Early Respiratory Therapy Reduces Postoperative Atelectasis
in Children Undergoing Lung Resection

Patricia Nerys Kaminski, Luiz Alberto Forgiarini Junior PhD,
and Cristiano Feij6 Andrade MD PhD

BACKGROUND: Early physiotherapy reduces pulmonary complications after lung resection in
adult patients. However, the effectiveness and the techniques used in postoperative physiotherapy
in children undergoing lung resection have not been well described. Therefore, the standardization
of a physiotherapeutic attendance after lung resection in children is necessary. METHODS: This
was a retrospective and prospective, interventional, descriptive, and quantitative study. We eval-
uated 123 pediatric subjects undergoing lung resection. Fifty-two children were prospectively sub-
mitted to a standardized physiotherapy protocol that included a mask with a positive expiratory
pressure of 10 cm H,0, expiratory rib cage compression, coughing, lifting the upper limbs, and
ambulation, starting within the first 4 hours after surgery and continuing 3 times each day. A
historical control group of 71 subjects received physiotherapeutic techniques without specific stan-
dardization and with variability in the start date and number of days attended. We recorded the
presence of postoperative complications, prolonged air leak, postoperative bronchoscopy, the time
of chest tube removal, and hospital stay following surgery. RESULTS: The group that received a
standardized protocol of physiotherapy had fewer instances of atelectasis than the control group
(15.4% vs 7.6%, P = .01). Subjects in the control group were more likely than those in the
intervention group to require fiberoptic bronchoscopy for bronchial toilet (n = 14 [19.7%] vsn = 5§
[9.6%], P = .001). There was no difference in the time of drainage or hospital stay between the
groups. CONCLUSIONS: Implementation of a standardized physiotherapeutic protocol after lung
resection in children decreases atelectasis but does not reduce the time of chest tube removal or the
duration of hospital stay. Key words: child; surgery; postoperative care; lung; physiotherapy; lung
resection; positive expiratory pressure; pediatric; complications. [Respir Care 2013;58(5):805-809.
© 2013 Daedalus Enterprises]

Introduction

The effectiveness of and the techniques used in postop-
erative physiotherapy in children undergoing lung resec-
tion have not been well described. Early postoperative
respiratory physiotherapy following lung resection reduces
respiratory complications in adult patients.'-> However,
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children have specific physiological differences, suggest-
ing that their postoperative complications may differ from
those of adults.?#

Children rarely undergo lung resection.>-® The respira-
tory structures of children and adults differ in size, posi-
tion, and function.® The thoracic cage is highly compliant
because the surrounding muscles remain immature and
provide weak respiratory structural support.!®-13 Further-
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more, the thoracic cage is formed by horizontal ribs that
change the anteroposterior thoracic diameter during inspi-
ration, resulting in a diaphragmatic overload. This is prob-
lematic because the diaphragm is the most important re-
spiratory muscle.!0-12

A variety of respiratory physiotherapeutic techniques
have been evaluated for their ability to reduce postopera-
tive pulmonary complications and previous pulmonary dis-
ease exacerbations.>!+!> However, the details of many of
these techniques have not been well described.'#!> In the
literature there are few case reports mentioning the appli-
cation of postoperative respiratory physiotherapy follow-
ing lung resection in children.'®-!8 Additionally, none of
these studies described an ideal time for beginning respi-
ratory intervention maneuvers. Therefore, we proposed a
standard protocol for early postoperative respiratory phys-
iotherapy after lung resection in children.

To investigate whether establishing a predefined phys-
iotherapeutic protocol can reduce postoperative complica-
tions, we compared a pediatric population of patients from
a single institution who were submitted to lung resection
during 2 different periods of time.

Methods
Design

This was a retrospective and prospective, interventional,
descriptive, and quantitative study. From January 2005 to
December 2008, we selected 127 consecutive pediatric
patients who underwent lung resection at Santo Antdnio
Children’s Hospital, Santa Casa Hospital Complex of Porto
Alegre. A total of 136 lung resections were performed by
the same surgeon (CFA). Seven subjects underwent 2 sur-
geries, and one subject underwent 3 surgeries at different
times. Four subjects were excluded due to incomplete in-
formation on the physiotherapeutic approach. The remain-
ing 123 subjects were divided into a retrospective group
who did not receive standardized physiotherapy and a pro-
spective group who underwent standardized physiotherapy
protocol. Some of the subjects included in this study are
described elsewhere.” The study was approved by the Com-
mittee of Ethics and Research of Santa Casa Hospital Com-
plex of Porto Alegre.

Subjects

One hundred twenty-three subjects were divided into a
retrospective group (group 1), who received respiratory
therapy of the physiotherapist’s choosing, and a prospec-
tive group (group 2), in which a pre-established standard
physiotherapeutic protocol was applied.

We retrospectively reviewed the charts of 71 subjects
who did not receive standardized respiratory therapy in the
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QUICK LOOK

Current knowledge

Positive airway pressure (PAP), secretion clearance
techniques, and early ambulation are applied after up-
per abdominal and thoracic surgery to prevent atelec-
tasis. The evidence that these techniques prevent post-
operative pulmonary complications in adults is
questionable, and the evidence in pediatric lung resec-
tion is sparse.

What this paper contributes to our knowledge

A pediatric, post-lung-resection protocol that included
positive airway pressure, early ambulation, assisted
cough, and arm raises decreased the incidence of atel-
ectasis but did not reduce hospital stay or the time until
chest tube removal.

postoperative period after lung resection (group 1). The
subjects from group 2 (n = 52) were analyzed prospec-
tively, following a standardized protocol of physiotherapy
in the early postoperative period. The data analysis from
group 1 was not performed until all the results from group 2
were collected. The analysis was carried out by a blinded
researcher for the 2 groups. The subjects enrolled in group 1
underwent surgery between January 2005 and December
2006, and the subjects from group 2 underwent surgery
between January 2007 and December 2008. The exclusion
criteria for both groups included patients with incomplete
medical records or who required mechanical ventilation
more than 4 hours after surgery.

Intervention

The subjects in group 1 were subjected to various non-
standardized physical therapy techniques (mask positive
expiratory pressure of 10 cm H,O, manual chest maneu-
vers, underwater seal, no standardization coughing, eleva-
tion of upper limbs) in which the start time and the number
of days attended varied. The physical therapy protocol
instituted in January 2007 consisted of 3 daily sessions,
beginning within the first 4 hours after surgery and per-
formed daily until the time of hospital discharge.

The care protocol consisted of the following physical
therapy techniques: expiratory pressure of 10 cm H,O,
expiratory rib cage compression, manually assisted cough-
ing, lifting the upper limbs and ambulation, based on the
patient’s improvement. Each session consisted of 30 min
of physiotherapy. All physiotherapists (5 members) were
previously trained to standardize the different physiother-
apeutic techniques.
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The expiratory pressure device consisted of a face mask
with a one-way valve for the adjustment of the expiratory
resistance (5-20 cm H,0). The subject breathed in a tidal
volume with a slightly active expiration, performing ap-
proximately 6-10 breaths for maintenance of a certain
degree of lung volume, thus avoiding a full exhalation.'®
In our protocol the subjects using the expiratory pressure
mask performed 10 breaths 4 times, with intervals of 30 sec-
onds between the cycles. The value of 10 cm H,O was
chosen based on the literature, which recommends the use
of values between 10 and 20 cm H,O to resolve atelecta-
8is.20-22 Based on our clinical practice, we observed that
the use of 10 cm H,O was possible for children younger
than 4 years.

Expiratory rib cage compression consisted of a chest
compression performed by the physiotherapist, with both
hands placed over the chest wall. The compression was
performed throughout the expiratory phase, with the goal
of increasing the expiratory flow and displacing secretions
from the large airways, for which the cough was more
effective.?? The length of that maneuver depended on the
perception of the physiotherapist regarding the clearance
of secretions and the lung re-expansion ability of the sub-
ject. Nasopharyngeal aspiration was used for bronchial
hygiene only in subjects who had no ability to remove
secretions.

Outcome Measures

The end points for the 2 groups were postoperative pul-
monary complications, postoperative bronchoscopy, the
timing of chest tube removal, and hospital stay following
surgery. Pulmonary complications included prolonged air
leak, pneumothorax, atelectasis, and consolidation in the
chest x-ray, which were evaluated by a team of radiolo-
gists blinded to the physiotherapeutic protocol. Prolonged
air leak was defined as the escape of air through the chest
tube lasting longer than 7 days. Postoperative flexible bron-
choscopy was performed on subjects who presented with
clinical and radiological worsening until the third postop-
erative day. The criteria that indicated bronchoscopy in-
cluded the presence of copious secretions, diffuse bronchi,
and persistent lung atelectasis and/or consolidation. The
chest tubes were removed when the pleural fluid drainage
was = 3 mlL/kg/d, the lungs showed complete expansion
in the chest x-ray, and no air leaks were detected. The
criteria for the subjects’ discharge were at least 1 day after
chest tube removal, absence of fever, and adequate lung
expansion in the chest x-ray.

Data Analysis

Statistical analyses were performed using statistics soft-
ware (SPSS 14.0, SPSS, Chicago, Illinois). The categori-
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Table 1.  Characteristics of 123 Pediatric Subjects Undergoing Lung

Resection
Group 1 Group 2 P
Male, no. (%) 36 (50.7) 26 (50) 93
Female, no. (%) 35(49.3) 26 (50)
Age, mean = SD y 6.83 = 4.83 7*x5.44 .85

Table 2.  Postoperative Diagnoses of 123 Pediatric Lung Resection

Subjects
Group 1 Group 2
(n="171) (n = 52) P
no. (%) no. (%)
Infectious disease™ 38 (53.5) 36 (69.2) .98
Metastasis/tumor 17 (23.9) 8(15.4) .36
Congenital lung malformationf 14 (19.7) 5(9.6) .59
Other 2(2.8) 3(5.8) 72

* Bronchiectasis, tuberculosis, sequelae of bronchiolitis obliterans, necrotizing pneumonia.
7 Congenital cystic adenomatoid malformation, lung sequestration, congenital lobar
emphysema.

Table 3. Types of Lung Resection

Group 1 Group 2

no. no. P
Segmentectomy 41 29 .82
Lobectomy 20 21 .16
Pneumectomy 2 2 75
Lobectomy + segmentectomy 8 10 23
Bilobectomy + segmentectomy 1 1 .81
Bilobectomy 1 0 41

cal variables are described by the frequency, whereas con-
tinuous variables are expressed as the mean and standard
deviation. The Kolmogorov-Smirnov test was used to as-
sess the normality of the variables. For the analysis of the
variables, we used the Fisher exact test, the chi-square test,
and the Student ¢ test, with a significance level of 5%
(P < .05).

Results

The characteristics for both groups prior to surgery are
shown in Table 1. The main postoperative pathological
findings in both groups are described in Table 2, and the
types of lung resections performed are described in Ta-
ble 3.

Twenty-two subjects (30.9%) in group 1 had postoper-
ative complications (Table 4), which mainly consisted of
atelectasis, pneumothorax, and prolonged air leak. In
group 2, only 9 subjects developed pulmonary complica-
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Table 4.  Postoperative Complications After Lung Resection
Group 1 Group 2 P
no. (%) no. (%)
Complications 22 (30.9) 9(17.3) .01
Atelectasis 11 (15.5) 4(7.7) .01
Pneumothorax 5(7.0) 4(7.7) .89
Prolonged air leakage 34.2) 1(1.9) .68
Other* 12 (16.9) 1(1.9) .01
2 Complications 709.9) 1(1.9) .08
3 Complications 1(1.4) 0 .81

* Chylothorax, empyema, subcutaneous emphysema, pleural effusion, pulmonary necrosis.

tions during the postoperative period (17.3%, P = .001).
The need for fiberoptic bronchoscopy for bronchial toilet
was higher in the control group (n = 14, 19.7%) compared
to the intervention group (n = 5, 9.6%, P = .001).

There was no significant difference in the timing of
chest tube removal (2.71 = 2.15d vs 3.28 = 2.65 d) or
hospital stay after surgery (9.9 £ 9.1 d vs 8.48 £ 5.21 d)
between groups 1 and 2.

Discussion

This report is the first in the literature to specifically
study and describe the use and the effectiveness of phys-
iotherapy in a pediatric population submitted to lung re-
section. We showed that the establishment of a standard
physiotherapy protocol is beneficial in this age group and
can reduce atelectasis.

Adult patients undergoing lung resection are at a high
risk for developing postoperative pulmonary complications
with serious consequences. The main postoperative respi-
ratory complications after lung resection include pneumo-
nia, pulmonary infiltration, atelectasis, and respiratory fail-
ure, which often occur 2 to 3 days after surgery.?*25
Although children can present respiratory complications
that are as serious as those of adults, adult patients often
present comorbidities that significantly increase their risk
for pulmonary complications and increase the postopera-
tive morbidity and mortality.?>-2¢ Infants undergoing sur-
gical procedures involving the chest may show reduced
oxygen saturation prior to and after surgery as a result of
changes in thoracic and lung compliance.?’ Although we
did not observe life-threatening complications in our se-
ries, postoperative complications were reduced with the
standardized physiotherapy protocol.

The postoperative period following thoracotomy results
in a decrease in the functional residual capacity and an
increase in the final closing volume, which may lead to
atelectasis.?® In children, the chest wall offers less resis-
tance to the retraction forces of the lungs, causing a shorter
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volume at the end of expiration and facilitating airway
collapse.?-3% Moreover, the postoperative reduction of cil-
iary motion and expectoration promote sputum retention
and facilitate atelectasis.?® Our findings corroborate this
observation, as atelectasis was the most frequent pulmo-
nary complication. Respiratory complications were reduced
in the subjects in group 2, who received more attention and
care during the physiotherapy session.

Despite conflicting results regarding the benefits of post-
operative respiratory therapy following thoracic surgical
procedures,?!-32 Varela et al found that lobectomy patients
showed a reduction in pulmonary atelectasis without in-
creasing the costs of the procedure.!> Although an earlier
study reported no reduction in postoperative complica-
tions, the authors encouraged the use of routine respiratory
therapy and emphasized the importance of a multidisci-
plinary team for the postoperative care of surgical pa-
tients.' Gunn and Goding showed that professional train-
ing plays a role in the clinical practice of physiotherapists
working in a community National Health Service setting.
Training significantly improves both confidence and com-
petence, enabling individuals to form effective therapeutic
relationships with patients and other members of their
teams.33

Training pediatric physiotherapists is time-consuming,
due to variations in how the maneuvers are performed and
applied. The professionals who provided the physical ther-
apy intervention in this study had been previously trained
to apply specific techniques. The selection of the maneu-
vers was determined by the standard protocol. Addition-
ally, physiotherapy for pediatric populations has some
unique features because it requires an interaction between
the therapist and the patient, and school-age children can-
not always understand and cooperate with the therapeutic
techniques.* Most of our subjects were younger than 7 years
of age, and the success of the physiotherapy mainly de-
pended on the physiotherapist. We did not observe any
contraindications or collateral effects using this physio-
therapeutic protocol. Our study shows that standardizing
the physiotherapy protocol in terms of the number of ses-
sions, the types of maneuvers, and the time that physical
therapy is initiated reduces pulmonary complications.

The design of this study has certain limitations that
should be considered. First, we compared a historical group
with a prospective group, which could result in a tendency
to favor the prospective group. We attempted to reduce
this bias by analyzing both groups at the end of the data
collection phase. Additionally, all subjects in this study
were operated on by the same surgeon with the same sur-
gical technique, and the postoperative physiotherapy was
performed by the same group, thus avoiding the possibility
of interference in the final results. Although a more ap-
propriate study to assess a new training protocol would be
a randomized clinical trial that compares 2 groups with
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and without intervention, the exclusion of postoperative
physiotherapy could be detrimental to such a group of
patients. We hope to stimulate future studies on respiratory
physiotherapy involving children undergoing lung resec-
tion or other surgical procedures.

Conclusions

The implementation of a standardized physiotherapeutic

protocol after lung resection in children decreases atelec-
tasis but does not reduce hospital stay or the time to chest
tube removal.
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