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Lung function asymmetry in children with congenital
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Abstract BACKGROUND CONTEXT: Progressive scoliosis alters lung function by reducing chest wall
compliance and excursion and rotating intrathoracic contents, producing an increasingly asymmet-
ric lung size. The effect of this distortion on regional lung perfusion and ventilation has not been
described in children with congenital and infantile forms of scoliosis. The severity of scoliosis is
often described by the Cobb angle of the spine, but the relationship between Cobb angle and lung
function asymmetry between concave and convex lungs has not been described in this group of
children.
PURPOSE: To describe the frequency of asymmetric lung perfusion and ventilation among chil-
dren with congenital or infantile thoracic scoliosis before surgical treatment and the relationship
between Cobb angle and asymmetry of lung function.
STUDY DESIGN/SETTING: Prospective comparison of lung perfusion scans and spine film find-
ings in children evaluated in two pediatric spine referral clinics for expansion thoracoplasty and
vertical expandable prosthetic titanium rib (VEPTR) implantation.
PATIENT SAMPLE: Thirty-nine children, aged 1 year 8 months to 15 years 6 months, with con-
genital or infantile forms of scoliosis who are clinically stable outpatients and have neither primary
pulmonary disease nor neuromuscular weakness.
OUTCOME MEASURES: 1) Cobb angle measurements from weightbearing spine films and 2)
right and left contributions to total lung perfusion and total lung ventilation compared with normal
values.
METHODS: Lung perfusion scans using technetium-labeled albumin macroaggregates were per-
formed in all children; 15 of the children also underwent ventilation lung scans using aerosolized
technecium-labeled diethylenetriaminepentaacetic acid (DTPA). The degree of asymmetry between
right and left lung function from the normal right-to-left lung distribution was correlated with the
Cobb angle of the spine. Ventilation and perfusion asymmetry between right and left lungs was also
compared.
RESULTS: Sixteen of the 25 children with congenital scoliosis had fused ribs; 13 additional chil-
dren had infantile scoliosis. Cobb angles ranged from 30� to 112� in the group (median571�), with
the concave lung being the left lung in 61% of cases. Lung function relations between the right and
left lungs were abnormal (O5% deviation from the normal 55% right [R]/45% left [L]) in 21 (54%)
patients. Right-left contributions to lung perfusion ranged from 86% R/14% L to 26% R/74% L
among the 39 children. Lung function in the concave lung was reduced below the normal proportion
in only 20 children (51%). Lung function asymmetry, measured as the deviation from the normal
contributions of the right and left lungs, did not correlate with Cobb angle values (r5.14, p5.4).
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Ventilation asymmetry and perfusion asymmetry were concordant and correlated closely (r5.93,
p!.0001).
CONCLUSIONS: Asymmetric ventilation and perfusion between the right and left lungs occurs
in more than half of the children with severe congenital and infantile thoracic scoliosis. However,
the severity of lung function asymmetry does not relate to Cobb angle measurements. Asymmetry
in lung function is influenced by deformity of the chest wall in multiple dimensions, and cannot be
ascertained by chest radiographs alone. � 2008 Elsevier Inc. All rights reserved.
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Introduction

Congenital and infantile scoliosis are conditions of the
spine and chest wall that can progress during childhood,
resulting in increasing chest wall distortion and restrictive
respiratory disease [1–5]. Measurements of vital capacity
in children with these conditions old enough to undergo
spirometry demonstrate greater reduction in predicted vital
capacity than in children with similar Cobb angles who de-
velop scoliosis in adolescence [6]. Recently, expansion
thoracoplasty and vertical expandable prosthetic titanium
rib placement have been used to lengthen the concave por-
tion of the chest, reduce spine curvature, and allow for tho-
racic spine growth while children grow in height [7,8]. The
indication for these procedures is the presence of thoracic
insufficiency syndrome, defined as the inability of the tho-
rax to support normal respiration or lung growth in a skele-
tally immature patient. The methods to diagnose thoracic
insufficiency syndrome are evolving to include measures
of respiratory function in addition to structural features of
the thorax and spine. The spirometric measure of vital ca-
pacity has been used to assess lung function when children
are old enough to perform the test. Although infant lung
function testing of vital capacity has become standardized,
equipment to perform this test is not readily available at
many medical centers [9]. The use of assessment methods
that describe additional respiratory functional features of
children with thoracic insufficiency syndrome would com-
plement existing spirometric measures in all age groups and
strengthen the criteria for surgical intervention in very
young children.

Children with congenital and infantile scoliosis demon-
strate asymmetry in right and left lung fields in chest radio-
graphs as the spinal deformity worsens. Ventilation and
perfusion scans of the lungs have been used to assess the
relative contribution of each hemithorax to breathing at rest
in children with idiopathic scoliosis [10–12], but there is no
literature relating asymmetry of lung function to the sever-
ity of the spinal curve in children with congenital and in-
fantile forms of scoliosis. We studied right and left lung
function, as measured by lung ventilation and perfusion
scans, in children with congenital or infantile thoracic sco-
liosis and related these findings to the convex and concave
sides of the chest and to the severity of the spine deformity,
based on the Cobb angle. We hypothesized that increases in
Cobb angle would correlate with increasing lung function
asymmetry between the right and left lungs in this group
of children.

Methods

Thirty-nine children, aged 1 year 8 months to 15 years 6
months, diagnosed with congenital or infantile scoliosis and
under consideration for expansion thoracoplasty and verti-
cal expandable prosthetic titanium rib placement, were
studied preoperatively at our Chest Wall Disorder Centers
(Seattle, WA and San Antonio, TX). The study was part
of a larger study to evaluate the impact of expansion thor-
acoplasty as a treatment for this group of children and was
approved by the Institutional Review Boards in each insti-
tution. Informed consent was provided by the parents of ev-
ery subject. None of the children had previously undergone
spinal surgery, and all were clinically stable and free of re-
spiratory infections at the time of the assessments. All chil-
dren were spontaneously breathing without the support of
mechanical ventilation during evaluation. Thirty-seven
children had a weightbearing spine radiograph from which
Cobb angle was measured within 1 week of the lung scans;
two children had Cobb angle measured within 3 months of
the lung scans. All children underwent lung perfusion scans
in the supine position using Tc99M-radiolabeled albumin
macroaggregates while awake. In the subset of 15 children
studied in Seattle, lung ventilation scans were also per-
formed with inhalation of Tc99M-labeled DTPA in the su-
pine position on the same day as the perfusion scan.
Duration of scanning time after a 3-minute inhalation or in-
fusion for each type of scan was 10 minutes. A geometric
mean of the relative proportion of radiolabeled material
for the right and left lungs measured from the anterior
and posterior cameras was derived for the calculation of
relative right and left lung function.

Cobb angle was measured and recorded in each center
by the orthopedic investigators (KS, RC), who were un-
aware of scan results. Ventilation and perfusion scans were
quantified as the percentage of total lung function per-
formed by the right and left lungs, respectively. Normal dis-
tribution of lung function was considered to be 55% on the
right and 45% on the left, based on published norms in chil-
dren [13]. Deviation of greater than 5% beyond this rela-
tionship, ie, 60% right (R)/40% left (L) or 50% R/50% L
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was considered to be abnormal, consistent with previous
reports [13,14].

Descriptive data for the group were summarized, and the
relative proportion of total ventilation and perfusion of the
lung on the concave side was noted. The chi-square method
was used to determine if lung function was preferentially
reduced on the concave side of the chest. Asymmetry in
lung function, defined as the difference in right and left
lung function from the normal 55% R/45% L distribution,
was then correlated with Cobb angles using a nonparametric
Pearson correlation coefficient. Asymmetry in ventilation
was correlated with lung perfusion asymmetry in the subset
of patients who were studied with both techniques also us-
ing the Pearson correlation coefficient. Data were analyzed
using descriptive statistics, and correlations were computed
using the SPSS statistical software package (SPSS Inc.,
Chicago, IL). p!.05 was considered a significant level for
correlations between lung asymmetry and Cobb angle mea-
surements and between lung ventilation and perfusion
asymmetry.

Results

Demographic and thoracic spine characteristics for the
39 children studied are listed in Table 1. Twenty-five chil-
dren had congenital scoliosis and 64% of them also had
fused ribs. Thirteen children had infantile scoliosis without
neuromuscular disease, and one child had arthrogryposis.
The median value of the Cobb angle was 71� (range530–
112�). The left side of the chest was more commonly the
concave chest (24/39 patients). Twenty-one of 39 children
(54%) had more than a 5% deviation from the normal
55% R/45% L proportion of total function. The distribution
of deviations from the normal right-to-left distribution of
lung function for the group is depicted in Fig. 1. Half of
the children with asymmetric lung function had reduced
function, ie, O5% reduction beyond the predicted contribu-
tion of the right or left lung, in the concave lung (p5.50,
chi-square). There was no difference in frequency of lung
asymmetry between the children with fused ribs (8/16,
50%) and those without fused ribs (11/23, 48%). The rela-
tionship of lung function asymmetry, ie, deviation from
normal right and left lung proportions, and Cobb angle is
presented in Fig. 2. There was no correlation between Cobb
angle and lung function asymmetry based on lung perfusion
scans (r5.14, p5.40). The relationship between proportion
of ventilation and proportion of perfusion of the right lungs
for the group is portrayed in Fig. 3. (Portrayal of left lung
function was the reciprocal of the right lung data and is not
shown.) There was a close concordant correlation between
ventilation and perfusion of the lung regardless of the de-
gree of lung function asymmetry (r5.93, p5.0001), sug-
gesting that ventilation and perfusion in each lung were
well-matched. This also suggests that perfusion scans can
be used in place of ventilation scans when no intrinsic lung
disease exists.
Discussion

Children with congenital and infantile scoliosis develop
variable degrees of restrictive chest wall disease as the
spine deformity progresses. Traditional measures of the
functional pulmonary consequences of scoliosis include vi-
tal capacity and respiratory muscle strength in older chil-
dren and adults [1,2,15]. However, in young children,
these measurements, which require cooperation, are not
feasible. Although infant lung function testing has become
increasingly available, it does not apply to children O3
years of age but !6 years of age, the age range of many
of the patients who present with this condition [9]. Addi-
tional ways to measure the functional impact of progressive
chest wall deformity associated with scoliosis in young
children are needed.

Table 1

Patient characteristics (N539)

Patient # Diagnosis Age Cobb degrees Concave side QL QR

1 C/F 1 y 8 mo 60 L 53 47

2 C/F 1 y 10 mo 60 L 46 54

3 C/F 2 y 6 mo 52 L 33 67

4 C/F 2 y 7 mo 30 R 45 55

5 C/F 3 y 2 mo 53 L 46 54

6 C/F 3 y 4 mo 80 L 34 66

7 C/F 3 y 11 mo 49 R 49 51

8 C/F 4 y 8 mo 60 L 44 56

9 C/F 6 y 4 mo 55 L 50 50

10 C/F 6 y 11 mo 58 L 44 56

11 C/F 7 y 7 mo 112 L 33 67

12 C/F 8 y 2 mo 76 L 37 63

13 C/F 9 y 10 mo 100 R 53 47

14 C/F 11 y 2 mo 55 R 14 86

15 C/F 13 y 85 R 72 28

16 C/F 13 y 3 mo 60 R 41 59

17 C 1 y 92 R 58 42

18 C 1 y 7 mo 50 L 41 59

19 C 2 y 7 mo 41 L 43 57

20 C 3 y 1 mo 90 L 53 47

21 C 4 y 53 L 62 38

22 C 4 y 7 mo 92 R 50 50

23 C 6 y 8 mo 75 R 52 48

24 C 13 y 3 mo 63 L 38 62

25 C 14 y 4 mo 58 L 19 81

26 O 3 y 4 mo 111 R 49 51

27 I 2 y 105 L 45 55

28 I 4 y 8 mo 74 L 41 59

29 I 5 y 2 mo 70 L 38 62

30 I 2 y 1 mo 83 L 49 51

31 I 3 y 2 mo 46 L 53 47

32 I 4 y 7 mo 92 L 47 53

33 I 5 y 1 mo 102 L 74 26

34 I 5 y 5 mo 107 R 43 57

35 I 5 y 6 mo 38 R 48 52

36 I 6 y 2 mo 71 R 46 54

37 I 7 y 3 mo 96 R 25 75

38 I 8 y 3 mo 98 R 39 61

39 I 11 y 80 L 67 33

C/F5congenital scoliosis with fused ribs; C5congenital scoliosis with-

out fused ribs; I5infantile scoliosis; O5other (arthrogryposis); L5left;

R5right; QL5perfusion to left lung; QR5perfusion to right lung.



Fig. 1. Distribution of right and left lung contributions among 39 patients with congenital and infantile scoliosis. The shaded area represents the range of

normal values in right and left lung perfusion.

642 G. Redding et al. / The Spine Journal 8 (2008) 639–644
One consequence of the three-dimensional change in
chest wall configuration is the progressive asymmetry in
lung size on spine radiographs. Use of computed tomogra-
phy and new software programs now allow for measure-
ments of regional lung volumes rather than size of the
lung in one dimension [16]. However, lung volumes are
not a measure of ventilation or perfusion of each lung. This
study is the first to describe regional lung function and
relate it to the Cobb angle in children with congenital
and infantile forms of scoliosis. The results of this study
demonstrate that reduced lung function does not invariably
occur in a convex or concave lung despite significant curva-
tures of the spine. They also suggest that one cannot predict
regional lung function based on concavity or convexity of
the lung detected by a spine radiograph. Furthermore, there
was no correlation between Cobb angle and lung function
asymmetry. It is likely that other changes in chest wall con-
figuration, such as kyphosis and spinal rotation as described
by Campbell et al. [8], also influence regional lung func-
tion. The results of this study underscore the position that
lung scans provide information about a functional conse-
quence of scoliosis that is unique and valuable. Significant
lung function asymmetry and progressive lung function
asymmetry may be important considerations for surgical in-
tervention. Importantly, lung perfusion scans can be per-
formed in children of any age as they do not require
voluntary efforts.

Only half of the children in this study had significant
asymmetry in lung function based on ventilation and perfu-
sion scans. This finding is based on the assumption that
there is the same 55% R/45% L lung distribution in func-
tion in children as occurs in adults. Estimates of the normal
distribution of right and left lung function range from 50%
R/50% L to 55% R/45% L in several pediatric series
[13,14]. We also analyzed our data assuming that a 50%
R/50% L was the normal distribution, but this did not alter
the poor correlation with Cobb angles. Although variation
around normal right and left proportional contributions to
total lung function has been described as !5% among chil-
dren [13], there is no literature describing the day-to-day
variability of lung ventilation and perfusion scan measure-
ments in children, including children with scoliosis. How-
ever, among children with pectus excavatum deformities,
the reported standard deviations in measurements of
Fig. 2. Relationship of deviations from the normal distribution of lung function between right and left lungs (55% right [R]/45% left [L]) and Cobb angle.



Fig. 3. Relationship between deviations from the normal distribution of lung function between right and left lungs: ventilation deviations versus perfusion

deviations.
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right-to-left ventilation and perfusion ratios were 4.3% and
3.6%, respectively [14]. We therefore assumed that a 5%
variability in ventilation and perfusion scan results was
a reasonable estimate.

Ventilation and perfusion scans correlated with one an-
other very closely. There were no defects in either type of
scan to suggest intrapulmonary disease in this study. This
suggests that primary pulmonary disease and ventilation
or perfusion defects did not contribute to our estimates of
right and left lung function and that these distributions
are primarily because of spine and chest wall abnormalities.

We believe that increasing reliance on one lung for res-
piration is a concerning characteristic and that it reflects
a loss of cardiopulmonary reserve. However, it is not clear
whether there is a threshold value of lung function asym-
metry that portends poor long-term outcomes in children
with early onset scoliosis. There is literature that demon-
strates reduced longevity among adults whose scoliosis
began before 8 years of age [17]. However, there are no
long-term outcome studies of children with combined pro-
gressive restrictive chest wall disease and progressive uni-
lateral loss of lung function that elucidate the prognostic
significance of asymmetric lung function once it exists.
Whether current surgical interventions can modify lung
function asymmetry is also unknown.

This study identifies an important functional pulmonary
consequence of congenital and infantile scoliosis that is not
measured using chest and spine radiographs or computed
tomography lung images. It also provides a measure of lung
function that is distinct from spirometric measures of re-
strictive respiratory mechanics. Lung perfusion scans in
particular are feasible in children of all ages. As surgical
techniques evolve to effectively improve spine and thoracic
deformities in the very young child, the criteria for inter-
vening surgically will require more complete information
about respiratory function. Early assessment of lung func-
tion asymmetry in children with scoliosis represents an ad-
ditional functional feature to characterize and follow during
the preoperative assessment of children with congenital and
infantile scoliosis, and may prove useful in the decision
about surgical treatment and when to intervene.
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