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ABSTRACT

Background: Cardiopulmonary bypass may cause serious
impairment of lung function. It has been reported that admin-
istration of mucosolvin can prevent acute respiratory insuffi-
ciency through the improvement of pulmonary surfactant.

Objectives: This study aimed to explore the effects of
high-dose mucosolvin on infant lungs following cardiopul-
monary bypass.

Methods: One hundred infants were randomly divided
into 2 groups. In Group 1, patients did not receive any respi-
ratory drug perioperatively and underwent conventional
mechanical ventilation postoperatively. In Group 2, patients
were administered mucosolvin (15 mg/kg per day) periop-
eratively, and doxofylline (15 mg/kg per day) and ipratro-
pium bromide solution (200 pg) were administrated post-
operatively. Mechanical ventilation parameters, pulmonary
surfactant-related protein (SP-B), and cytokines were evalu-
ated after induction of anesthesia and 30 minutes, 24 hours,
and 48 hours after CPB.

Results: At the end of CPB, all PaO2/FiO2 values in Group
2 were higher than those in Group 1. Postoperative SP-B levels
in Group 1 decreased significantly compared to the baseline
value (P < .05). There was no significant difference in hospital-
ization time between both groups, but both mechanical venti-
lation time and intensive care unit time of infants in Group 2
were significantly shorter than those in group 1 (P < .05).

Conclusions: These findings indicate that high-dose
mucosolvin has certain protective effects on respiratory func-
tions in infants undergoing heart operations with CPB and
that it that has no adverse effects.

INTRODUCTION

The cardiopulmonary bypass (CPB) procedure is a prereq-
uisite for the treatment of congenital heart disease; however,
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many factors, including mechanical factors, pulmonary isch-
emic reperfusion injury, and systemic inflammatory response
syndrome (SIRS), can cause changes in respiratory function
after CPB that may even induce acute lung injury (ALI). This
is more serious for infants who undergo cardiac surgery, and
infant mortality related to ALI can reach between 15% and
50% [Haslam 1997; Yamaki 1997; Milot 2001].

It has been reported that administration of mucosolvin
between 27 to 34 completed weeks of pregnancy can pre-
vent neonatal acute respiratory distress syndrome (ARDS)
[Loaog-Fernandez 2000]. Patients suffering from ARDS are
deficient in pulmonary surfactant (PS). After CPB, infants
are prone to suffer from respiratory insufficiency and ALL
It remains unclear whether the PS in the infants is lost or
deficient. The aim of this study was to test whether muco-
solvin can reduce the loss of PS postoperatively and protect
pulmonary function.

MATERIALS AND METHODS

One hundred infants who underwent cardiac surgery
between March 2009 and June 2010 were studied. The inclu-
sion criteria for this study were as follows: infants aged less
than 1 year who were definitely diagnosed with simple con-
genital heart disease that involved a left-to-right shunt. The
procedure was explained to the guardians of the infants, who
signed an informed consent form prior to the surgery. This
study was approved by the Xijing Hospital Ethics Committee
(NO. 20090210037).

The exclusion criteria were as follows: 1) the coexis-
tence of complications, including pneumonia, heart failure,
and systemic disease, among others; 2) a definite history of
drug allergy; 3) failure to meet the inclusion criteria after
enrollment; 4) serious adverse reactions to Mucosolvin;
and 5) inability to continue receiving clinical observation.

Infants that met the inclusion criteria were divided into
2 groups in a randomized and double-blinded manner. Group 1,
the control group, had 50 patients with a mean age of 5.23 =
0.33 months and an average body weight of 5.38 + 0.62 kg
(Table 1); no other respiratory drug was administered to any
of the patients in the control group during the periopera-
tive CPB period, and a conventional respirator was used for
respiratory assistance after CPB. The parameters for respira-
tor assistance were set as follows: tidal volume, 10-15 mL/kg;
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Table 1. General Patient Demographics*

Age, mo Body Weight, kg Diseases
Control group (n = 50) 523+0.33 5.38 £ 0.62 VSD50+ASD(18)+PDA(12)+PH(33)
Experimental group (n = 50) 5.51+0.43 5.26 +0.22 VSD50+ASD(16)+PDA(10)+PH(36)

*There was no significant difference in preoperative general information between groups. VSD indicates ventricular septal defect; ASD, atrial septal defect;

PDA, patent ductus arteriosus; PH, pulmonary hypertension.

frequency, 20-28 times/min; and positive end-expiratory pres-
sure (PEEP), 3-5 mm Hg. If necessary, a respiratory bag was
used for pulmonary inflation and sputum aspiration. Group 2,
the experimental group, comprised 50 patients with a mean
age of 5.51 = 0.43 months and an average body weight of
5.26 £ 0.22 kg. Mucosolvin (15 mg/kg per day) was adminis-
tered orally to these patients preoperatively; the same dosage
of mucosolvin (15 mg/kg per day) was given by continuous
pumping with a micro-pump intraoperatively and 5 days post-
operatively. They received doxofylline (15 mg/kg per day) by
intravenous injection and 200 pg ipratropium bromide solu-
tion by airway inhalation (4 times per day for 5 days) postop-
eratively. Each patient underwent surgery with the same set of
surgeons, anesthetists, perfusionists, monitoring physicians,
and nurses during the trial.

The tested parameters were as follows: 1) respiratory
mechanics parameters, including pulmonary static compli-
ance (Cstat), platform pressure (Pplat), and airway resistance
(R); 2) SP-B; 3) cytokines, including tumor necrosis factor
(TNF)-a) and interleukin-1 (IL-1); and 4) liver and renal
function parameters, including glutamic-oxalacetic transam-
inase (GOT), glutamic-pyruvic transaminase (GPT), biliru-
bin (BIL), creatinine clearance (Cr), and blood urea nitrogen
(BUN). The time points for testing these parameters were as
follows: 1) baseline values after the induction of anesthesia;
2) 30 minutes after CPB; 3) 24 hours after CPB; 4) 48 hours
after CPB; and 5) repeat liver and renal function tests just
before discharge. Furthermore, differences in mechanical
ventilation times, the duration of time in intensive care unit
(ICU), and the duration of hospitalization (in days) between
both groups were also compared.

Respiratory Mechanics Measurement

Mechanical ventilation was provided by Type-840 respi-
rators, and the respirator parameters were as follows: tidal
volume (V.), 8-15 (mL/kg); inspiratory flow (V,) waveform,
square wave; inspiratory/expiratory rate, 1:1.5. Infants in the
experimental group were given morphine (0.1 mg/kg) and
midazolam (0.1 mg/kg) for sedation and vecuronium bromide
(0.1 mg/kg) for muscular relaxation; after stable ventilation
was achieved for 10 minutes and the inspiration control key

Table 2. Immediate Postoperative Results in Both Groups*

was pressed for more than 1 second, the built-in system for
testing respiratory mechanics parameters in the respirator
started to measure respiratory mechanics parameters and to
test and record hemodynamics parameters.

Determination of SP-B, TNF-o, and IL-1

Arterial blood specimens were drawn from infants in accor-
dance with the required volume intraoperatively and at 6:00
a.m. on the day after CPB under fasting conditions. Samples
were immediately centrifuged, and the obtained supernatant
was stored in a refrigerator at —20°C. Enzyme-linked immu-
nosorbent assay (ELISA) was used to measure serum SP-B,
TNF-o (Yuanye Bio-Technology Limited, Shanghai, China),
and IL-1 (Cell Sciences, Canton, MA, USA).

Statistical Analysis

Numeric variables are expressed as mean = standard devia-
tion (M = SD), and statistical analysis was performed with
SPSS 14.0 for Windows (SPSS, Chicago, IL, USA). Prob-
ability values less than 0.05 were considered statistically
significant.

RESULTS

There were no differences in the preoperative demographic
data, CPB time, or aorta occlusion time between infants in
both groups (Tables 1 and 2, respectively). However, there
were changes in the respiratory mechanics parameters of
infants in both groups immediately after the completion of
CPB; those in the control group changed more significantly
(Table 3).

There was mainly a significant decrease of C_ at 1 hour
and 24 hours after CPB in comparison to the baseline values
(P < .05). In the test group, C_ at 1 hour after CPB was sig-
nificantly lower than its baseline value (P < .05). P, at I hour
after CPB and R values at 1 hour and 24 hours after CPB in
the control group; additionally, R value at 24 hours after CPB
in the test group were significantly higher than the respective
baseline values (P < .05). C_ at 1 hour after CPB in the test
group was significantly higher than that in the control group
(P < .05), and R values at 1 hour and 24 hours after CPB in

CPB Time Aorta Clamping Time Mechanical Ventilation Time ICU Time Hospitalization Time
Control group (n = 50) 63.09 + 5.69 33.31+5.79 19.28 + 4.69 3.46 £ 0.48 19.58 +2.85
Experimental group (n = 50) 62.08 £2.02 32.05 + 6.39 17.581 + 6.88 3.02 £ 0.63F 17.86 = 1.59

*Cardiopulmonary bypass (CPB) time and occlusion time in both groups had no significant difference. ICU indicates intensive care unit.
tMechanical ventilation and ICU time in the test group were significantly shorter than those in the control group (P < .05).
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Table 3. Changes in Respiratory Mechanics at Different Time Points in Both Groups*

Control Group (n = 50)

Experimental Group (n = 50)

Cstat Plat Cstat Plat R
Baseline value 5.46 +2.98 16.00 + 4.78 53.87 + 6.81 5.48 +3.18 15.64 + 3.96 51.96 + 5.77
CPB end 4.84 £ 1.61 16.18 + 3.82 63.79 £ 4.26 5.25+ 1.69 16.01 £2.99 52.90 + 6.51t
One hour after CPB 4.30 + 1.56% 21.83 +3.33¢ 68.73 + 8.89% 5.18 + 1.62t 18.08 + 3.74 58.00 + 9.831
24 hours after CPB 4.47 £ 1.25% 18.61 + 3.98 57.25 +23.55% 5.36 + 1.86 16.64 = 4.44 54.46 + 11.15¢

*Compared with the baseline values, C

stat

after cardiopulmonary bypass (CPB) in both groups decreased with different degrees; 1-hour and 24-hour postop-

erative C_ _ values in the control group had significant differences in comparison to baseline values (P <.05). The postoperative C__ value at 1 hour in the test group
stat stat

was significantly lower than the baseline value; the 1-hour and 24-hour postoperative R values in the control group, as well as the 24-hour postoperative R value

in the test group were significantly higher than the baseline values; the 1-hour postoperative C

value in the test group was significantly higher than in the control

stat

group (P <.05); and the 1-hour and 24-hour postoperative R values in the test group were significantly lower than those in the control group (P < .05).

tln comparison to the control group (P <.05).
$In comparison to the baseline value (P <.05).

the test group were significantly lower than those at the cor-
responding time points in the control group (P < .05).

After CPB, oxygenation parameters in both groups were
significantly reduced, and the PaO, and PaO,/FiO, values
at the end of CPB were reduced significantly in both groups
(P < .01; Figure 1). In the control group, PaO,/FiO, values
at all time points were significantly lower than their baseline
values (P < .05 to P <.01). In the test group, PaO,/FiO, values
at 1 hour and 24 hours after CPB were significantly lower
than the baseline values (P < .05) but higher than values at
corresponding time points in the control group (P < .05).
In the test group, PaO,/FiO, values at 48 hours after CPB

450
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250 | ¥ Pa0, in control group

¥ Pa0, in control group

4 Pa0,/FiO, in test group
150 8 Pa0,/Fi0, in test group

100

50

CPBEnd 1hafter 24hafter 48h after
Values CPB CPB CPB

Baseline

Figure 1. Oxygenation changes at different time points in both groups.
Compared with baseline values, both PaO, and PaO,/FiO, values at
the end of cardiopulmonary bypass (CPB) were reduced significantly
(P < .01). In the control group, PaO,/FiO, values at all time points
were significantly lower than baseline values (P < .05 ~ P <.01); 1-hour
and 24-hour postoperative PaO,/FiO, values were significantly lower
than baseline values (P < .05); 48-hour postoperative PaO, /FiO, levels
were not significantly different from preoperative values (P > .05). In the
test group, 1-hour and 24-hour postoperative PaO,/FiO, values were
significantly higher than those at corresponding time points in the con-
trol group (P <.05). Due to different oxygen inhalation concentrations
(FiO,), postoperative PaO, changes were not of statistical significance.
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were not significantly different from the preoperative values
(P > .05); due to different oxygen inhalation concentrations
(Fi0O,), postoperative PaO, changes were not of statistical
significance (Figure 1). There were no differences in hospi-
talization time between both groups, but mechanical venti-
lation time and ICU time in infants in the test group were
significantly shorter than those in the control group (P < .05;
Table 2).

After the CPB procedure was completed, BIL, Cr, and
BUN values in both groups had no significant changes in
comparison to baseline values; however, GOT and GPT
values at 24 hours and 48 hours after CPB were significantly
higher than the baseline values (P < .01); before discharge,
GOT and GPT values in both groups returned to normal
levels. Compared with the control group, liver and kidney
function parameters in the test group had no significant

~=+GOT in control group

1407 ~—=— GOT in test group
120 s GPT in control group
100 - s GPT in test group
80 . —=BIL in control group
60 o BIL in test group
«wCr in control group
407 «Cr in test group
20 . BUN in control group
0! 4 ~=+BUN in test group

Enroliment 24 h after 48 h after Before
CcPB CPB Discharge

Figure 2. Liver and renal function changes for infants during the peri-
operative period. Compared with baseline values, 24-hour and 48-hour
postoperative ~glutamic-oxaloacetic transaminase (GOT), glutamic-
pyruvic transanimase (GPT) values in both groups were significantly
increased (P < .01); at discharge, GOT and GPT values in both groups
decreased significantly, and there were no significant differences in com-
parison to preoperative values (P>.05); for other parameters, there were
no significant differences in comparison to baseline values or between the
2 groups. GOT and GPT are measured in IU/L; bilirubin (BIL) and
blood urea nitrogen (BUN) are measured in mmol /L; creatinine clear-
ance (Cr) is measured in umol /L.
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differences (Figure 2). For infants in both groups, TNF-a
and IL-1 during the perioperative period showed no signifi-
cant changes, but postoperative SP-B in the control group
decreased significantly in comparison to its baseline value
(P < .05; Table 4).

DISCUSSION

It is currently thought that changes of respiratory func-
tion in infants after CPB procedures are mainly caused by the
increase in the permeability of pulmonary vessels, in addition
to a decrease of PS. Pulmonary ischemic reperfusion injury
during CPB may induce injury to pulmonary vessels, and
permeability may increase as a consequence in lung capillar-
ies. The generation of oxygen free radicals during CPB can
further worsen damage to the pulmonary vessels. Meanwhile,
CPB can inhibit PS synthesis and reduce its activity, thereby
accelerating oxidative stress and worsening pulmonary insuffi-
ciency. Electron microscopy has proven that CPB can damage
type 1I alveolar epithelial cells, decrease PS, and reduce its
activity. Many factors cause an increase of alveolar tension
and decrease of compliance, which easily induce atelectasis;
thus, shear forces between the normal and alveoli affected
with atelectasis increase, thereby causing ALI or ARDS in
the more severe cases [Laoag-Fernandez 2000; Samir 2002;
Gastiasoro-Cuesta 2006; Cui 2009; Fujii 2010].

Mucosolvin contains active agents that dissolve mucus
and resist oxidation and inflammation. Furthermore, they
promote surfactant generation and alleviate oxidative stress
[Farkhutdinov 2010; Wiktorska 2010], which directly affects
extracellular free radicals and decreases cytokine and leukot-
riene levels, prevents the degranulation of monocytes, mast
cells, basophils, and other granulocytes, and promotes the
generation of PS by type II alveolar epithelial cells.

Previous results have shown that after oral administration
of 100-200 mg/kg mucosolvin for 3 or 6 days, type-II alve-
olar epithelial cells in mice enlarged and lamellated bodies
in alveolar tissues increased significantly [Fu 2004]. Oral
administration of 200 mg/kg mucosolvin was found to make
tritium-labeled palmic acid enter into murine alveoli, and
PS synthesis increased at the same time. Histological results
demonstrated that after receiving 50 mg/kg mucosolvin by
intraperitoneal injection twice a day for 3.5 days continu-
ously, the phosphatide content in the pulmonary tissues of
mice was higher than those in the control group.

There are only a few studies on the use of mucosolvin for
the prevention of lung injuries in infants after CPB; however,
numerous data have showed that mucosolvin can be used
to prevent neonatal ARDS if given during the later stages
of pregnancy and in premature neonates [Schmalisch 1999;
Sweet 1999; Laoag-Fernandez 2000; Fan 2008].

In this study, we found that the PS-related protein SP-B
decreased in both groups after CPB and that it decreased more
significantly in the control group. Although SP-B in the test
group was reduced, there were no statistically significant dif-
ferences; this may be related to the administration of high-
dose mucosolvin during perioperative period. After CPB, the
changes in respiratory mechanics in the test group were smaller
than those in the control group; this may be related to smaller
changes in SP-B levels in the test group. We also found that at
the end of CPB and in the early stage after CPB, oxygenation
parameters in both groups were significantly lower than pre-
operative baseline values, which may be related to the decrease
of SP-B. All postoperative PaO,/FiO, values in the test group
were significantly higher than those at the corresponding time
points in the control group, which may be related to a smaller
degree of variation in SP-B in the test group.

CPB has specific effects on the liver and renal function of
infants, with greatly increased values of GOT, GPT, and BIL.
In general, however, these changes can spontaneously resolve
within a few days of CPB. Our study results also showed that
GOT and GPT increased significantly after CPB; however,
when compared with the control group, there were no nota-
ble changes in the liver and kidney function parameters of
infants in the test group. The postoperative range of increase
was smaller than that in the control group; this suggests that
high-dose mucosolvin has no significant adverse effects on
infants after cardiac surgery.

It has been reported that certain cytokines, including
TNF-o and IL-1, in the serum of patients with ARDS were
overly expressed, and mucosolvin can reduce serum levels of
these factors [Su 2004; Li 2010]. However, this study did not
replicate these findings. This may be because changes in respi-
ratory function in infants after CPB are mainly related to the
decrease in PS, and the correlation between these changes and
systemic inflammatory response syndrome after CPB is low.

Our study results showed that mucosolvin has protective
effects in the lungs of infants during the CPB perioperative
period, and that it has no adverse systemic effects. However, these
findings require further validation with a large-cohort trial.

Table 4. Changes in TNF-a, IL-1, and SP-B at Different Time Points in Infants of Both Groups*

Control Group (n = 50)

Experimental Group (n = 50)

TNF-a IL-1 SP-B TNF-a IL-1 SP-B
Preoperative 0.16 + 0.05 25.35+£9.38 0.15 £ 0.05 0.13 £0.03 24.46 + 6.24 0.14 £0.03
24 hours after CPB 0.16 + 0.06 2742 + 6.13 0.12 + 0.04¢ 0.15 + 0.04 25.19 +5.38 0.13 £ 0.05
48 hours after CPB 0.14 £ 0.06 29.20 + 8.46 0.13 £0.03 0.14 £ 0.05 27.28 £ 4.17 0.14 £ 0.04

*For infants in both groups, tumor necrosis factor (TNF)-a and interleukin-1 (IL-1) values during the perioperative period had no significant changes. SP-B

indicates pulmonary surfactant-related protein; CPB, cardiopulmonary bypass.

tCompared with baseline value, postoperative SP-B value in the control group were significantly reduced (P <.05).
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