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Background: To explore the effects of different oral care strategies on postoperative pneumonia in infants
with mechanical ventilation after cardiac surgery.

Methods: A prospective randomized controlled study was conducted at a hospital in Fujian Province,
China. Participants were randomly divided into the breast milk oral care group, physiological saline oral
care group, and sodium bicarbonate oral care group to explore the effects of different oral care strategies on
postoperative pneumonia in infants on mechanical ventilation cardiac surgery.

Results: The mechanical ventilation duration, the hospitalization costs, and the length of intensive care
unit (ICU) stay and postoperative hospital stay in the breast milk oral care group were significantly shorter
than those in the physiological saline oral care group and the sodium bicarbonate oral care group. The
incidence of postoperative pneumonia in the breast milk oral care group was 3.2%, which was significantly
lower than that in the physiological saline oral care group (22.6%) and the sodium bicarbonate oral care
group (19.4%).

Conclusions: Using breast milk for oral care in infants after cardiac surgery has a lower incidence of
postoperative pneumonia than traditional oral care strategies of physiological saline and sodium bicarbonate,

and it is worthy of clinical application.
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Introduction oropharyngeal bacterial colonization plays a vital role in the

Postoperative pneumonia is the most common cause of pathogenesis of postoperative pneumonia (9,10). Tracheal

hospital-acquired infections in the intensive care unit (ICU), intubation not only damaged the natural barrier between

with an incidence of 8-28% (1-3). Postoperative pneumonia the oropharynx and the trachea but also provided a direct

will result in a longer mechanical ventilation duration, a and rapid way for bacteria to enter the lower respiratory

more extended hospital stay, higher hospitalization costs,
and increased mortality (4-8). Many studies have shown that
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tract, which would cause the occurrence of postoperative

pneumonia (11,12).
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Due to the presence of intracardiac malformations and
abnormal blood flow, the nutritional status and physique
of infants with congenital heart disease are often worse
before surgery. Postoperative pneumonia incidence
is higher after withstanding cardiac surgery injury,
cardiopulmonary bypass injury, myocardial ischemia-
reperfusion injury, prolonged endotracheal intubation, and
mechanical ventilation (13). Oral care is one of the critical
aspects of postoperative rehabilitation measures, improving
patients' health, and preventing severe complications
such as pneumonia (14). Numerous studies have shown
that proper oral care can reduce the colonization of
potentially pathogenic bacteria in the oropharynx and
reduce the occurrence of postoperative pneumonia (15,16).
However, there are few reports on the practice of oral care
for infants after cardiac surgery. In this study, a prospective
randomized controlled study was conducted to evaluate
the effect of different oral care strategies on postoperative
pneumonia in infants on mechanical ventilation after cardiac
surgery. We present the following article in accordance
with the CONSORT checklist (available at http://dx.doi.
org/10.21037/tp-20-295).

Methods
Study design and definition

The present study was approved by the ethics committee
of Fujian Maternity and Child Health Hospital (No.
2020YJ181) and adhered to the tenets of the Declaration of
Helsinki (as revised in 2013). A prospective, randomized,
controlled study was conducted in the cardiac ICU at
a provincial hospital. The clinical data of 93 cases of
infantile patients who underwent cardiac surgery using
cardiopulmonary bypass in our hospital from January 2020
to June 2020 were collected. Signed informed consent was
taken from the patients’ parents/guardians. The inclusion
criteria were as follows: (I) infants after cardiac surgery
with cardiopulmonary bypass; (II) the patient’s anatomical
treatment was satisfactory, cardiac function recovered well
after the operation, and hemodynamics was stable. The
exclusion criteria were as follows: (I) infants with severe
liver, kidney, and other essential organ dysfunctions; (II)
parents of patients who refused to participate in this study.
The perioperative antibiotic prevention strategies
we adopted were as follows: cefmetazole was given
intravenously 30min before the operation, and another
dose was given if the operation time was longer than three
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hours, and one dose was given within 24 hours after the
operation according to the prescription formula. The
diagnosis of postoperative pneumonia was mainly based
on manifestations of fever, wheezing, cough, shortness
of breath, wet rales auscultated on chest examination,
and radiographic abnormalities such as spotty or patchy
infiltration in a chest radiograph (17). Bacterial culture of
airway secretions was helpful to identify pathogens and
assist treatment. Generally, on the second day after the
infants developed pneumonia-related symptoms or signs,
we combined with biochemical indicators, imaging, and
other examinations to diagnose postoperative pneumonia.
"This usually happened on the second postoperative day.

The mechanical ventilation mode adopted in this study was
synchronized intermittent mandatory ventilation (SIMV). Our
initial ventilator settings were set as follows: FiO, regulated
from 0.21 to 0.60, PIP regulated from 15 to 20 cmH,O, RR
regulated from 20 to 30 times/min, and PEEP regulated
from 2 to 6 cmH,0, and then the parameters were adjusted
according to the infant’s pulmonary condition and arterial
blood gas results.

Routine clinical data were recorded and analyzed.
Besides, postoperative mechanical ventilation duration,
the length of ICU stay, the length of hospital stay,
hospitalization costs, bacterial culture of the respiratory
tract, and postoperative related complications were also
statistically analyzed. Postoperative inflammatory indicators,
such as white blood cell (WBC), C-reactive protein (CRP),
and procalcitonin (PCT) were also recorded.

Calculation of the study sample size

Based on the incidence of postoperative pneumonia
between the three groups in the pre-experiment, assuming
the difference between the three independent populations
was 10%, 0=0.05, and B=0.2, the number of participants
needed was 28 in each group. Assuming a 10% attrition
rate, the total sample size was 93 (31 per group).

According to the different oral care strategies used, the
individuals were divided into three groups: the breast milk
oral care group, the physiological saline oral care group, and
the sodium bicarbonate oral care group. The researchers
randomly divided eligible parents into three groups based
on computer-generated random numbers.

Intervention methods

Before implementing oral care, the oral cavity retentate
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Breast milk oral care

Physiological saline oral ~ Sodium bicarbonate oral

Variables group care group care group P
Age (month) 1.8+1.1 1.741.3 1.8+1.4 0.435
Weight (kg) 4.1+1.6 3.9+1.3 4.0£1.5 0.518
Disease
Atrial septal defect 3 2 1 0.912
Ventricular septal defect 21 19 20
Pulmonary stenosis 3 5 4
Coarctation of aorta 2 3 4
Total anomalous pulmonary venous connect 1 2 2
Interrupted aortic arch 1 0 0
Preoperative complications
Lung infection 2 3 2 0.857
Hepatic insufficiency 1 2 1 0.770
Renal insufficiency 0 0 0 -
Operation time (h) 3.1+0.9 3.3+0.6 3.1+0.8 0.739
Cardiopulmonary bypass time (h) 1.0+0.2 1.1£0.3 0.9+0.4 0.806
Aortic occlusion time (min) 41.4+10.2 39.8+9.3 38.5+8.9 0.657
h, hour; min, minute.
and the subglottic cavity were removed using negative Results

pressure. According to different oral care strategies and
the corresponding groups, breast milk, physiological
saline, and sodium bicarbonate were used for oral care.
The different oral care products were used to scrub the
wall of the lip, cheek, gingiva, hard palate, tongue surface,
sublingual, and tracheal intubation in turn, and each part
was scrubbed with at least one cotton swab for at least
30 seconds. Oral care was performed every 3 hours. The
researcher screened eligible parents for the study and
collected relevant clinical data.

Statistical analysis

SPSS19.0 software was used to perform statistical analysis
in this study. Continuous data are presented as the mean =
standard deviation and range. ANOVA was used to compare
the mean of the three groups, and the S-N-K(S) method
was used to compare each pair. The * or Fisher’s test was
used to categorize the variables. A P value of <0.05 was
defined as statistically significant.
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Comparison of the general patient information, such as age
(1.8+1.1 vs. 1.7£1.3 vs. 1.8+1.4 months), weight (4.1x1.6 vs.
3.9+1.3 vs. 4.0£1.5 kg), operation time (3.1x0.9 vs. 3.320.6
vs. 3.1+0.8 h), cardiopulmonary bypass time (1.0+0.2 vs.
1.1£0.3 vs. 0.9£0.4 h), and aortic occlusion time (41.4x10.2
vs. 39.8£9.3 vs. 38.5+8.9 min), in the three groups, was not
statistically significant (P>0.05), which showed that the
three groups of patients were homogeneous and comparable
(Table 1). Deep hypothermic circulatory arrest (DHCA) was
used in 15.4% of cases, with the arrest time of 30.5+17.8
minutes and the average minimum body temperature of
28.120.5 °C. The minimal core body temperature of patients
who did not use DHCA was 32.50.6 °C.

Compared with the physiological saline oral care group
and the sodium bicarbonate oral care group, the mechanical
ventilation duration (3.6+1.1 vs. 4.9+1.8 vs. 4.7+1.7 h), the
length of intensive care time (5.8+1.8 vs. 7.8+2.7 vs. 7.9+
3.1 d), hospitalization costs (5.3£1.1 vs. 7.8+1.5 vs. 7.6x1.7
10,000 CNY) and the length of postoperative hospital stay
(13.3£2.1 vs. 16.8+3.9 vs. 17.024.0 d) were significantly
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Table 2 Comparison of postoperative conditions among the three groups

Physiological saline oral care  Sodium bicarbonate oral care

Variables Breast milk oral care group group group P
Mechanical ventilation duration (d) 3.6+1.1 4.9+1.8* 4.7£1.7* 0.036
The length of ICU stay (d) 5.8+1.8 7.8+2.7* 7.9+3.1* 0.028
Hospitalization costs (10,000 CNY) 5.3+1.1 7.8+1.5% 7.6£1.7¢ 0.039
The length of hospital stay (d) 13.3+2.1 16.8+3.9* 17.0+4.0* 0.032
*, indicated P<0.05 compared with breast milk oral care group; ICU, intensive care unit; CNY, Chinese Yuan.

Table 3 Comparison of postoperative complications among the three groups

Variables Breast milk oral care group  Physiological saline oral care group Sodiun;::;:zic;r:te oral P
Postoperative pneumonia 1 7 6* 0.031
Low cardiac output syndrome 2 1 2 0.809
Arrhythmia 3 4 4 0.902
Hepatic insufficiency 4 5 3 0.750
Renal insufficiency 0 0 1 0.364
Poor wound healing 1 2 2 0.809

*, indicated P<0.05 compared with breast milk oral care group.

shorter in the breast milk oral care group (P<0.05). There
was no significant difference between the physiological saline
oral care group and the sodium bicarbonate oral care group
(Table 2).

The incidence of postoperative pneumonia in the breast
milk oral care group was 3.2%, and it was significantly
lower than that in the physiological saline oral care group
(22.6%) and the sodium bicarbonate oral care group (19.4%)
(P=0.031). There were 4 cases (28.6%) with positive
sputum culture in the lower respiratory tract in infants with
postoperative pneumonia, among which 3 cases were in
the physiological saline oral care group, including 2 cases
of Escherichia coli and 1 case of Klebsiella pneumonia.
There was 1 case of Enterobacter cloacae in the sodium
bicarbonate oral care group. The treatment of postoperative
pneumonia mainly adopted comprehensive treatment,
including active anti-infection and other symptomatic
support treatment. There was no statistically significant
difference in the incidence of postoperative low cardiac
output syndrome, arrhythmia, liver dysfunction, renal
dysfunction, and poor wound healing after surgery in the
three groups (Table 3).

In comparing postoperative inflammatory markers in the
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three groups, there was no statistically significant difference
in the WBC, CRP, and PCT levels one day after surgery
(P>0.05). The CRP level in the breast milk oral care group
three days after surgery was lower than those in the other two
groups (P<0.05). Besides, the WBC, CRP, and PCT levels in
the breast milk oral care group were all lower than those in

the other two groups five days after surgery (P<0.05) (Zable 4).

Discussion

Congenital heart disease is one of the most common
congenital structural deformities, and approximately
2-3% of newborns have congenital heart disease (18). For
some infants with congenital heart disease, early cardiac
surgery needs to be performed under hypothermia and
cardiopulmonary bypass, which is often accompanied
by cardiopulmonary dysfunction after surgery. As a
result, those infantile patients need a relatively long
period of mechanically assisted ventilation to support
cardiopulmonary function and improve their circulatory
status. Because the infant’s immune function is relatively
low, the pulmonary function is not fully developed. A
series of pathophysiological changes produced by cardiac
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Variables Breast milk oral care group  Physiological saline oral care group  Sodium bicarbonate oral care group P

WBC (10%L) day 1* 12.4+3.2 12.8+2.7 13.7+2.3 0.783
CRP (mg/L) day 1 25.8+10.5 30.2+8.2 23.5+9.1 0.462
PCT (ng/mL) day 1 3.6+1.8 3.5+2.3 3.9+2.5 0.513
WBC (10%L) day 3* 12.1£2.0 12.5+2.5 11.5+2.0 0.624
CRP (mg/L) day 3 9.6+6.5 13.3+7.2* 12.8+7.5* 0.041
PCT (ng/mL) day 3 1.9+0.8 2.3+1.1 2.0£1.0 0.216
WBC (10%L) day 5* 10.1£1.7 11.5+£2.3* 11.7+£1.6* 0.002
CRP (mg/L) day 5 3.4+1.2 5.3+1.5* 5.8+1.6* <0.001
PCT (ng/mL) day 5 0.5+0.3 0.8+0.6* 0.7+0.5* 0.005

* postoperative days; *, indicated P<0.05 compared with the breast milk oral care group. WBC, white blood cell; CRP, C-reactive protein;

PCT, procalcitonin.

malformation, surgical trauma, and cardiopulmonary bypass
injury make infants on mechanical ventilation more likely to
develop postoperative pneumonia after cardiac surgery (13).

It is generally believed that oral hygiene is directly
related to postoperative pneumonia because oral
bacteriology characteristics in patients with mechanical
ventilation are different from those in ordinary people and
nonmechanically ventilated patients (19,20). There are more
than ten kinds of bacteria living in the oral cavity of the
average population, and they are in dynamic equilibrium,
which will not cause disease in the physiological state.
However, due to endotracheal intubation and mechanical
ventilation, patients’ oral cavity and airway on mechanical
ventilation are continuously opening. Besides, these patients
are forbidden to drink. The oral cavity’s self-cleaning
ability and the oral hygiene environment status are reduced,
resulting in a break in the dynamic balance of the oral
cavity and significant colonization with bacteria. Then, the
oral bacteria move down the tube and causes postoperative
pneumonia (21,22). Messika et a/. conducted a study and
found that the incidence of ventilator-associated pneumonia
in patients with colonized bacteria in the oropharynx was
significantly higher than in the patients without colonized
bacteria (23). An increasing number of scholars at home
and abroad have studied the prevention methods of
postoperative pneumonia in recent years, among which
oral care is considered one of the most important measures
to prevent postoperative pneumonia. It has become a
central issue in clinical nursing research (24). The oral care
strategies are varied, and the studies on its different effects
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are increasing to find the best oral care strategies. To find
more suitable oral care strategies for infants after cardiac
surgery, we conducted this study to explore the effects of
different oral care strategies on postoperative pneumonia in
infants on mechanical ventlation.

The commonly used oral care strategies are
physiological saline, sterilized injectable water, sodium
bicarbonate solution, and so on, and the nursing effect
of various solutions is different. It is essential for infants
with prolonged endotracheal intubation and mechanical
ventilation after cardiac surgery to explore the suitable oral
care product to help prevent postoperative pneumonia.
Breast milk, physiological saline, and sodium bicarbonate
were used in this study. The results showed that the
incidence of postoperative pneumonia was significantly
lower in the breast milk oral care group than in the
physiological saline oral care group and the sodium
bicarbonate oral care group. The significantly reduced
incidence of postoperative pneumonia would help shorten
the duration of mechanical ventilation, length of ICU and
hospital stay, and hospitalization cost. Using breast milk
oral care could reduce postoperative pneumonia, and the
reasons might be diverse. Breast milk is the most natural
and safe natural food for infants during their growth, as
it contains rich probiotics and nutrients and plays a vital
role in increasing the immune function and self-resistance
in infants. Besides, breast milk contains other bioactive
substances, including immunoglobulin and a variety of
cytokines, such as immunoglobulin A, lactoferrin, and breast
milk oligosaccharides, which could play a barrier protection
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role in inhibiting pathogenic bacteria attached to the
oral mucosa and preventing pathogens from invading the
upper respiratory tract mucosa and causing postoperative
pneumonia (25). Studies have shown that breast milk also
contains many probiotics that are beneficial to prevent
oral flora disorders and inhibit bacterial proliferation (26).
Through a literature search, some studies showed that
oral care intervention using breast milk could effectively
prevent postoperative pneumonia (27,28). Our results were
consistent with the conclusions of these studies. We believe
that breast milk oral care was beneficial, easy to implement,
and cost-effective for the prognosis of those infants
with prolonged endotracheal intubation and mechanical
ventilation after cardiac surgery.

There are disadvantages to using breast milk for oral
care. Once breast milk is contaminated, it is more likely
to breed bacteria and fungi. Therefore, we should pay
attention to obtaining, preserving, and using breast milk
to ensure breast milk’s cleanliness and hygiene. We should
give health guidance to the family members and guide the
mother to express milk correctly. We also should ensure the
hygiene of breast milk during milking and transportation.
Nurses should practice good hand hygiene in oral care to
avoid cross-contamination.

There were still some limitations to this study. First,
this was a study that used a single-center and small sample
size. There was a specific deviation in case selection, and
different centers and different research subjects might have
different research results. Besides, the indexes adopted in
this study were limited, and objective bacteriological indexes
were missing, which might affect the conclusion’s rigor.
However, we still believe that our study had specific clinical
significance and could serve as a reference for postoperative
rehabilitation of such patients.

Conclusions

Compared with traditional physiological saline and sodium
bicarbonate oral care, breast milk oral care is a simple,
safe, economical, and easy-to-operate intervention that can
reduce postoperative pneumonia incidence. Using breast
milk oral care in infants with prolonged endotracheal
intubation and mechanical ventilation after cardiac surgery
is worthy of clinical application.
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