda TA kiiltiirleri, bakterilerin tanimlanmasi ve antibiyotik duy-
arliliklart VITEK 2 (bioMeriux, Fransa) otomatik tanimlama sistemi ile degerlendirildi. Hasta dosyalarindan hastalarin yasi, cinsiyeti,
altta yatan hastaliklari, evde ventilator kullanim siireleri, sikayetleri ve laboratuvar verileri incelendi.

Bulgular: Calismada incelenen 91 ventilatdr iliskili pndmoni (VIP) hastalarmin 72'si (%79) erkek ve ortalama yas 91.64 + 64.07 ay
idi. En sik bagvuru nedeni ates ve nefes darligi olup, hastalarin %43.76's1 serebral palsi/epilepsi ve %10.4'i sendrom tanisi aldi.
Orneklerden; 12'si (%13.3) Gram pozitif, 79'u (%86.7) Gram negatif olarak tanimlandi. 44 (%48.4) 6rnekte Pseudomonas aeruginosa,
9 (%9.9) 6rnekte Serratia marcescens, 8 (%38.8) drnekte Klebsiella spp, 12 (%13.3) drnekte Staphylococcus aureus tespit edildi. Karba-
penem direnci Pseudomonas aeruginosa i¢in %18.75, Klebsiella spp igin %16, Escherichia coli igin %12.5 ve Acinetobacter bau-
mannii i¢in %12 idi.

Sonug: Ates ve solunum sikintist gibi enfeksiyon bulgulari ile basvuran EMV hastalardan TA kiiltiirii alinmali ve sonuca gore tedavi
diizenlenmelidir. Evde EMV ile takip edilen hastalarin TA kiiltiirii antibiyotik diren¢ oranlarinin literatiirdeki yogun bakimda yatan
hastalardan gonderilen TA kiiltiirlerine gore daha diisiik oldugu gozlendi.

Anahtar Kelimeler: antibiyotik direnci; evde mekanik ventilasyon; pediatric; trakeal aspirat
ABSTRACT

Purpose: To investigate the underlying diseases, and complaints of patients upon admission, isolated microorganisms from tracheal
aspirate (TA) samples and their resistance to antibiotics in patients followed up with a home mechanic ventilator (HMV).

Materials and Methods: Between January 1, 2020 and January 1, 2021, TA cultures, identification of bacteria and their antibiotic
susceptibilities were evaluated by VITEK 2 (bioMeriux, France) automated identification system. The patients' age, gender, underlying
diseases, duration of home ventilator use, complaints, and laboratory data were reviewed.

Results: Of the 91 prediagnosed ventilator-associated pneumonia (VAP) patients, 72 (79%) were male and mean age was 91.64 £
64.07 months. The most common reason for referral was fever and dyspnea and 43.76% of the patients were diagnosed with cerebral
palsy/epilepsy and 10.4% with syndromes.

Of the samples; 12 (13.3%) were defined as Gram-positive and 79 (86.7%) as Gram-negative. Pseudomonas aeruginosa was detected
in 44 (48.4%) samples, Serratia marcescens in 9 (9.9%), Klebsiella spp. in 8 (8.8%) and Staphylococcus aureus was in 12 (13.3%)
samples. Carbapenem resistance was 18.75% for Pseudomonas aeruginosa, 16% for Klebsiella spp, 12.5 for Escherichia coli and 12%
for Acinetobacter baumannii.

Conclusion: TA culture should be taken from patients with HMV who were admitted with signs of infection such as fever and respir-
atory distress and treatment should be arranged according to the result. It was observed that the TA culture antibiotic resistance rates
of the patients with HMV were lower than the TA cultures sent from the patients hospitalized in the intensive care unit in the literature.
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INTRODUCTION

Tracheotomy, which is a very old surgical procedure, is
applied to open airway obstruction in children, to meet the
need for mechanical ventilation in chronic diseases and for
pulmonary care.! It has been reported that prolonged intu-
bation is the first indication of tracheotomy in children.?
Prolonged hospitalizations due to chronic diseases in in-
tensive care units cause both economic losses and in-
creased in patient burden in intensive care units. There are
advantages to continuing the care of pediatric patients
whose condition has stabilized in intensive care units at

home.

It is known that the number of children receiving home
mechanical ventilation (HMV) has increased in the last 25
years.2 Children are dependent on long-term ventilation for
a variety of reasons, which may include chronic lung dis-
ease due to prematurity, congenital airway malformations,
hypoventilation syndrome, neuromuscular diseases, and

spinal cord injuries.*

According to the physiological abnormalities of the cases
who are candidates for the use of mechanical ventilation at
home can be evaluated in three categories as those with
diseases that increase the respiratory workload as a result
of obstructive and restrictive disorders of the respiratory
system, conditions with respiratory muscle weakness-
pump failure, and those with impaired neurological control

of respiration.®

Ventilator-associated pneumonia (VAP) is the most com-
mon infection acquired in mechanically ventilated pa-
tients.® VAP is associated with longer ventilation duration,
increased risk of morbidity and mortality, and higher

costs.”

Sampling of tracheal aspirate (TA) cultures is the most
widely used noninvasive microbiological diagnostic
method in airway sampling worldwide. The sensitivity of
TA for the diagnosis of VAP varies between 38-100% and
specificity between 14-100%.8 In patients with suspected
VAP, empirical antibiotic therapy should be started with-
out waiting for the culture result.3® Knowing the local
causative bacteria and the antibiotic resistance profile in

the unit for appropriate antibiotic use will both guide em-
pirical antibiotic selection and contribute to reducing re-

sistance rates.®

In this study, we aimed to examine the distribution of mi-
croorganisms isolated as suspected pathogens from TA
cultures and their antibiotic resistance profiles in children
who were followed up at home with mechanical ventilators
and presented to the pediatric emergency department with

signs of infections.

MATERIALS and METHODS

In this study, the culture results of TA samples sent to the
laboratory from patients who applied to the pediatric emer-
gency department of Ondokuz Mayis University Medical
Faculty Hospital and were followed up with HMV be-
tween January 2020 and January 2021 were evaluated ret-
rospectively. The study was approved by the Ondokuz
Mayis University Clinical Research Ethics Committee
(Date: 28/09/2022 and OMU KAEK number: 2022/432).
TA samples were obtained by aspirating using special
catheters designed for sample collection under sterile con-
ditions. The growths obtained from the repeated ETA sam-

ples of the patients were excluded from the evaluation.

Clinical specimens were cultivated on 5% sheep blood
agar and EMB agar media. The cultivated samples were
evaluated after incubation at 37°C for 24 hours. Vitek MS
(BioMérieux, France) automated systems were used to
identify bacterial species and Vitek2 Compact (BioMé-
rieux, France) automated systems were used to determine
antibiotic susceptibility of bacteria. EUCAST (The Euro-
pean Committee on Antimicrobial Susceptibility Testing)
criteria were used to evaluate the antibiotic susceptibility

of the isolates.

The patients' age, gender, underlying diseases, duration of
home ventilator use, complaints, and laboratory data were

reviewed retrospectively from the patient files.

Statistical Analysis

For the analysis of the data, version 25.0 of IBM SPSS
(Statistical Package for the Social Sciences) was used. De-
scriptive statistics were presented as mean (+) standard de-

viation and frequency (n) and percentage (%).
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RESULTS

The identification and susceptibility results of the 91 pre-
diagnosed VAP patients examined in the study, 72 (79%)
were male and 19 (21%) were female. The ages of the pa-
tients ranged from 5 to 212 months, with a mean age of
91,64+64,07 month. The most common reason for referral
was fever and dyspnea and 43.76% of the patients were
diagnosed with CP/Epilepsy and 10.4% with syndromes
(Table 1,2).

Table 1. Primary diseases of pediatric patients followed up with
home mechanical ventilator.

Disease n %
CP/Epilepsy 21 43.76
HIE 2 4.17
SMA 3 6.26
Metabolic diseases 2 4.17
Syndromes 5 10.4
Neurodegenerative diseases 4 8.34
Mitochondrial disease 2 4.16
Infantile spasm 2 4.16
Post arrest 1 2.09
Brain tumor 2 416
Neurometabolic disease 3 6.25
Meningomyelocele 1 2.08

Total 48 100
CP: cerebral palsy, HIE: hypoxic ischemic encephalopathy, SMA: spinal
muscular atrophy

The laboratory findings of the patients are given in Table
3. While 36.2% of the patients had high CRP values, the
rate of WBC elevation was 38.4%.

Table 2. The complaints and laboratory parameters of pediatric
patients followed up with home mechanical ventilator.

Complaint n (%)
Fever 42 (46.2)
Dyspnea 31(34.1)
Tachycardia 4 (4.4)
Restlessness 4(4.4)
Convulsion 6 (6.6)
Desaturation 4 (4.4)
Total 91 (100)
Laboratory parameters Mean+SD
WBC (/uL) 11.8+59
Hemoglobin (g/dL) 11.50 +2.23
Platelet (x109/L3) 287.47 +152.03
Na (mEq/L) 138.05 £ 6.05
K (mEdq/L) 3.95+0.80
BUN (mg/dL) 14.86 + 16.50
Creatinine (mg/dL) 0.47 £0.62
ALT (U/L) 41.26 +36.03
AST (U/L) 29.30 +25.70
CRP (mg/L) 26.91 +34.91
pH 7.40 +0.10
pCO2 40.9 +16.2
Lactate (mmol/L) 2.51+1.72

WABC: white blood cell, K: potassium, Na: sodium, BUN: Blood Urea Ni-
trogen, ALT: Alanine Aminotransferase, AST: Aspartat Aminotransferase,
CRP: C-reactive protein

Table 3. Distribution of bacteria isolated from tracheal aspirate
cultures.

Its of . | q Bacteria n %
TA results of 91 patients were evaluated over a 1-year pe- Pseudomonas aeruginosa a4 184
riod. Of the samples; 12 (13.3%) were defined as Gram- Klebsiella spp. 8 8.8
. . Staphylococcus aureus 12 133
positive and 79 (86.7%) as Gram-negative. Pseudomonas Escherichia coli 4 44
: . . Acinetobacter b i 4 44
aeruginosa was detected in 44 (48.4%) samples, Serratia Pgtr;eug r:icr:t:i"zumannn 1 1
marcescens in 9 (9.9%) and Klebsiella spp in 8 (8.8%) Serratia marcescens 9 9.9
Moraxella catarrhalis 1 1
samples. Staphylococcus aureus was detected in 12 Others 8 8.8
. Total 91 100
(13.3%) samples (Table 3). The resistance rates of the de-
tected Gram-negative and Gram-positive microorganisms
to various antibiotics are given in Table 4.
Table 4. The resistance to antibiotics in gram-negative and gram-positive bacteria isolated from tracheal aspirates (%).
Gram Neg. Amikacin Meropenem  Piperacillin tazobactam  Ceftazidime Ciprofloxacin Cefepime
P. aeruginosa 6.2 18.75 31.25 125 18.75 125
A. baumannii 33 33 125 52 33 22
E.coli 25 125 22 25 32 32
Klebsiella spp. 16 16 66 72 50 75
S. marcencens 10 22 125 12 33 125
P. mirabilis 4 25 25 25 50 50
M. catarrhalis 0 0 0 0 0 0
Gram Pos. Penicillin Teicoplanin Vancomycin Linezolid Trimethoprim Ciprofloxacin
sulfamethoxazole
S. aureus 88 0 0 0 0 4
the world, especially in developed countries.! In a study
DISCUSSION

The practice of mechanical ventilation at HMV is an ap-

plication that is becoming increasingly common all over

conducted in England, it was reported that while the num-
ber of children followed up with HMV dependency was 35
in 1990, this number reached 933 in 2008.1! While there
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were only 13 HMV dependent and 2 tracheotomy pediatric
patients in the follow-up of home health services in Sam-
sun in 2015, it was increased to 25 pediatric patients, 23
HMV dependent and 2 tracheotomies, in June 2019.1?
Gowans et al.'® found in their study that there was little
change in the prevalence of children who underwent inva-
sive HMV between 1996 and 2004 in Utah (5.0/100.000 in
1996 and 6.3/100.000 in 2004) and they reported the mean
age of the children was 6.5 months when their HMV was
started. The most common HMV indications were; abnor-
mal respiratory control (47%), chronic lung disease (25%),
airway anomalies (16%) and neuromuscular weakness
(13%) in the same study.®

In this study, the mean age at which patients started to use
HMV was 38+49 months (2-168 months) and the most
common indications were cerebral palsy/epilepsy and syn-

dromes.

Ertugrul et al.,'* in their study they analyzed the results of
61 patients who underwent EMV; found that 60% of these
patients were younger than 12 months, with a mean age of
8.5 months (2-196 months). They determined that the de-
cision to apply EMV was made in the most common neu-
romuscular and central nervous system diseases (94%).
Can et al.’s reported the most common indication for tra-
cheostomy less than 1 year of age was neuromuscular dis-
eases (42.4%) and neurological diseases (63.3%). Palfrey
et al.’® evaluated 117 pediatric patients; 31.3% of them had
congenital anomalies, 27.3% had organ failure, 16% had
perinatal disease, 13.3% had neurological disease and 12%

had motor mental retardation syndrome (MMR).

In a review of the literature on complications developing
in children who had tracheostomy in the last 30 years; in
order of decreasing frequency, the most common compli-
cations were reported to be granuloma formation, infec-
tion, cannula occlusion, involuntary decannulation, and
tracheocutaneous fistula development after decannula-

tion.Y’

The risk of developing pneumonia is 6-20 times higher in
mechanically ventilated patients. VAP develops in 8-28%
of mechanically ventilated patients, and the mortality rate
has been reported as 20-71%.'8 The general conditions of

the patient, the underlying disease, the length of hospital

stay play an important role in the development of VAP and
increase mortality. The characteristics of the causative mi-
croorganisms also affect mortality. Invasive methods ap-
plied to the patient are effective in the development of in-
fection. However, the most important factor in the devel-

opment of VAP was aspiration.*®

In our study, the distribution of possible VAP agents were
P. aeruginosa (48.4%), S. aureus (13.3%), S. marcescens
(9.9%), Klebsiella spp (8.8%), A. baumannii (4.4%), E
coli (4.4%).

When the literature was reviewed, it was seen that VAP

studies articles were made in intensive care units mostly.

The distribution of bacteria isolated from TA samples sent
from intensive care unit (ICU) patients was P. aeruginosa
(12-36%), A. baumannii (7-31%), S. aureus (13-25%),
Klebsiella spp (4%-8), E. coli (5-7%).%° In the study of
Chawla et al.? in Asian countries, while A. baumannii was
the main cause of VAP in ICUs, methicillin-resistant S.
aureus (MRSA) was not seen as a big problem in western
countries. However, in addition to the publications that
draw attention to the high frequency of MRSA in Korea
and Thailand, there are also publications reporting a 46%

higher incidence of Acinetobacter infections in Thailand.??

Especially in recent years, high rates of carbapenem re-
sistance have been observed in Acinetobacter, Pseudomo-
nas, and Klebsiella species.?® Tartar et al.?* found car-
bapenem resistance in Acinetobacter, Klebsiella, P. aeru-
ginosa and E. coli species as 97.7%, 58.4%, 70.9% and
20%, respectively. In current study carbapenem resistance
was 18.75% for P. aeruginosa, 16% for Klebsiella spp,
12.5 for E.coli and 12% for Acinetobacter baumannii. In
the study of Dede et al.,>> meropenem resistance in P. ae-
ruginosa obtained from TA samples sent from patients in
the ICU was found to be 20%. In other studies, this rate

was found to be between 27-69% .20.26

In current study amikacin resistance was found as 6.2% for
P. aeruginosa. In national studies, amikacin resistance has
been reported at a rate of 22-69%.2%% In our study, re-
sistance to piperacillin-tazobactam, cefepime and
ceftazidime was 31.25, 12.5 and 12.5 respectively. In other

studies, resistance to piperacillin tazobactam was 27-70%,
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cefepime 20% and ceftazidime resistance was 27-80%.
Ciprofloxacin resistance was 18.75% in our study and 42-
75% in other studies.?>% The reason why our resistance
rates are lower than other studies is because our patients

are followed up at home.

High morbidity and mortality rates detected in MRSA in-
fections increase the importance of these infections. In
studies conducted in our country, the rates of MRSA iso-
lated from TA samples were reported to be between 11.4-
60%.%527 The MRSA rate in our study was 88%, which

was similar to the literature.

In conclusion; TA culture should be taken from patients
with HMV who were admitted with signs of infection such
as fever and respiratory distress and treatment should be
arranged according to the result. It was observed that the
TA culture antibiotic resistance rates of the patients fol-
lowed up with HMV was lower than the TA cultures sent
from the patients hospitalized in the intensive care unit.
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