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infections in patients with perimembranous ventricular septal defect
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ABSTRACT

KEYWORDS

Background: Ventricular septal defect (VSD) is the most frequent type of congenital heart disease. Conventional methods
to evaluate VSD size and severity are both invasive and cumbersome to perform. We investigated whether the ratio between
the diameter of the defect and the aortic root diameter (Dy,/D,) would accurately reflect the degree of shunted blood and
the severity of VSD in children with perimembranous VSD.

Methods: We recruited 987 children with perimembranous VSD (pmVSD) and used color Doppler echocardiography to
calculate Dygp,/D . 987 healthy children were recruited as control group. The pmVSD group was further stratified into four groups
according to age (1 to 4 y) and again into four groups according to the Dyg,/D,y ratio: children whose Dygp/D,y was 1/S to <1/4,
1/4t0 <1/3,1/3to 1/5, or 1/2 to <2/3 were assigned to groups A, B, C, and D, respectively. Height, weight, infection scores and
systemic-pulmonary circulation ratio (Q,/Q ratio) were compared among groups A, B, C and D. Then the relationship between
the Dygp/D,p ratio and height, weight, Q,/Qj ratio, infection score were analysed by linear regression analysis.

Results: Compared to age-matched children without VSD (the controls), the mean height and weight of children in the
pmVSD group were lower, and heights and weights were negatively correlated with the Dyg,/D,y ratio. This ratio was
significantly reduced in groups C and D compared to control group (both P<0.05). Infection scores of groups A and B were
significantly higher only in the one-year-old subgroup, but were significantly higher in groups C and D for all ages compared to
the control group (both P<0.05). Q,/Q; ratio of group C and D were higher than group A and group B (all P<0.05). Moreover,
Q,/ Qg ratio of group D for all ages were more than 2. In addition, linear regression analysis revealed that the DVSD/DAR ratio
negatively correlated with height and weight and positively correlated with the Q,,/ Qs ratio and infection score.

Conclusions: Our results suggest that the Dyg,/D ,; ratio accurately reflects the growth and pulmonary infection rates in
children with pmVSD. This ratio, therefore, may be a useful additional reference index to predict the consequences of pmVSD.
Perimembranous ventricular septal defect (VSD); growth; pulmonary infection; ratio between defect diameter and the

aortic root diameter (Dyg,/D,g)
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spontaneous postnatal closure by the time the child reaches
S years of age (2), the outcomes are usually growth retardation

and recurrent infections (3). It is very important, accordingly,

Ventricular septal defect (VSD) is the most common type of

congenital heart disease (1). While some VSDs can undergo
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for pediatric cardiologists to predict which complications will
occur and to choose the most suitable time for treatment. This
will result in achieving more scientific-based and individualized
therapy in children with VSD.

Previous studies found that VSD diameter closely correlated
with the different outcomes. However, using simple VSD
diameter to evaluate disease severity has certain shortcomings,
due to the effects of age, body weight, and defect shape on the
diameter (4). Recently, the ratio between VSD area and body
surface area has been considered a more objective reflection

of disease severity, providing an important reference for both
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prognosis and treatment efficacy (S). There is a significantly
different spontaneous closure rate between the patients with ratios
either smaller or larger than 0.5 cm’/m” (6). However, the method
to calculate the ratio is cumbersome to achieve in clinical practice,
due to difficulties in obtaining the body surface index directly. This
has resulted in restricted application of the ratio.

Quantitative assessments of the cardiac shunt have been used
to indicate VSD severity. The systemic-pulmonary circulation
ratio (Q,/Q ratio), left ventricular end diastolic diameter
(LVDd) and left ventricular fractional shortening (FS) have all
been evaluated, with the most widely used method being the
Q,/Qs ratio (5). Catheterization is an invasive and expensive
technique that is difficult to apply in the clinical setting, even
though it is regarded as the gold standard for measuring
VSD severity (7). With the development of color Doppler
echocardiography, the measurement of Q,,/ Qg ratio has gradually
become recognized as a useful method to determine the severity
of VSD (§,6). Conventional ultrasonic pulse wave Doppler
(PWD) is the most common method to measure the Q,/Qg
ratio clinically, but this technique is limited due to measurement
errors that may be related to its relatively complex operation.
Other methods to measure the cardiac shunt have proven to be
insufficient (8,9).

Therefore, there is a clear need to find a simpler method to
assess VSD severity, and this measurement should overcome
the effects of age, body mass, and defect shape. Because VSD is
a congenital heart disease with a persistent left-to-right cardiac
shunt, we hypothesized that the ratio between the diameter of
the defect and the aortic root diameter (Dy,/D,z) would be a
more suitable variable to accurately reflect the degree of shunted
blood and the severity of VSD.

Based on the location of the defect, VSD is divided into four
types: perimembranous VSD (pmVSD), muscular VSD (mVSD),
subarterial VSD (sVSD) and mixed-type VSD. The hemodynamics
vary among the different types, and thus in different treatments
and prognoses. The pmVSD is the most common type, so
children with isolated pmVSD were enrolled in the present study.
Accordingly, we calculated the ratio of Dyg,/D, by color Doppler
echocardiography in children with pmVSD and determined its
relatedness to the children’s subsequent growth and infection
issues. We evaluated whether this ratio could predict the degree of
shunted blood and the severity of VSD.

This procedure is easy to perform, since the diameters of the
pmVSD and aortic root are easy to measure. This makes the new

method more useful in clinical practice.

Patients

Patients with isolated pmVSD of either gender (n=987)

were recruited from the First Affiliated Bethune Hospital,
Jilin University, between January 2004 and December 2011.
Enrollment criteria included: (I) age ranging from 0.5 to
4.5 years, and (II) isolated pmVSD. Exclusion criteria were:
(I) complications of VSD affecting the systemic-pulmonary
circulation ratio, such as VSD with membrane aneurysm and
aortic valve prolapse; (I1I) other types of VSD, such as mVSD,
sVSD, and mixed-type VSD; (III) VSD as a component of other
congenital heart defects (such as Tetralogy of Fallot); (IV)
VSD combined with other serious congenital disorders such as
cerebral palsy; (V) VSD combined with other serious diseases of
other systems, such as leukemia.

Healthy subjects (n=987) having normal findings on physical,
electrocardiography, and echocardiography examinations served
as the control group. The two groups were age- and gender-
matched. The study was approved by the Ethics Committee of
the First Affiliated Bethune Hospital, Jilin University and all
subjects gave informed consent.

Subgroups

The pmVSD group was subdivided into four groups, according
to age: 0.5 to <1.5 y, male n=160 cases and female n=139 cases;
1.5 to 2.5 y, male n=151 cases and female n=129; 2.5 to <3.5y,
male n=122 and female n=105; and 3.5 to <4.5 y, male n=100,
female n=81.

Each age group was further subdivided into four groups
according to Dygp/D,g ratio: (I) 1/5< Dygp/Dar<1/4; (II) 1/4<
Dygp/Dar <1/3; (II1) 1/3< Dygp/Dyr <1/2; and (IV) 1/2<
Dysp/D g <2/3.

Height and weight measurements

Measurements were made according to the method of normal
physical development research for children 0-6 years of age. This
method was provided by the Chinese Ministry of Health.

Color Doppler echocardiography

Two-dimensional echocardiograms were obtained with
a TOSHIBA SSH-880CV echocardiography ultrasound
(TOSHIBA, Japan). One operator, who was blinded to the
different groups, acquired and analyzed all of the images. A
3 MHz frequency probe was placed in the three to four left
parasternal intercostals under supine or left lateral position. All
measurements were made according to American Society of
Echocardiography guidelines (10). Three consecutive cardiac
cycles were measured, and average values were obtained.

The following parameters were derived:

(I) The pmVSD size: the minimum diameter of pmVSD at

left ventricular long axis section, the maximum diameter at aorta



602

Liu et al. Predicting VSD complications

short axis apical four -chamber and apical five-chamber section,
the defect size was calculated as follows, (maximum diameter +
minimum diameter) /2.

(I1) The Q,/Qs ratio: measurement of diameter and velocity
time integral of aortic root and the main pulmonary artery at
sections of left ventricular long axis and aortic short axis, Q,/
Q, ratio was calculated as follows: (nr,” V,)/ (ar,” V,); r,, radius
of the main pulmonary artery; r,, radius of the aortic root; V,
velocity time integral of the main pulmonary artery; and V,,
velocity time integral of aortic root.

(1II) The number of pmVSD, location, color Doppler, and
blood flow crossing the septum.

(IV) Dygp/D,, ventricular septal defect size/diameter of

aortic root.
Follow-up investigation

Follow-up questionnaires were used, in addition to the
following: (I) initial diagnosis date; (II) the echocardiography
report, including pmVSD number, size, location, aortic root
diameter, and complications of a membranous ventricular
septal aneurysm; (III) measurements of height and weight;
and (IV) details on complications such as the occurrence of
respiratory tract infections, including details on the duration

and treatment.
Lower respiratory tract infection score evaluation methods

Lower respiratory tract infections were evaluated by determining
pulmonary blood flow. We adopted a semi-quantitative method
that recorded respiratory tract infections and developed a scoring
system. The scoring rules were: bronchitis, 1 point; pneumonia,
2 points; Killip II heart failure, 1 point, Killip III or IV heart
failure, 2 points; and infections lasting > two weeks, 1 point.

Statistics

Data are expressed as mean * standard deviation. One-way
ANOVA was used for statistical analysis where appropriate.
A linear regression analysis was used to assess relationships
between Dyg,/D, and other measurements. All statistical
analyses were performed by software SPSS 17.0, and P<0.05 was
considered statistically significant.

Height decreased in the C and D DVSD/DAR ratio groups

Compared with the control group, the average heights of groups
A and B were not different, while heights in groups C and D were
decreased for all ages (all P<0.05; Table 1).

Body weight decreased in the C and D DVSD/DAR ratio groups

Compared with the control group, the average body weights
of groups A and B were not different, while body weights in
groups C and D were decreased for all ages (all P<0.0S; Table 1).
Compared with group C, body weights for group D were lower
in the 1 year subgroup (P<0.05).

Respiratory tract infections increased in the C and D DVSD/
DAR ratio groups

Compared with the control group, infection scores of groups
A and B were significantly increased only in the 1 year age
subgroups (both P<0.0S; Table 1). Infection scores of each
age subgroup of groups C and D were increased (all P<0.05).
Moreover, infection scores of group D were higher than group C
in the 1 year subgroup (P<0.05).

QP/QS increased in the C and D DVSD/DAR ratio groups

Compared with the control group, Q,/Qs of each age subgroup
were increased as the Dy,/D,y ratio increased (all P<0.0S;
Table 1). Q,/Q;s of group C and D were higher than group A and
group B (both P<0.0S; Table 1). Moreover, Q,/Qs of group D

was more than 2.

Relationship between DVSD/DAR ratio and measurements of
growth, development, and infection rates

By linear regression analysis, the Dyg,/D,, ratio positively
correlated with Q,/Qs and infection scores (Table 2). Further,
the Dyg,/D,y ratio negatively correlated with height and body
weight (Table 2).

A congenital heart defect is defined as an abnormality in
cardiovascular structure or function that is present at birth,
even if it is discovered much later (11). Ventricular septal
defects represent the most common type and accounts for 25%
of all congenital heart disease. Although VSDs can undergo
spontaneous postnatal closure, frequent outcomes include growth
retardation, recurrent infections, heart failure, and death (12).
Ventricular septal defect size is a major factor affecting prognosis
and is usually assessed by measuring the diameter of the defect (4).
VSD is divided into three types, according to the defect
diameter: a small VSD has diameter <5 mm; a medium VSD
has diameter >5 and <10 mm; and a large VSD has diameter >
10 mm (13). However using simple VSD diameter to evaluate
disease severity has certain shortcomings, due to the effects of
age, body weight, defect shape, and defect type. Other methods,
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Table 1. Heights, Body weights, Infection scores, Q,/Q ratios in the age groups, divided by Dy;s,/D . ratios.
Age (y) n Height (cm) Weight (kg) Infection score Q/Q; divided by Dysp/Dar

Control I 299 71%11.9 9.51+0.90 0.55+0.69 1.00+0.27

2 280 8 +4.1 11.89+0.93 0.40+0.60 1.00+0.23

3 227 96+3.1 13.89+1.17 0.30+0.57 1.00+0.26

4 181 102+3.9 15.26x1.6 0.30+0.57 1.00+0.19
A I 87 71£3.8 9.50=1.52 2.14x1.42 1.15+0.14

2 83 86+7.1 11.78=1.49 1.25+1.18 1.20+0.12

3 70 95+7.1 13.30=1.51 0.33+0.62 1.11+0.20

4 60 101 =3.7 14.70+1.29 0.45+0.69 1.12+0.14
B I 74 71£11.9 8.64x1.77 2.22+1.64° 1.40+0.30

2 70 84+54 11.55+1.72 1.69+1.49 1.51+0.06

3 62 95+5.4 13.12%1.14 0.92+1.08 1.44+0.10

4 53 100+5.8 14.57+1.21 1.00%1.12 1.53+0.23°
C I 68 70+11.2° 8.37+2.21° 2.60+1.81° 1.91+0.55

2 67 83+4.9" [1.03+1.72°¢ 2.27+1.42°¢ 1.80£0.05"

3 55 94 +7.3° 12.84+0.78" |.67+1.73" 1.86+0.07°¢

4 40 99+6.5 13.95+1.62°¢ 1.50+1.07° 1.89+0.15"
D I 70 68+7.1° 7.23+0.93*> 2.94%1.69*" 2.37+0.20°"

2 60 82+5.7° 10.36+1.21%>¢ 2.60+1.78%"¢ 2.17+0.13%¢

3 40 93+5.9° 12.36=1.19° 2.56%1.949" 2.3 £0.25*"¢

4 28 98+4.6° 13.76+1.63% 1.89+1.45° 2.21£0.12%
Data are presented as mean + SD kg. A, 1/5< Dygp/Disg <1/4; B, 1/4< Dygp /D <1/3; C, 1/3< Dygp/Diag <1/2; D, 1/2< Dygp/D g <2/3.°P<0.05
compared with the B group; P<0.05 compared with thecontrol group; ‘P<0.05 compared with the A group; 4P<0.05 compared with the C group.

Table 2. Relationship between Dygp/D,y ratio and measurements
of growth, development, and infection scores.
Dysp/Dag ratio

| year 2 years 3years 4 years
Height -0.248 -0.264 -0.232 -0.21
Weight -0.472 -0.454 -0.439 -0.442
Infection score 0.436 0.432 0.426 0.423
Qp/Qs 0.949 0.927 0.930 0.925
Data are correlation coefficients (R2).

including catheterization, determining the VSD area to body
surface area ratio, or determining the Q,/Qj ratio, are either
invasive or cumbersome to measure in the clinical practice
(5,6). Therefore, it is very important to find a more simple
measurement to determine the severity of VSD.

In the present study, height and weight values of each age
subgroup were decreased as the Dyg, /D,y ratio increased, with
the Dygp/D,p ratio negatively correlating with both height
and weight. This indicates that the Dy,/D g ratio reflects the
growth condition of children with pmVSD. The Dyg,/D,y ratio
negatively correlated with pmVSD, regardless of age. This result

is similar to a previous study by our team using simple pmVSD
size, where we showed that in pmVSD patients, the size of the
left-to-right shunt and abnormal hemodynamics in the pulmonary
circulation are important factors in the etiology of impaired
growth (14). Furthermore, we found that growth condition was
not different to the healthy children in pmVSD patients with Dyp,/
D, <1/3. The height and weight values of each age subgroup were
decreased as the Dy,/ D, ratio increased, with the Dyg,/D,,, ratio
negatively correlating with both height and weight.

Because left ventricular systolic pressure was significantly
higher than the right ventricle in VSD, there exists a left-right
shunt in ventricular leading to systemic circulation insufficiency
and pulmonary circulation congestion (15). Children with
VSD not only have limited growth but also have serious
pulmonary disease, such as recurrent incidences of infection
in the lung. Increasing evidence supports the concept that
pulmonary infection condition reflects pulmonary blood flow
and susceptibility to infection (16). Accordingly, we studied the
relationship between Dyg,/D,; ratio and pulmonary infection.
Compared with control group, infection scores of groups A and
B were significantly increased only in the 1 year age subgroup
and were significantly increased in all subgroups in groups C

and D. Mechanistically, a large pmVSD is more likely to develop
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left ventricular-to-right atrial shunt resulting in pulmonary
circulation congestion (17).

Linear regression analysis showed that the Dy,/D,y ratio
positively correlated with both Q,/Qg and the infection score.
These results suggested that the Dy,/D,y ratio could reflect the
pulmonary infection condition. Moreover pulmonary infection
scores were not increased in pmVSD patients with Dyg,/D,y <1/3,
compared with the healthy children. Therefore, pmVSD children
with Dygp/D,p <1/3 had no limitations in growth and normal
pulmonary health.

The indications for surgical treatment of pmVSD are: age >2 years
with Q,/Qg >2:1 or with infection, growth retardation, or
other clinical symptoms (indicating the ineffectiveness of drug
therapy). In the present study, in cases of Dyg,/D,g <1/3,
pmVSD had little effect on growth and Q,/Qs did not change
significantly. In this case, surgical intervention was not necessary
and follow-up was given regularly. When 1/2< Dy, /D,y <2/3,
indicators of growth were significantly decreased and Q,/ Qg was
significantly increased. Moreover, the pmVSD was less likely to
spontaneously close. Therefore, according to other indicators,
selective surgical intervention should be done to reduce the
further adverse effects of pmVSD.

In summary, using the Dyg,/D,, ratio as a measurement to
evaluate pmVSD severity may avoid the drawbacks of measuring
the simple defect diameter. Though its reliability and prognosis
value need to be further confirmed, we recommend that Dy4,/D ¢
ratio can used as one additional reference index to determine the
size of the perimembranous ventricular septal defect.

Study limitations

The potential limitation in this study is the small population
sample size. A multicenter trial with larger sample size and
longer-term evaluation is warranted to determine if the
independent clinical contribution of Dygp/D . ratio is a sensitive,
noninvasive marker of VSD.
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