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BACKGROUND

Postoperative disorders of the respiratory system in infants after cardiac surgical
procedures entail significant clinical problems, both because they are life threatening
and due to their potential adverse effect on the final outcome of the treatment. The
main causes of postoperative complications include significant changes in the vascu-
lar system, intrathoracic manipulation, potentially leading to the damage of anatomi-
cal structures, drainage of the pleural cavities, postoperative immobilization, me-
chanical respiration and post-perfusion syndrome. The basic clinical symptoms
include changes in the pulmonary parenchyma and fluid in the pleural space. The
identification of the type of changes and the risk factors related to postoperative
pulmonary complications enables optimal adjustment of postoperative care strate-
gies, including directed respiratory physiotherapy[1, 9].

The aim of the study was to identify the most common respiratory complications
in patients after pediatric cardiac surgical procedures, to carry out a separate analysis
of the group of infants with heart defects associated with Down syndrome and to
evaluate the effect of extracorporeal circulation (ECC) time and aortic cross-clamp
(ACC) time on pulmonary complications.
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MATERIAL AND METHODS

The study was conducted at the Department of Cardiac Surgery and General Pe-
diatric Surgery of the Medical University of Warsaw. The sample comprised 43
infants (23 boys and 22 girls) after surgical corrections of heart defects including:
Atrial Septal Defect (ASD), Atrioventricular Septal Defect (AVSD), Double Outlet
Right Ventricle (DORV) and Tetralogy of Fallot (TOF) in the age range of 0-1 years
(the mean age = 4.88+ 2.48 months). The patients after surgical corrections of heart
defect without extracorporeal circulation who died during the study and the patients
above the age of 1 year were excluded. The analysis of chest x-ray images was per-
formed within 5 days after the surgery.

Based on the protocol developed for the purpose of this study, data were ob-
tained on of ECC time, ACC time and the concomitant Down syndrome. For sys-
tematization and statistical analysis of the obtained data the patients were divided
into three groups:

1. Based on the associated genetic syndrome, the patients were divided into D1 and

D2 groups comprising the infants without and with Down syndrome respective-

ly,

2. Based on extracorporeal circulation (ECC) time, the patients were divided into
ECC1 and ECC2 groups with ECC time below and above 80 minutes respective-
ly,

3. Based on the aortic cross-clamp (ACC) time the patients were divided into
ACC1 and ACC2 groups with ACC time below and above 40 minutes respec-
tively.

RESULTS

The results of the statistical analysis revealed that 34 (79.07%) of 43 studied in-
fants developed pulmonary complications. In 9 patients (20.93%) no complications
were noted, which was the reason for exclusion from the study.

The basic pulmonary complication (Figure 1.) in the studied group of patients
was fluid in the pleural cavity, noted in 28 patients (31.36%). Pulmonary atelectasis
was the rarest complication, noted in 14 patients (15.73%). Other reported pulmona-
ry complications included parenchymal densifications in 22 patients (24.71%) and
decreased lung ventilation in 25 patients (28.08%) (Figure 2.).
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Figure 1. Pulmonary complication in the studied group of patients
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Figure 2. Percentage distribution of pulmonary complications in the studied group
of patients
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The analysis of the studied sample based on the presence of Down syndrome
(Table I.') revealed that in D1 group (patients without Down syndrome) fluid in the
pleural cavity was the most common complication, present in 18 patients (78.26%).
Pulmonary atelectasis was the rarest complication in this group and it was noted in
10 patients (43.47%). Parenchymal densifications and decreased ventilation of the
pulmonary tissue were found in 15 (65.21%) and 16 patients (69.56%) respectively.

In D2 group (patients with Down syndrome) the most common complications in-
cluded fluid in the pleural cavity (Figure 3.), present in 11 patients (100%) and de-
creased ventilation of the pulmonary tissue, found in 10 patient (90.90%). The rar-
est complications included parenchymal densifications in 6 patients (54.54%) and
pulmonary atelectasis in 6 patients (54.54%).

Table I. The analysis of the studied sample based on the presence of Down syndro-
me

pulmonary complication

fluid in decreased venti-
Group Pare_nf:hy_mal Pulmonary the pleural lation of the
densifications atelectasis ; .
cavity pulmonary tissue
D1 — patients
without Down 15 10 18 16
syndrome
D2 — patients
with Down 6 6 11 10
syndrome

The statistical analysis revealed a weak correlation between the occurrence
of Down syndrome and the incidence of pulmonary complications with the correla-
tion coefficient of 0.219145 at p= 0.213047.
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Figure 3. Percentage analysis of the studied sample based on the presence of Down
syndrome

For the analysis based on the effect of extracorporeal circulation (ECC) time
on pulmonary complications, the sample was divided into ECC1 and ECC2 groups
with ECC time below and above 80 minutes respectively.

In ECC1 group (Table I1.), the most common complications included fluid
in the pleural cavity in 17 patients (77. 27%) and decreased ventilation of the lung
parenchyma in 16 patients (72.72%). Rarer complications included pulmonary ate-
lectasis in 6 patients (27.27%) and densifications in the pulmonary tissue in 11 pa-
tients (50.00%).

In ECC2 group (Figure 4) with ECC time longer than 80 minutes, the most
common complications included: fluid in the pleural cavity in 11 patients (91.66%),
densifications of the pulmonary parenchyma in 11 patients (91.66%), decreased lung
ventilation in 9 patients (75.00%) and pulmonary atelectasis in 8 patients (66.66%).
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Table Il. Analysis based on the effect of extracorporeal circulation (ECC) time
on pulmonary complications

pulmonary complication
fluid in the | decreased ventila-
Group Parenchymal Pulmonary .
densifications atelectasis pleu_ral tion of th? pulmo-
cavity nary tissue
ECC1 -time
below 80 11 6 17 16
minutes
ECC2 - time
above 80 11 8 11 9
minutes

Based on the results of the statistical analysis it was found that the duration of
ECC affected the incidence of pulmonary complications in the studied sample. The
obtained correlation coefficient was 0.414279 at p<0.01.
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Figure 4. Percentage values corresponding to pulmonary complications in ECC
groups with ECC time above and below 80 minutes. ECCT- extracorporeal circula-

tion time

For the analysis based on the effect of the duration of aortic cross-clamp (ACC)
on pulmonary complications, the sample was divided into ACC1 and ACC2 groups
with aortic cross clamp (ACC) time below and above 40 minutes respectively.
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In ACC1 group (Table I11.), the most common complications included fluid
in the pleural cavity in 18 patients (78.26%) and decreased ventilation of the pulmo-
nary tissue in 16 patients (69.56%). Rarer complications included densifications in
the pulmonary tissue in 13 patients (57%) and pulmonary atelectasis in 5 patients

(21.73%).

In ACC2 group (Figure 5.), fluid in the pleural cavity was the most common
complication, noted in 10 patients (90.90%). 9 patients (81.81%), were diagnosed
with decreased ventilation of the pulmonary tissue, 9 (81.81%) with of the pulmo-
nary parenchymal densifications and 9 patients (81.81%) — with pulmonary atelecta-

SIS.

Table I11. Analysis based on the effect of the duration of aortic cross-clamp (ACC)
on pulmonary complications

pulmonary complications

Group Parenchymal Pulmonary fluid in the d_ecreased ventila-
e 2 - pleural tion of the pulmo-
densifications atelectasis . :
cavity nary tissue
ACC1 -
time below 13 5 18 16
80 minutes
ACC2 - time
above 80 9 9 10 9
minutes

The statistical analysis revealed that the duration of aortic cross-clamp (ACC) af-
fected the incidence of pulmonary complications in the studied sample. The obtained

correlation coefficient was 0.399148 at p < 0.01.
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Figure 5. Percentage values corresponding to pulmonary complications in ACC
groups with ACC time above and below 40 minutes. ACC- aortic cross-clamp

DISCUSSION

Based on the results, it was found that the most common complications in the
group of infants after cardiac surgery procedures included: fluid in the pleural cavity
(31.36%), decreased pulmonary ventilation (28.08%), parenchymal densifications
(24.71%) and pulmonary atelectasis (15.73%). This finding can be explained by the
fact that the use of extracorporeal circulation results in inhibition of pulmonary
blood flow. The initiated body’s response to this mechanism is similar to inflamma-
tory responses. One of the stages of this response involves activation of neutrophils,
resulting in increased permeability of the alveolar-capillary membrane. In conse-
quence, the plasma penetrates the pulmonary tissue and excess fluid is cumulated in
the alveoli [7, 8, 11]. Similar findings are reported by Emhardt et.al. In their study
on the sample of 98 patients as much as 82% were diagnosed with atelectasis and
other pulmonary complications, which correlated with the use of extracorporeal
circulation (ECC) during surgical procedures [3]. Gale et al. in their study were
especially concerned about the patients after cardiac surgery procedures, diagnosed
with atelectasis. Likewise other researchers, they noticed that this complication was
the second most frequent side effect apart from fluid in the pleural cavity [2].

The obtained data indicate a higher incidence of pulmonary complications
in patients with Down syndrome than in the group of infants without Down syn-
drome. Theo observed correlation, however, is characterized by a low correlation
coefficient (r = 0.219145) and is statistically insignificant at p > 0.05. Numerous
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available reports, however, indicate that the prognoses of such patients after surgical
procedures are very good. Cardiac surgery corrections performed shortly after diag-
nosis increase the chance for full recovery in these patients [2, 4, 5, 6, 13].

Based on the statistical analysis, we can conclude that the duration of ECC has
a significant effect on the incidence of pulmonary complication in the studied popu-
lation of patients. In the group of infants with extracorporeal circulation (ECC) time
was longer than 80 minutes, fluid in the pleural cavity and parenchymal densifica-
tions were more frequent than in the group with ECC time shorter than 80 minutes.
Similar findings are reported by researchers who studied samples of adults. Argawal
et. al. in their study on 271 patients noticed a significant effect of ECC time on the
course of postoperative care. Thida Ong et. al. in turn, showed that a longer duration
of extracorporeal circulation is associated with residual lung volume and the dura-
tion of artificial ventilation, and that it can prolong hospitalization period [10,12].
Wasowicz et. al. examined the lung tissue and found that the longer duration of
ECC resulted in pulmonary tissue damage.

The results obtained from the studied sample indicate that the duration of ACC
has a significant effect on the incidence of pulmonary complications. A statistically
significant between-group difference was observed in the incidence of complica-
tions. In the group of patients with ACC shorter than 40 minutes, significantly few-
er changes were noted in the lungs. The most common complication noted in this
group was fluid in the pleural cavity (78.26%). Also in the group with ACC longer
than 40 minutes, fluid in the pleural cavity was the most frequent complication,
observed in most of the patients (90.90%). Similar results were obtained by the
researchers from other centres.

Since the duration of ACC is closely connected with ECC time, the results are
similar. In the international literature, ECC time is the preferred factor.

The results obtained from this study are not only useful for physicians, but also
this is a precious source of information for physiotherapists dealing with infants
after cardiac surgery procedures.

CONCLUSIONS

1. The most common pulmonary complications in the studied sample of infants
after cardiac surgery corrections included: fluid in the pleural cavity, decreased
ventilation of the pulmonary tissue, parenchyma densifications and pulmonary
atelectasis.

2. The duration of extracorporeal circulation (ECC) and aortic cross-clamp (ACC)
significantly affects the incidence of pulmonary complications in infants after
cardiac surgery procedures.

3. Heart defects associated with Down syndrome have no statistically significant
effect on the incidence of pulmonary complications in patients after cardiac sur-
gery procedures.
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4. The presented risk factors as well as the type of pulmonary complications should
be considered by the physiotherapist in the planning and implementation
of physiotherapy programs in children after cardiac surgical procedures.
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ABSTRACT

Postoperative disorders of the respiratory system in infants after cardiac surgical
procedures entail significant clinical problems, both because they are life threatening
and due to their potential adverse effect on the final outcome of the treatment. The
sample comprised 43 infants after surgical corrections of heart defects in the age
range of 0-1 years. The analysis of chest x-ray images was performed within 5 days
after the surgery. The duration of aortic cross-clamp (ACC) and extracorporeal cir-
culation (ECC) affected the incidence of pulmonary complications in the studied
sample. The statistical analysis revealed a weak correlation between the occurrence
of Down syndrome and the incidence of pulmonary complications. The duration of
extracorporeal circulation (ECC) and aortic cross-clamp (ACC) significantly affects
the incidence of pulmonary complications. 2. Heart defects associated with Down
syndrome have no statistically significant effect on the incidence of pulmonary
complications in patients after cardiac surgery procedures.

STRESZCZENIE

Pooperacyjne zaburzenia czynnosci uktadu oddechowego, u dzieci po korekcjach
kardiochirurgicznych, stanowig istotny problem kliniczny, zarowno ze wzgledu
na zagrozenie dla zycia, jak i z powodu potencjalnie negatywnego wplywu na kon-
cowy efekt leczenia. Grupe stanowito 43 niemowlat po korekcji wady serca w prze-
dziale wiekowym 0-1 r.z. Analizie poddano wyniki zdje¢ rentgenowskich klatki
piersiowej, wykonywanych w ciagu 5 dni po operacji. Czas krazenia pozaustrojo-
wego oraz czas zakleszczenia aorty istotnie wptynety na wystgpowanie powiktan
plucnych w badanej grupie. Analiza statystyczna wykazala staby poziom zalezno$é¢
pomiedzy wspotwystepowaniem zespolu Downa a ilo$cig powiktan ptucnych. Czas
krazenia pozaustrojowego oraz czas zakleszczenia aorty istotnie wptynely na wyste-
powanie powiktan ptucnych w badanej grupie 2. Wspotwystepowaniem zespolu
Downa nie wplywa istotnie na ilo$¢ powiktan ptucnych w badanej grupie.
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