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Objective: identify the risk factors of ventilator-associated pneumonias in newborns after cardiac surgery with
cardiopulmonary bypass.

Methods: 39 patients of neonatal age with congenital heart diseases who underwent cardiac surgery and who were on
mechanical ventilation for more than 24 hours in the postoperative period were included in this study.

Results: during this investigation 39 patients were examined. The strains of microorganisms that most often cause
ventilator-associated pneumonia in newborns have been found: Pseudomonas aeruginosa, Klebsiella pneumoniae,
Enterococcus faecalis. Patients who are on artificial ventilation for more than 72 hours, and those who undergo
surgery with a high level of complexity, are more likely to develop pneumonia.

Conclusions: Newborns after cardiac surgery with cardiopulmonary bypass with ventilator-associated pneumonia
have a longer stay in the intensive care unit.

Key words: ventilator-associated pneumonia, nosocomial infections, antibiotics, newborns, cardiac surgery,
cardiopulmonary bypass, congenital heart disease.

Ventilator-associated pneumonia (VAP) is the main mortality rate of this category of children. The statistical
cause of complications and prolongation of the postoperative data indicate that morbidity and mortality of patients in
period, they are especially dangerous for neonatal patients cardiosurgical ICU is up to 16—31% higher than it is in
after heart surgery, as they cause a high incidence and patients of general ICU departments [1—6].
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It has been established that VAP belong to nosocomial
infections that may occur during the stay of patients in the
intensive careunit [4, 5, 7]. Ventilator-associated pneumonia
is defined as a nosocomial pneumonia that occurs within 48
hours after the beginning of mechanical ventilation. They
make the 20% of all nosocomial infections that can develop
in patients in the department of PICU. The contingent
of cardiosurgical patients has a high incidence of VAP
(2.9-21.6/1000 days of mechanical ventilation) compared
to patients of the general ICU (2.9—11.6/1000 days of
mechanical ventilation). The presence of VAP in patients
of the department of PICU leads to an extended duration
of stay in the ICU, prolonged ventilation of the lungs and is
associated with an increased level of lethality [4].

The National Nosocomial Infection Surveillance
(NNIS) has established the main criteria for VAP diagnosing
in children at <1 year of age:

e worsening of gas exchange rates (saturation <94%),

e temperature instability for no apparent reason,

e leukopenia (<4°+10°/1) or leukocytosis (>15<10°1),
increase of band neutrophils >10%),

e appearance of purulent sputum or change in the nature
of sputum or an increase in the number of secretions
from the respiratory tract,

e tachypnea or apnea, shortness of breath, chest wall
involvement during breathing,

e wheezing,

e cough,

e bradycardia (<100 beats per minute) or tachycardia
(>170 beats per minute),

e X-ray signs: new infiltrative foci or spread of existing
infiltrative foci, cavitation, consolidation, pneumatocele [7].
The possible risk factors for VAP include: younger age

at the time of surgery, presence of concomitant genetic
syndromes, a high level of complexity of surgical intervention
according to the Risk Adjusted Congenital Heart Surgery
Score (RACHS-1), longer duration of surgery and a longer
duration of extracorporeal circulation, an extended stay in
the ICU and delayed sternum closure in patients [1—7].

It was established that cardiac surgery with
cardiopulmonary bypass leads to the activation of the
pro-inflammatory mechanisms of the immune system.
The main reasons are: contact of patient’s blood with the
components of the extracorporeal circulation machine,
trauma due to ischemia and reperfusion, surgical trauma.
These factors damage the function of the immune system,
since they lead to a decrease in the number of lymphocytes,
and decrease the function of neutrophils. The compromised
immune system directly correlates with the frequency of
onset and development of such postoperative complications
as the systemic inflammatory response syndrome, sepsis
and multiple organ failure [3, 7, §8].

Objective. Identify the risk factors for ventilator-
associated pneumonia in newborns after cardiac surgery
with cardiopulmonary bypass, and isolate strains

of microorganisms that ventilator-associated
pneumonias in newborns.

Materials and methods. From January 2015 to January
2017 in the Amosov National Institute of Cardiovascular
Surgery 540 patients with congenital heart defects were
operated with cardiopulmonary bypass, 39 of them were
neonates staying on mechanical ventilation for more
than 24 hours during the postoperative period, these
patients were included in a retrospective case-control
study.

The main factor in the selection of patients was long-
term ventilation (>24 hours) in the postoperative period.
For all patients, only the first episode of pneumonia was
analyzed. The diagnosisofventilator-associated pneumonia
was made according to NNIS criteria. The mean age of
the patients was 7.0 [6 to 8] days. The average weight of
patients was 3.2 [3.2—3.3] kg. Exclusion criteria included
patients with positive bacteriological examination of blood
and swabs from the nasopharynx, or primarily infected
with non-sterile cultures at the time of hospitalization,
premature neonates, patients who had pneumonia in the
preoperative period. General characteristics of patients are
presented in table 1.

During this study, the patients were divided into two
groups: a control group (21 patients) without ventilator-
associated pneumonia in the postoperative period and
a study group (18 patients) with ventilator-associated
pneumonia.

Clinical examination of patients was carried out by
means of objective and instrumental diagnostic methods
using Drager Infinity Delta monitor, as well as laboratory
examination methods: general and biochemical blood

cause

Table 1

Characteristics of patients

Characteristics Value
Age (days, Me [Q,.; Q,.]) 7,0 [6-8]
Weight (kg.,Me [Q,; Q..]) 3,2 [3,2-3,35]

Sex: boys (n, %)
girls (n, %)

24 (61,5%)
15 (38,5%)

PRISM Score (M+SD) 5,625
RACHS-1 Score (MSD) 4,15 #0,9
Bypass time (min., M*SD) 216,6*46,5
Cross-clamp time (min., M*SD) 97,029,1
Delayed sternal closure (n, %) 12 (31%)
Reoperation (n, %) 15 (38%)
Mechanical ventilation duration (days, Me 2[1,7-6,0]
[Q,s: Q,])

Duration of stay in the ICU (days, M*SD) 24,2133
Mortality (n, %) 2 (5%)

*Statistical abbreviations: n — number of patients, M — mean value;
SD — standard deviation; p — significance value; Me — median, [Q
Q,;] — interquartile range
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analysis. A specialized examination included X-ray
employing a portable X-ray device Ziehm Vision RFD and
fibrobronchoscopy by bronchoscope FB-8V Pentax.

The material for cultures was taken from: the upper
respiratory tract, the flushing after bronchoscopic
examination. The material was analyzed in the Institute’s
microbiological laboratory.

Statistical analysis of data was carried out using the
computer program SPSS v. 17 (Statistical Package for the
Social Sciences, USA). The distribution of data according to
the normal law was verified using the Kolmogorov-Smirnov
test. When comparing two linked samples, the Student’s t-test
for connected samples (Paired Samples T-test) was used,
and the Correlate Bivariate Pearson correlation was applied
when two independent samples were compared. Differences
were considered significant at p<0.05. The level of risk was
established with a confidence interval (CI) of 95%.

Results and discussion. During the study, the correlation
between the occurrence of ventilator-associated
pneumonia and the following factors was analyzed: age
of patients, weight, sex, Pediatric Risk Mortality Score
(PRISM) during the first 24 hours after hospitalization,
the complexity of surgical intervention according to the
RACHS-1 scale, the duration of extracorporeal circulation,
the duration of the cross-clamp time during the perfusion
period, the delay in the sternum closure, reoperation, the
duration of mechanical ventilation in the postoperative

Table 2
Results of bacteriological culture of sputum from the trachea
in patients of the study group with VAP

Microorganism % patients

Pseudomonas aeruginosa 25,0%
Klebsiella pneumoniae 16,7%
Enterococcus faecalis 16,7%
Klebsiella oxytoca 8,3%
Acinetobacter baumannii 8,3%
Acinetobacter iwofii 8,3%
Staphylococcus aureus 8,3%
Staphylococcus epidermidis 8,3%
Negative cultures 0%

period, the length of stay in the ICU, administration of
empirical antibiotic therapy in the preoperative period
since hospitalization, lethality.

Material for bacteriological cultures were taken from all
patients, the results of microbiological analysis of cultures
from the upper respiratory tract in newborns with VAP are
presented in table 2.

As it can be seen from table 2, the most common
pathogens of VAP in newborns are Pseudomonas aeruginosa,
Klebsiella pneumoniae, Enterococcus faecalis.

Table 3
Statistical characteristics of patients with VAP and patients without VAP
Characteristics Patients with VAP Patients without VAP p
(n=18) (n=21)
Age (days,Me [Q.,; O..]) 7,0 [5,5-10,1] 7,0 [6,0-8,0] 0,8
Weight (kg.,Me [Q,.; Q..]) 3,2 [3,1-3,3] 3.4 [3,2-3,4] 0,6
Sex: boys (n, %) 12 (67%) 12 (57%) 0,8
girls (n, %) 6 (33%) 9 (43%)
PRISM Score (M£SD) 6,7£2,7 4,7£2,0 0,2
PRISM Score >10 (n, %) 3 (16%) 0 (0%) 0,05
RACHS-1 Score (M£SD) 4,2+1,0 4,1+0,9 1,0
RACHS-1 Score = 6 (n, %) 3 (16%) 0 (0%) 0,05
Bypass time (min., M£SD) 228,2%60,2 205,0+28,4 0,4
Cross-clamp time (min., M£SD) 92,2237 101,0£34,6 0,3
Delayed sternum closure (n, %) 6 (33%) 6 (28%) 0,9
Reoperation (n, %) 9 (50%) 6 (28%) 0,09
Mechanical ventilation duration (days, Me [Q,.; O..]) 4[2,3-5,8] 2[1,4-2,9] <0,05
Mechanical ventilation duration >72 hrs. (n, %) 12 (67%) 6 (28%) <0,05
Duration of stay in the ICU (days, M+SD) 32,2148 17,473 <0,05
Empirical antibiotic therapy during preoperative period (n, %) 8 (44%) 0 (0%) <0,01
Mortality (n, %) 1 (5,5%) 1 (4,8%) 1,0

*Statistical abbreviations: n — number of patients, M — mean value; SD — standard deviation; p — significance value; Me — median, [Q,; Q] —

interquartile range
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As it can be seen from table 3, the distribution of patients
by age, weight, sex is homogeneous, the difference is not
statistically significant between the two groups (p>0.5),
since these factors are not risk factors for VAP occurrence.
In both groups neonates have a statistically insignificant
difference in the PRISM pediatric risk score (p<0.05), but in
the VAP group, there are patients with a high pediatric risk of
mortality at the time of hospitalization (>10 PRISM score),
which indicates a statistically significant difference in the
distribution of patients according to this factor (p=0.05). The
difference in the duration of the extracorporeal circulation
and the cross-clamp time during the perfusion period is also
not statistically significant between the two groups (p>0.05).
Delayed sternum closure and reoperation are not risk factors
for VAP, as the difference between the two groups according
to these parameters is not statistically significant (p>0.05).
Mortality in the study group and in the control group is not
statistically different (p=1.0). Assessment for the presence
of genetic syndrome was not established due to the absence
of patients with genetic pathology.

The difference in the complexity of surgery for both
groups of patients was insignificant (p>0.05). However, in
the VAP group, there were patients with a high score (6
points) of surgical intervention according to RACHS-1,
which indicates a statistically significant difference in the
distribution of patients according to this factor (p=0.05).

Patients whom empirical antibacterial therapy
was administrated in the preoperative period since
hospitalization have less propensity to develop VAP in the
postoperative period, considering that the distribution of
patients by this factor is statistically significant (p<0.01).

Patients of the study group with VAP have longer duration
of mechanical ventilation and prolonged stay in the ICU,
as the difference between the two groups according to this
factors is statistically significant (p<0.05). It was established
that the duration of mechanical ventilation more than 72
hours after the surgery was associated with the onset of
VAP, as the difference between both groups was statistically
significant (p<0.05), which indicates that the longer the
patient is on mechanical ventilation in the postoperative
period, the more likely the occurrence of VAP.

Conclusions

1. Ventilator-associated pneumonia in newborns after

cardiac surgery with cardiopulmonary bypass leads to a

prolonged stay of patients in the ICU.

. Patients

. Patients with 10 or more points according the scale of

pediatric risk of mortality during the first 24 hours after
hospitalization are more likely to develop ventilator-
associated pneumonia in the postoperative period.

. Patients that are on mechanical ventilation more than

72 hours after surgery have higher propensity to develop
ventilation-associated pneumonia in the postoperative
period.

. Patients who undergone a surgical intervention with

high complexity are more likely to develop ventilator-
associated pneumonia in the postoperative period.
whom empirical antibacterial therapy
was administrated in the preoperative period since
hospitalization have a lower risk of developing ventilator-
associated pneumonia after surgery.
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MdaKTopK pU3UKY BEHTUNATOP-acoLiiOBaHMX NHEBMOHI Y HOBOHaPOAXKEHUX
nicnsa KapaioxipypriuHux onepawin 3i LUTY4HUM KPOBOOGirom

Xemio ApHec C.T1, 3rpxebnoscbka J1. B.2, MowkiBcbka J1. B.L, boitko C. M., Mepeneka |. A%,
NazopuiwnHeup B.B.!

1Y «HauioHanbHUI iHCTUTYT cepLeBo-CyAnHHOI Xipyprii iMeHi M. M. AMocoBa HAMH» (KuiB)
2HauioHanbHa MeguyHa akageMis nicnsgaunaoMHoi ocBiTH iMeHi M. 1. Wynwuka (KwuiB)

Mera nochnigxeHHs — BUSHAYUTH (haKTOPU PUBMKY BUHUKHEHHSI BEHTUJISITOP-acOolliiiOBaHUX TTHEBMOHIi Y HOBOHA-
POIKEHUX ITiCJISI KapIioXipypTidHUX oIlepalliii 3i IITyYHUM KPOBOOOIroM.

Metoau. B nocrinxeHHs1 BKiIoUYeHO 39 nalieHTiB HEOHATAJIbHOTO BiKy 3 BPOIXKEHUMU BajJaMu CeplLisi, SIKUM MPOBe-
JIEHO KapAioXipypriuHy orepatio i siki nepe0yBajiy Ha IITY4YHiil BEHTUIIALIIT JiereHb Oiiblie 24 Toj. B micasionepauiiiHoMy
nepiomi.

Pesyabratn. O6ctexkxeHo 39 mauieHTiB. Bynu BusiBieHi mTamMyu MiKpoOpraHi3miB, 1110 HaifyacTillle CIIpUYMHIOIOTh
BEHTUJISITOP-acolliiioBaHi THEBMOHII y HOBOHapomKeHux: Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterococcus
faecalis. IlanienTN, sIKi MepeOyBarOTh HAa INTYIHiN BEHTUJIALIIL JIerTeHb OiIblie 72 rom., i Ti, SKUM IPOBEISHO OIepaTUBHE
BTPYYaHHS 3 BUCOKMM PiBHEM CKJIATHOCTi, MalOTh OLIbIIY BipOTiZHICTh BAHUKHEHHS ITHEBMOHIIA.

Bucnosku. HoBoHapomxeHi micjis KapaioXipypriyHux orepalliii 3i INTy4HUM KPOBOOOIroM, Yy SKMX BUHUKJIa BEHTUIIS -
TOp-acolliloBaHa MHEBMOHIs1, AOBIIE NMepe0yBatoTh y BilUIIJIEHH] peaHiMallii Ta iHTEeHCUBHOI Tepartii.

Karouoei caosa: eenmunsmop-acoyiilosari nHeeMorii, HO30KOMianbHi iHgeKyii, aHmubiomuku, HOBOHAPOOICeHi, Kapoioxi-
DYypeiuni onepayii, wmyunuil Kpogoobie, 8poddiceHi 6adu cepysi.

MdaKTopbl pUCKa BEHTUNATOP-aCCOLLUMPOBAHHBIX MHEBMOHMIA Y HOBOPOXKAEHHbIX
nocie KapaMoxmpypruueckux onepaumii ¢ MICKyCCTBEHHbIM KpoBOO6palleHueM

Xemuno ApHec C.T%, 3rpxxebnosckas J1. B.2, Mowkosckas J1. B.L, boiko C. H.}, Mepeneka N. A%,
Tpy6a 4.1.%, NazopuwwnHey B. B.

1TY «HauMoHanbHbIi UHCTUTYT CEPAEYHO-COCYAUCTON XMpyprumn umMern H. M. AMocosa HAMH» (Kues)
2HauuoHanbHas MeaMLMHCKas akagemMus nocieannioMHoro obpasosanus umenn M. J1. Wynuka (Kues)

enb viccenoBaHusT — OMPENENTh (PAKTOPHI pUCKAa BOSHUKHOBEHUS BEHTUIIATOP-ACCOLIMMPOBAHHBIX ITHEBMOHUI Y
HOBOPOXXIEHHBIX TTOCJIE KAPAMOXUPYPTUUECKUX OTepalnii ¢ MCKyCCTBEHHBIM KPOBOOOpAIIIEHUEM.

Mertoapl. B uccienoBaHue BKIOYeHO 39 MalMeHTOB HEOHATAJILHOIO BO3pacTa ¢ BPOXKAEHHBIMU MTOPOKaMU Cepalia,
KOTOPBIM BBITIOJIHEHA KapAUOXUPYyprudecKast onepais 1 KOTOpble HAXOAWUIMCh Ha UCKYCCTBEHHOW BEHTWJISILIUM JIETKUX
Oosiee 24 yacoB B MocieonepaliiOHHOM TIeproe.

PesyabraTbl. O6¢enoBaHo 39 manreHToB. buti 00HapyKeHbI IITaMMBI MUKPOOPTAHU3MOB, Yallle BCETO BHI3BIBAIOIIINE
BEHTUJISITOP-aCCOLIMMPOBAHHbBIE TMTHEBMOHUU Yy HOBOPOXAECHHbBIX: Pseudomonas aeruginosa, Klebsiella pneumoniae,
Enterococcus faecalis. TlalineHTbI, HAXOASIIMECS HA UCKYCCTBEHHOM BEHTWISILIMU JIETKUX OoJiee 72 4., U Te, KOTOPBIM MPO-
BEJICHO OMNEePaTHBHOE BMEIIATEILCTBO C BBICOKMM YPOBHEM CJIOKHOCTU, UMEIOT OOJIbIIYIO BEPOSITHOCTh BOBHUKHOBEHUS
MTHEBMOHUM.

BoiBoabl. HoBopoxkieHHbIE Mociie KapauOoXUpPypruyeckux orepaiuii ¢ MCKYCCTBEHHBIM KpOBOOOpallleHUEM, Yy
KOTOPBIX BO3HUKJIA BEHTHJIATOP-aCCOILIMMPOBAHHAST TTHEBMOHUSI, HAXOAITCS 00Jiee TIPOIOKUTEIBHOE BpeMS B OTHEIIe-
HUU peaHUMAaIlM1 U UHTEHCUBHOM TepaIu.

Karoueevte caoea: 6eHmuasmop-accouuuposantvie NHEBMOHUU, HO30KOMUAAbHble UHeKyuu, aHmuOuoOmuxu,
H080pOXNCOeHHble, KapouoXupypeuveckue onepayull, UCKyccmeeHHoe Kpogoodpaujerue, 8podicieHtble NOPOKU cepoya.



