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Lung Function Evaluated By Structured Light
Plethysmography in Children After Lung Surgery:

A Preliminary Analysis
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Background: Structured light plethysmography (SLP) is a novel light-based method that captures chest wall
movements to evaluate tidal breathing.
Methods: Thirty-two children who underwent lung surgery were enrolled. Their clinical history was collected
along with spirometry and SLP.
Results: Median age of surgery was 9 months (interquartile range 4–30). Most frequent diagnosis was congenital
pulmonary airway malformation (14/32), then pulmonary sequestration (9/32), tumor (5/32), and bronchogenic cyst (4/
32). The most frequent surgical approach was lobectomy (59%), segmentectomy (38%), and complete resection (3%).
More than 80% had surgery when younger than 3 years of age. Eight patients had short-term complications (pleural
effusionwas themost frequent),while long-termeffects were reported in 15patients (19% recurrent cough,13% thoracic
deformities, 13% airway infections, 9% wheezing, 6% reduced exercise tolerance, and 3% columnar deformities).
Spirometry was normal in 9/22 patients. Nine patients had a restrictive pattern, while 4 showed a mild bronco-reactivity.
Ten patients did not perform spirometry because of young age. SLP revealed the presence of obstructive pattern in 10%
of patients (IE50 > 1.88) and showed a significant difference between the two hemithorax in 29% of patients.
Discussion: SLP may be a new method to evaluate lung function, without collaboration and radiation exposure,
in children who underwent lung resection, also in preschool age.
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Introduction

Lung volume reduction and chest wall disruption
following pulmonary surgery can lead to significant

morbidity in children. Clinical and functional respiratory
complications may occur; therefore, a long-term follow up
is required. Even if there is debate in the literature regarding
postsurgery lung function outcomes, some studies have
shown a correlation between lung function and the extent of
lung tissue resected, as well as time of surgery.1 Spirometry

is the most commonly used technique to assess lung func-
tion, but requires high cooperation by the patient and does
not provide any information about chest wall motion or
asynchrony between thoracic regions.2

Structured light plethysmography (SLP) has been pro-
posed as a novel, noncontact, light-based technique, which
assesses lung function by capturing chest and abdominal
movements. This technique measures changes in lung vol-
ume during tidal breathing by monitoring displacements of
the thoracoabdominal (TA) wall.
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There is growing interest in the possible clinical uses of
this technology. In children, SLP has been applied to assess
pulmonary function, mostly in asthma and obstructive dis-
eases, with good correlation with forced expiratory volume
in 1 second (FEV1).3,4

Furthermore, SLP allows measurement of changes in
whole TA wall motion and asynchrony between regions (eg,
chest vs. abdomen or left vs. right hemithorax).5

The aim of our study was to investigate the use of SLP,
along with spirometry, for monitoring respiratory function
in children after lung surgery. To our knowledge this is the
first study aiming to describe lung function by SLP in
children affected by congenital lung malformation or tumor
after lung resection.

Patients and Methods

Patients

We conducted a retrospective analysis of 32 children
who underwent pulmonary resection for congenital lung
malformation or tumor, admitted to the Paediatric Pneu-
mology outpatient clinics of Vittore Buzzi Children’s Hos-
pital of Milan (Italy).

All patients underwent pulmonary resection between 2015
and 2020 and had at least 1 year of pulmonary follow-up
(31/32 were followed by our outpatient clinic for >2 years).

Only patients who underwent lung function evaluation by
SLP were included. Patients with other comorbidities or
with acute respiratory infection at the moment of lung
function evaluation were excluded.

Their medical history was collected, including clinical
diagnosis, type of surgery, and early and long-term com-
plications.

Clinical diagnosis was obtained by radiological imaging
(fetal ultrasound and magnetic resonance imaging (MRI) in
presence of congenital malformations with prenatal diag-
nosis or chest MRI or computed tomography (CT) scan for
tumors or congenital lung malformations with postnatal
diagnosis) and histological examination. For each patient,
we collected timing and type of surgery (segmentectomy,
lobectomy, and pneumonectomy), lung function test pa-
rameters, and complications recorded during the follow-up.

Methods

Complications. We classified clinical complications as
early if they occurred during hospitalization for surgery, or
in the following 2 weeks. Possible early complications in-
cluded pleural effusion, pneumothorax, and anemia.

We classified adverse events occurring >1 month after
surgery as late complications. We carried out a retrospective
analysis of data from clinical records and defined significant
long-term complications as follows: At least one episode of
cough continuing for >2 months each year6; more than three
lower airway respiratory infections diagnosed by a physi-
cian each year; wheezing diagnosis requiring medical ther-
apy with inhaled bronchodilators and/or antibiotics;
complaints by the patient’s parents of reduced exercise
tolerance; and chest deformity and scoliosis diagnosed
during an orthopedic visit and confirmed by imaging if
necessary.

Respiratory function test. Long-term respiratory outcomes
were evaluated using global spirometry pattern, performed

according to American Thoracic Society guidelines.7 We
documented the FEV1, and forced vital capacity (FVC), and
then calculated the FEV1/FVC ratio. Reduced FEV1 and
absolute FEV1/FVC ratio (<80% of the predicted value) were
defining features of an obstructive ventilatory pattern, while
a restrictive pattern was identified if FVC was de-
creased (<80%) with a normal or increased FEV1/FVC ratio.8

Structured light plethysmography. Recruited patients un-
derwent SLP assessment during the pneumological follow-
up visit.

Tidal breathing was recorded for at least 3 min with an
SLP device (Thora-3DiTm; Pneumacare, Ltd., Cambridge,
UK). The procedure was noncontact and noninvasive, but
required minimal patient cooperation to ensure no movement
during the examination recording. Patients laid in supine
position, breathing as naturally as possible.

A grid of light was projected onto the TA wall to cover
the area from the clavicles to the anterior iliac crest, with the
cross point of the grid positioned at the base of patient’s
xiphisternum.

Using two precisely angled cameras, the three-
dimensional (3D) coordinates of each intersection point on
the checkerboard were determined and tracked over time.
Displacement on the axis perpendicular to the surface of the
thoracoabdominal wall could be spatially averaged over
different regions.

The methods for calculation of tidal breathing parameters
have been described in detail elsewhere.3

A previous study has demonstrated a good correspon-
dence between inspiratory to expiratory flow measured at
50% of tidal volume (IE50) SLP and IE50 measured by
pneumotachography.9

The following SLP parameters were considered:

IE50: Represents the inspiratory to expiratory TA dis-
placement rate ratio, that is TIF50 (tidal inspiratory TA
displacement rate at 50% of inspiratory displacement)
divided by TEF50 (tidal expiratory TA displacement rate
at 50% of expiratory displacement). Values of IE50 under
1.88 were considered within the normal range, based on
previous studies, while increased values of IE50 sug-
gested the presence of an obstructive lung function
defect.10

Principal angle: It is the angle of the dominant axis of the
Konno–Mead loop relative to the 45� line. It shows
contribution of different thoracic regions. We have taken
into consideration the Principal Angle between the Left
Side VS Right Side, and between Upper Left Side VS
Upper Right Side. Values of Principal Angle under -5 or
above 5 were considered pathological.

We used the PneumoView-3DTM software to image the
movement of the 3D reconstruction of TA surface as a video
and to collect SLP parameter data.

Statistical analysis

Categorical data were summarized as counts and per-
centages and compared between groups with chi-square test
or Fisher’s exact test if expected frequency in at least one
cell was <5. Quantitative data were presented as
mean – standard deviation or median and interquartile range
(IQR) depending on their distribution. Comparisons be-
tween groups were carried out with the Student’s t-test for
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independent samples or the Mann–Whitney test, depending
on the data distribution. Namely, as age at surgery was not
normally distributed (according to the Shapiro–Wilks test),
the Mann–Whitney test was used for this variable. A P value
below 0.05 was considered statistically significant. All an-
alyses were performed with Stata version 17.0 (StataCorp,
USA).

Results

Patient characteristics

A total of 32 patients (18 Male/14 Female—2–18 years
old—mean age: 8 years and standard deviation: 4 years),
who underwent lung resection, were enrolled.

Around 14/32 (44%) were diagnosed with congenital
pulmonary airway malformation (CPAM), 9/32 (28%) with
intralobar pulmonary sequestration, 5/32 (16%) with tumor
(Ewing’s sarcoma was the most common, diagnosed in 3
patients, while the other two were affected by Wilms tumor
and metastatic teratoma), and 4/32 (13%) with broncho-
genic cyst. Regarding all the perinatal anomalies (CPAM/
pulmonary sequestration/bronchogenic cyst), the diagnostic
suspicion came from fetal ultrasound and was confirmed by
fetal MRI and postnatal thorax CT. The definitive diagnosis
was always based on the histological finding. The accuracy
of the preoperative diagnosis for congenital lung mal-
formations was 49%.

Among those with congenital conditions, only 5 patients
required ventilatory support at birth without needing inva-
sive procedures or intensive support care.

In the perioperative period, only 6 patients were symp-
tomatic before surgery: 5 presented recurrent lower tract
respiratory infection and 1 had poor tolerance to physical
exercise.

Surgery

The median age at the time of surgery was 9 months
(IQR 4–30), and >80% underwent surgery before reaching 3
years of age.

Children affected by congenital lung malformations, in-
cluding CPAM, pulmonary sequestration, and bronchogenic
cyst, underwent surgery within their 1st year of life.

Surgical intervention for neoplastic diseases was per-
formed at the time of diagnosis, at older ages.

Concerning the surgical approach, 48% of patients un-
derwent thoracotomy, while 52% thoracoscopy.

The most common techniques were lobectomy (19; 59%)
and segmentectomy (12; 38%). One patient (3%) underwent
pneumonectomy due to intraoperative complications.

Short-term and long-term complications

During the postoperative course, 8/32 (25%) patients
experienced short-term complications. We considered the
conditions listed in Table 1. Pleural effusion was the most
frequent, but required treatment in fewer than 40% of the
cases: 20% (1/5) underwent exploratory thoracotomy and
the other 20% (1/5) required antibiotic therapy.

Among our population, 15/32 (47%) patients reported
long-term complications and the most frequent was recur-
rent cough (data in detail reported in Table 2).

Only 1 patient among those suffering from thoracic or
spinal anomaly underwent MRI evaluation and required
surgical management.

In our cohort, both short- and long-term complications
were not statistically related to sex, presence of pre-
intervention symptoms, age of surgery, or type of surgery
(P = 0.5).

Pulmonary function tests

We assessed global spirometry after surgery in 22/32
(69%) children, given that patients younger than 3 years
were unable to perform the test (Table 3).

Nine per 22 patients had a normal pattern (41%) and 9/22
had a restrictive alteration (41%), while 4/22 had an ob-
structive alteration (18%). Spirometry alterations were not
associated with sex, age of surgery, or type of surgical ap-
proach (thoracotomy or thoracoscopy), as well as the de-
velopment of short- or long-term complications after
surgery.

All 32 patients underwent SLP evaluation, only 1 test
was excluded because of the presence of movement artifacts
(Table 4). In 3/31 (10%) patients, it revealed an obstructive
pattern, described as IE50 > 1.88. Moreover, we were able to
detect an abnormal contribution in thoracic wall movements
in 9/31 (29%) patients, as highlighted by a Principal Angle
value >5 or less than -5, demonstrating an asymmetric
contribution of left and right thorax sides, according to the
side of the resection.

Principal angle value alterations were not statistically
related to sex, presence of preintervention symptoms, age of
surgery, or type of surgical approach, but it showed asso-
ciation with pneumonectomy (P < 0.004).

Discussion

In our study, we considered a heterogeneous group of
lung disorders, involving the pulmonary parenchyma; the
majority of our patients were affected by congenital lung
malformations (CLMs).11

Among our population, the most frequent diagnosis was
CPAM (44%), similar to what was reported in other
studies.12–14

Table 1. Short-Term Postsurgery Complications

No. %

Patients with acute postsurgery complications 8/32 25
Pleural effusion 5/32 16
Pneumothorax 2/32 6
Anemia 1/32 3

Table 2. Long-Term Postsurgery Complications

No. %

Patients with long-term complications 15/32 47
Recurrent cough 6/32 19
Pectus excavatum 4/32 13
>3 lower respiratory tract infections/year 4/32 13
Wheezing 3/32 9
Poor exercise tolerance 2/32 6
Scoliosis 1/32 3
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It is recognized that surgical resection is the treatment of
choice for symptomatic patients affected by CLMs. Con-
versely, surgical intervention in asymptomatic patients with
CLM is still a controversial issue because surgical risks need
to be balanced with the potential development of long-term
pulmonary and thoracic complications.15

One of the potential benefits of surgical treatment is
pulmonary function improvement in the remaining lung and
compensatory lung growth.16

Recruited patients underwent surgical intervention, per-
formed at a median age of 9 months, in line with existing
literature that suggests 3–9 months as the optimal age range
for intervention.17,18

The existing literature still presents limited and con-
flicting data regarding lung function outcomes in patients
surgically treated for CLM. Dunn et al.19 and Lau et al.2

both suggest that lobectomy for CPAMs has no detrimental
effects on lung function in children.

We found no correlation between lung function anomalies
and age at surgery, consistent with other studies that reported
no significant association between age at lobectomy and later
lung assessment of lung function by spirometry.18,20,21

However, most of our patients underwent early inter-
vention (with the only exception of children affected by
tumor, who were treated at the age of diagnosis), affecting
our results.

Only 3 patients showed an obstructive respiratory pattern
according to SLP parameters (IE50),10 while we demonstrated
the presence of asymmetric contribution of left and right
thorax sides to respiratory movements in 29% of patients.

To our knowledge this is the first study in children to
report data on lung function following lung resection using
SLP, including those of preschool age.

Spirometry is the gold standard technique to evaluate
lung function in children.7

In our center, trained technicians and nurses employed
incentive games to facilitate spirometry evaluations in
children 3–5 years of age. However, preschool children had
some difficulties performing the spirometry test.22,23

One potential advantage of SLP is its minimal need for
patient cooperation, making it suitable to be performed in
children younger than 6 years, as already demonstrated in
other studies.10

Indeed, SLP requires tidal breathing, while spirometry
requires forced expiration.

SLP has already been applied to evaluate pulmonary
function in children with asthma exacerbation.

The IE50 value describes the ratio between the inspiratory
and expiratory flow at 50% of tidal volume and is able to
distinguish conditions of increased airway resistance from
healthy patients. Indeed, the IE50 revealed a correlation with
spirometry parameters (FEV1) in different studies.3,24,25

While SLP might be beneficial for patients unable to
undergo spirometry, it could also serve as a complementary
test. Indeed, SLP not only can evaluate the presence of an
obstructive defect but also detect imbalances in the regional
contribution to respiratory movements between the resected
lung and other regions.

Our aim was to demonstrate a possible application of
SLP in assessing lung compensatory growth postinterven-
tion, specifically by normalizing the regional contribution to
respiratory movements.

Currently, limited data exist on regional ventilatory dif-
ferences in children. For example, SLP was used in a case
involving a 15-year-old child with lobar pneumonia to quan-
tify the reduced motion of affected area, findings of which
were consistent with spirometry and chest X-ray results.26

Moreover, this technique has been used to assess lung
function and describe asynchrony in children with neuro-
muscular disorders.27

Nevertheless, this was the first instance of SLP being
used to monitor children with lung resection. A comparable
study was conducted on 15 adult patients, leveraging SLP’s
ability to quantify regional contributions and asynchrony
between regions (eg, chest vs. abdomen or left vs. right
hemithorax).

The study revealed that lobectomy was associated with
reduced motion on the operated side and an increase in TA
asynchrony, while no significant alteration was found in
patients who underwent wedge resection.5

Yet it is important to note that the SLP evaluation was
performed the day after the surgery.

The different prevalence among our population in
asymmetric contribution between the left and right thoracic
sides might be attributable to the time elapsed since the
intervention and the age of the patients, as a result of
compensatory lung growth.

Furthermore, variations in the principal angle were as-
sociated with pneumonectomy.

Among our population, we did not identify a significant
correlation between SLP anomalies and either the age at
which surgery was performed or the presence of symptoms
before intervention. This could be attributed to the small
number of recruited people.

These findings mark the first time we can both demon-
strate and quantify the impact of lung resection on respira-
tory movements, as well as assess the possible recovery
during the subsequent follow-up period.

According to our preliminary findings, SLP could rep-
resent a possible additional evaluation, providing useful
complementary information to spirometry; moreover, it is a
feasible test for preschool-aged children, for whom the
spirometry test is often challenging.

The main limitations of our study were the small number
of recruited patients, the heterogeneous disease group, and
the retrospective nature of the study.

Table 3. Lung Function Results Obtained

By Spirometry

n (%)

Spirometry evaluation 22/32 (69)
Restrictive pattern 9/22 (41)
Obstructive pattern 4/22 (18)

Table 4. Lung Function Results Obtained

By Structured Light Plethysmography

n (%)

SLP evaluation 31/32 (97)
IE >1.88 3/31 (10)
Principal angle >5 or < -5 9/31 (29)

IE50, inspiratory to expiratory flow measured at 50% of tidal
volume; SLP, structured light plethysmography.
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Its primary strength was the assessment, for the first time,
of regional contribution of the resected lung by SLP in
children, in addition to the standard evaluation of lung
function by spirometry.

Additional more extensive studies are required to assess and
confirm associations between changes in motion and asyn-
chrony with specific types and extent of surgery, and to evaluate
the effect of other factors such as surgical approach on them.

In conclusion, our study identifies alterations in respira-
tory movements in a small percentage of patients who un-
derwent lung resection.

SLP may be a useful tool to investigate lung function in
these patients. Further prospective studies will be necessary
to confirm these preliminary data, evaluate a possible cor-
relation of this technique with respect to traditional lung
function tests, and address the relationship between this lung
deficit and the time elapsed after surgery.
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