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Abstract

Purpose: This study described the preoperative nutritional
status of infants with nonrestricted ventricular septal de-
fects (VSDs) and evaluated its effect on postoperative re-
covery. Methods: We retrospectively collected data from
infants with nonrestricted VSDwho received surgical treat-
ment in our hospital from January 2020 to December 2021
and analyzed their preoperative nutritional status and post-
operative recovery. Results: Fifty (53.8%) patients were
underweight (weight for age Z score (WAZ) ≤–1), and 31
(33.3%) patients were malnourished (WAZ ≤–2). The me-
chanical ventilation time, duration of intensive care unit
stay and hospital stay time after surgery of patients with
WAZ ≤–2 were significantly longer than those of patients
with WAZ >–2 (p < 0.05). The results of linear correla-
tion analysis showed that age, WAZ and prealbumin were
negatively correlated with mechanical ventilation time, du-
ration of intensive care unit stay and hospital stay time af-
ter surgery, respectively. Multiple linear regression anal-
ysis showed that mechanical ventilation time = 7.080 –
0.668 WAZ – 0.013 prealbumin – 0.618 age (R2: 0.729, F:
79.773, p: 0.001); duration of intensive care unit admission
= 11.775 – 1.385WAZ – 0.018 prealbumin – 0.102 age (R2:
0.714, F: 74.072, p: 0.001); and hospital stay time = 17.663
– 1.673 WAZ – 0.017 prealbumin – 1.07 age (R2: 0.711,
F: 72.842, p: 0.001). Conclusion: The incidence of mal-
nutrition in infants with nonrestricted VSD was very high,
and malnutrition had a significant adverse effect on post-
operative recovery. Malnutrition significantly prolonged
mechanical ventilation time, duration of intensive care unit
stay and hospital stay after surgery.
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Introduction

Congenital heart disease (CHD) is the most common
type of congenital malformation, accounting for approx-
imately 28%, and it is also the most common cause of
death in children aged 0–5 years [1,2]. Surgery is the
main method to treat CHD. A large number of studies have
shown that malnutrition is very common in children with
CHD, especially in cases with high-risk factors such as
heart failure and pulmonary hypertension [3–7]. Malnutri-
tion significantly worsens postoperative nutritional status;
affects postoperative recovery; prolongs mechanical venti-
lation time, duration of intensive care unit and hospital stay
time after surgery; and increases mortality [8–10]. There-
fore, it is of great significance to provide preoperative nu-
tritional support and improve preoperative nutritional status
for malnourished infants with CHD [11]. It is of great guid-
ing significance to perform nutritional support that clarifies
the preoperative nutritional status and its influence on the
postoperative recovery of CHD.

Ventricular septal defect (VSD) is the most common
CHD, and nonrestricted VSD is the most severe type. Due
to the large number of left-to-right shunts, patients develop
pulmonary hypertension early and even congestive heart
failure, which requires surgery in young infants [12]. This
study analyzed the preoperative nutritional status of infants
with nonrestricted VSD in our hospital and further evalu-
ated the influence of preoperative nutritional status on post-
operative recovery.

Methods

We conducted a retrospective study. We retrospec-
tively collected data from infants with nonrestricted VSD
who received surgical treatment in our hospital from Jan-
uary 2020 to December 2021 and analyzed their preopera-
tive nutritional status and postoperative recovery. A total
of 93 infants were included according to the criteria. All
patients were treated with oral diuretics to reduce the bur-
den on the heart after hospitalization. There was no sig-
nificant difference in preoperative drug use (Fig. 1). Inclu-

https://doi.org/10.59958/hsf.5707
https://journal.hsforum.com/


sion criteria: infants with nonrestricted VSD who under-
went surgery. The exclusion criteria were as follows: (1)
patients with other serious malformations, such as anal atre-
sia and esophageal atresia; (2) patients complicated with se-
vere disease, such as severe hepatic or renal insufficiency
or severe pneumonia before surgery; (3) patients with ge-
netic syndrome; (4) patients who were premature infants;
(5) patients who died postoperatively; and (6) patients with
incomplete clinical data.

Fig. 1. The sequencial diagram of the study.

Data Collection

We searched and collected data from inpatient records.
The data included birth weight, age, sex, preoperative
weight, weight for age Z score (WAZ), albumin, prealbu-
min, size of VSD, pulmonary arterial hypertension, aortic
occlusion time, extracorporeal circulation time, operation
time, postoperative mechanical ventilation time, postoper-
ative duration of intensive care unit and postoperative hos-
pital stay time.

The weight for age Z score (WAZ) is a child growth
indicator developed by theWHO and is widely used to eval-
uate the nutritional status of children. WAZ between –1 and
+2 indicates normal body weight, and –2<WAZ≤ –1 indi-
cates mild underweight. –3 <WAZ ≤ –2 indicates moder-
ate underweight; WAZ ≤–3 indicates severe underweight.
WAZ ≤–2 is generally considered to be malnourished.

Time of operation: We evaluated the time of opera-
tion on the basis of the patients’ symptoms, chest X-ray
results and echocardiographic results. Surgical treatment
should be considered when patients have the following con-
ditions: symptoms of cardiac insufficiency, such as short-
ness of breath and dyspnea, restricted growth and devel-

opment, chest X-ray showing heart shadow enlargement,
echocardiography showing nonrestrictive ventricular septal
defects, and obvious pulmonary hypertension.

Statistical Analysis

SPSS 25 (IBMSPSS statistics, Chicago, IL, USA)was
used for statistical analysis. Continuous and categorical
variables are expressed as medians with interquartile ranges
(IQRs) and frequencies with percentages, respectively. Pa-
tients were divided into WAZ ≤–2 and WAZ >–2 groups
according to whether they were malnourished. Kruskal-
Wallis and chi-square tests were used for statistical analysis
of continuous data and classified data, respectively. Multi-
ple linear regression analysis was used to analyze the rela-
tionship between WAZ, prealbumin and postoperative me-
chanical ventilation time, postoperative duration of inten-
sive care unit and postoperative hospital stay time.

Results

A total of 93 patients were included in the study, with
60 males and 33 females. The median age was 2.1 (IQR:
1.5, 2.5) months, the median size of VSD was 6.8 (IQR:
6.2, 7.4) mm, and the median pulmonary arterial hyperten-
sion was 54 (IQR: 49.5, 63) mmHg. Nutritional status in-
dicators included birth weight, preoperative weight, WAZ,
albumin and prealbumin. The median birth weight was 3.2
(IQR: 3.0, 3.5) kg, the median preoperative weight was 4.5
(IQR: 3.8, 5.1) kg, the medianWAZwas –1.21 (IQR: –2.07,
–0.31), the median albumin was 35 (32, 38.5) g/L, and the
median prealbumin was 175 (132.5, 199) mg/L. The post-
operative recovery index included postoperative mechani-
cal ventilation time, postoperative duration of intensive care
unit stay and postoperative hospital stay time. The median
postoperative mechanical ventilation time was 4.3 (IQR:
3.35, 5.4) days, the postoperative duration in the intensive
care unit was 8 (IQR: 6, 10) days, and the postoperative
hospital stay time was 14 (12.5, 17) days.

Patient characteristics and postoperative outcomes
categorized by WAZ are shown in Table 1. There were no
significant differences in age, sex, VSD size, pulmonary
arterial hypertension, aortic occlusion time, extracorporeal
circulation time, or operation time between the WAZ ≤–2
and WAZ >–2 groups.

The postoperative mechanical ventilation time, post-
operative duration of intensive care unit stay and postop-
erative hospital stay time of patients with WAZ ≤–2 were
significantly longer than those of patients with WAZ >–2.

Linear correlation analysis showed that age was nega-
tively correlated with postoperative mechanical ventilation
time (r: –0.387, p: 0.001), postoperative duration of inten-
sive care unit (r: –0.360, p: 0.001) and postoperative hos-
pital stay time (r: –0.322, p: 0.002). WAZ was negatively
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Table 1. Patient characteristics and postoperative outcomes categorized by WAZ.
WAZ ≤–2 WAZ >–2 p

Number 31 62
Age (month) 2 (1.3, 2.3) 2.1 (1.5, 2.6) 0.440
Male/female 23/8 41/21 0.429
Size of ventricular septal defect (mm) 6.8 (6.5, 7.8) 6.5 (6.1, 7.2) 0.113
Pulmonary arterial hypertension (mmHg) 56 (50, 68) 52 (49, 60) 0.185
Operation time (minute) 176 (168, 189) 170 (165, 182) 0.186
Extracorporeal circulation time (minute) 65 (67, 70) 66 (61, 70) 0.213
Aortic occlusion time (minute) 35 (33, 37) 35 (32, 37) 0.446
Postoperative mechanical ventilation time (day) 5.6 (5, 6.7) 3.8 (3, 4.4) 0.001
Postoperative duration of intensive care unit (day) 11 (9, 12) 7 (6, 8) 0.001
Postoperative hospital stay time (day) 17 (16, 19) 13 (12, 15) 0.001
WAZ, weight for age Z score.

Table 2. Linear correlation analysis of patient characteristics and postoperative outcomes.
Postoperative mechanical

ventilation time
Postoperative duration of

intensive care unit
Postoperative hospital

stay time

Age r: –0.387, p: 0.001 r: –0.360, p: 0.001 r: –0.322, p: 0.002
Size of ventricular septal defect r: 0.165, p: 0.115 r: 0.177, p: 0.089 r: 0.127, p: 0.227
Pulmonary arterial hypertension r: 0.167, p: 0.111 r: 0.163, p: 0.120 r: 0.160, p: 0.126
WAZ r: –0.777, p: 0.001 r: –0.776, p: 0.001 r: –0.799, p: 0.001
Albumin r: –0.184, p: 0.077 r: –0.147, p: 0.161 r: –0.191, p: 0.067
Pre-albumin r: –0.710, p: 0.001 r: –0.697, p: 0.001 r: –0.696, p: 0.001
Extracorporeal circulation time r: 0.150, p: 0.152 r: 0.174, p: 0.096 r: 0.135, p: 0.199

correlated with postoperative mechanical ventilation time
(r: –0.777, p: 0.001), postoperative duration of intensive
care unit (r: –0.776, p: 0.001) and postoperative hospital
stay time (r: –0.799, p: 0.001). Prealbumin was also nega-
tively correlated with postoperative mechanical ventilation
time (r: –0.710, p: 0.001), postoperative duration of inten-
sive care unit (r: –0.697, p: 0.001) and postoperative hos-
pital stay time (r: –0.696, p: 0.001) (Table 2).

The relationship between mechanical ventilation time
and WAZ, prealbumin and age could be expressed by the
following regression equation: mechanical ventilation time
= 7.080 – 0.668 WAZ – 0.013 prealbumin – 0.618 age (R2:
0.729, F: 79.773, p: 0.001). The higher the value of WAZ,
prealbumin and age, the lower the mechanical ventilation
time, and the total effect of the three independent variables
on mechanical ventilation time reached 72.9%. The rela-
tionship between duration of intensive care unit stay and
WAZ, prealbumin and age could be expressed by the fol-
lowing regression equation: duration of intensive care unit
stay= 11.775 – 1.385 WAZ – 0.018 prealbumin – 0.102 age
(R2: 0.714, F: 74.072, p: 0.001). The meaning was that the
higher the values of WAZ, prealbumin and age were, the
lower the duration of intensive care unit stay, and the to-
tal effect of the three independent variables on the duration
of intensive care unit stay reached 71.4%. The relationship
between hospital stay time and WAZ, prealbumin and age
could be expressed by the following regression equation:

hospital stay time = 17.663 – 1.673 WAZ – 0.017 preal-
bumin – 1.07 age (R2: 0.711, F: 72.842, p: 0.001). The
meaning was that the higher the values of WAZ, prealbu-
min and age were, the lower the duration of hospital stay
time, and the total effect of the three independent variables
on the duration of intensive care unit stay reached 71.1%.

Discussion

Malnutrition negatively affects growth and neurocog-
nitive development, especially in patients with CHD [13,
14]. Patients with CHD are prone to cardiac insufficiency
due to abnormal hemodynamics, which increases energy
consumption, and combined with insufficient caloric in-
take, malnutrition in patients with CHD is very common
[15,16]. Inadequate protein and energy intake can also lead
to loss of skeletal and cardiac muscle, which would worsen
cardiac compensatory dysfunction and failure [17]. Surgery
for CHD has a positive effect on weight gain [18,19]. How-
ever, preoperative malnutrition increases the risk of cardiac
surgery, impairs recovery and even increases mortality after
cardiac surgery [20,21]. Nutritional status is a potentially
modifiable risk factor [11]. Therefore, optimizing the pre-
operative nutritional status of patients with CHD will im-
prove postoperative outcomes. However, there is no con-
sensus on the optimal nutrition support strategy for patients
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with CHD, especially the nutrition management of patients
with severe CHD. The analysis of the preoperative nutri-
tional status of patients with nonrestricted VSD and the in-
fluence of preoperative nutritional status on postoperative
recovery had important reference significance for develop-
ing the optimal preoperative nutritional management strat-
egy.

We retrospectively analyzed the preoperative nutri-
tional status of patients with nonrestricted VSD in our hos-
pital and further evaluated the influence of preoperative
nutritional status on postoperative recovery. Our results
showed that patients with nonrestricted VSD had serious
nutritional problems, with 53.8% underweight (WAZ ≤–
1) and 33.3% malnourished (WAZ ≤–2). Marino et al.
[22] reported that 28.2% of infants were malnourished be-
fore surgery. In an Australian study, 23% of infants were
malnourished before surgery [8]. Our study also found
that infants with nonrestricted VSD had serious nutritional
problems, with 53.8% being underweight (WAZ ≤–1) and
33.3% being malnourished (WAZ ≤–2). Since the patients
in our study had nonrestricted VSD with relatively severe
cardiac malformation, the incidence of malnutrition was
higher than that in other studies. It can also be inferred that
severe CHD is associated with a higher risk of malnutrition
and needs more attention.

Many studies have shown that low WAZ was associ-
ated with longer postoperative mechanical ventilation time,
postoperative duration of intensive care unit and postoper-
ative hospital stay time [23–25]. The same results were
found in this study. The postoperative mechanical venti-
lation time, postoperative duration of intensive care unit
stay and postoperative hospital stay time of patients with
WAZ ≤–2 were significantly longer than those of patients
with WAZ>–2. Further linear analysis results also showed
thatWAZwas significantly negatively correlated with post-
operative mechanical ventilation time, postoperative dura-
tion of intensive care unit stay and postoperative hospital
stay time. With decreasing WAZ, postoperative mechani-
cal ventilation time, postoperative duration of intensive care
unit and postoperative hospital stay time were significantly
extended. Although WAZ can provide an assessment of
nutritional status, it lacks the ability to differentiate mus-
cle reserves. Leite et al. [26] found that low protein and
low muscle reserve were not conducive to postoperative re-
covery and prolonged the time of postoperative mechani-
cal ventilation, postoperative intensive care unit stay and
postoperative hospital stay. We further analyzed the effect
of prealbumin on postoperative recovery, and the results
showed that prealbumin was also significantly negatively
correlated with mechanical ventilation time, postoperative
intensive care unit stay and postoperative hospital stay time.
Pulmonary hypertension and congestive heart failure occur
early in nonrestricted VSD. Surgery is needed as early as
in young infants, and the physiological energy, protein and
muscle reserves of these patients are poor. Therefore, we

should strengthen the protein and muscle reserve of infants
with nonrestricted VSD before surgery, with the introduc-
tion of high-calorie milk formula, micronutrient, calorie or
protein additives.

Multiple linear regression analysis showed that WAZ,
prealbumin and age significantly affected the postopera-
tive recovery of patients with nonrestricted VSD, and they
contributed 72.9%, 71.4% and 71.1% to the extension of
mechanical ventilation time, postoperative intensive care
unit stay and postoperative hospital stay time, respectively.
Early operation is beneficial to improve the nutritional sta-
tus of infants with CHD. Therefore, early surgery can be
a protective factor for improving nutrition. This seems to
contradict this study. Due to the serious condition of non-
restricted VSD, surgery is needed in the early infant period,
and nutrition and energy reserves are often poor. As a result,
early surgery will have a greater impact on postoperative
recovery. Therefore, for patients with nonrestricted VSD,
pulmonary artery pressure, cardiac function, and growth
should be closely evaluated, and surgery should be per-
formed as early as possible when circumstances permit.
Nutritional support and protein and muscle reserve should
also be enhanced during feeding.

There were some limitations in this study. First, this
study was a single-center retrospective study. Second, the
sample size of this study was small. Third, we only eval-
uated the effect of preoperative nutritional status on post-
operative short-term outcomes, and it would be interesting
to evaluate the effect of nutritional status on long-term out-
comes. However, no such data were collected in this study.
We will continue this research in the future.

Conclusion

The incidence of malnutrition in infants with nonre-
stricted VSD was very high, and malnutrition had a signifi-
cant adverse effect on postoperative recovery. Malnutrition
significantly prolonged mechanical ventilation time, dura-
tion of intensive care unit stay and duration of hospital stay
after surgery. Preoperative nutritional support should be ac-
tively performed to improve preoperative nutritional status
and increase protein and muscle reserve.

Abbreviations
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range;WAZ,weight for age Z score; CHD, Congenital heart
disease.
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