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Abstract

Purpose: The purpose of this study was to evaluate the clinical presentation and
operative outcomes of patients with congenital lobar emphysema (CLE) within a large
multicenter research consortium.

Methods: After central reliance IRB-approval, a retrospective cohort study was
performed on all operatively managed lung malformations at eleven participating
children’s hospitals (2009-2015).

Results: Fifty-three (10.5%) children with pathology-confirmed CLE were identified
among 506 lung malformations. A lung mass was detected prenatally in 13 (24.5%)
compared to 331 (73.1%) in non-CLE cases (p<0.0001). Thirty-two (60.4%) CLE
patients presented with respiratory symptoms at birth compared to 102 (22.7%) in non-
CLE (p<0.0001). The most common locations for CLE were the left upper (n=24,
45.3%), right middle (n=16, 30.2%), and right upper (n=10, 18.9%) lobes. Eighteen
(34.0%) had resection as neonates, 30 (56.6%) had surgery at 1-12 months of age, and
five (9.4%) had resections after 12 months. Six (11.3%) underwent thoracoscopic
excision. Median hospital length of stay was 5.0 days (interquartile range, 4.0-13.0).
Conclusions: Among lung malformations, CLE is associated with several unique
features, including a low prenatal detection rate, a predilection for the upper/middle
lobes, and infrequent utilization of thoracoscopy. Although respiratory distress at birth is

common, CLE often presents clinically in a delayed and more insidious fashion.
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Introduction

Congenital lobar emphysema (CLE), also known as congenital lobar
overinflation, is a rare but well described congenital lung malformation (CLM) known to
cause progressive hyperinflation and air trapping within one or more pulmonary lobes
[1-3]. Because CLE can lead to profound respiratory distress and even cardiac arrest,
thoracotomy and lobectomy have been the mainstay treatment of choice in infants with
severe symptomatic disease [4, 5]. Although the histologic characteristics of the affected
lobe can be quite variable in CLE [6, 7], the unifying embryological basis may be related
to transient bronchial obstruction during the canalicular phase of lung morphogenesis
[8, 9].

Over the past decade, there have been a number of innovations that have made
a significant impact on the contemporary clinical diagnosis and management of CLMs.
These advances range from the enhanced resolution of prenatal ultrasound technology,
which has led to improved detection rates and family counseling, to the increasing
popularity of thoracoscopic techniqgues amongst the ranks of pediatric surgeons [10-12].
There has also been a growing body of work supporting the non-operative management
of asymptomatic CLMs, based on the rationale that infection and malignant
degeneration are relatively rare complications in patients followed without resection [13-
15]. To date however, there has been relatively little focus on the diagnosis and
management of CLE with respect to these changes in the field [16]. Given the relative
paucity of published case series on CLE [1, 2, 17, 18], there remains a need to better
understand this CLM if we are to develop evidence-based treatment recommendations

that will optimize clinical outcomes in affected children [16, 19].



In this study, we sought to evaluate the clinical presentation and operative
outcomes in a large cohort of pediatric CLE patients. Our group hypothesized that
children with CLE represent a unique subgroup of CLM patients characterized by
infrequent prenatal diagnosis, high rate of neonatal resection, and liberal use of open

surgical techniques.

Methods

A central reliance agreement was approved by the institutional review boards
(IRB) at each of the eleven hospitals associated with the Midwest Pediatric Surgery
Consortium (wwww.mwpsc.org)[20]. We performed a multi-institutional retrospective
cohort study of patients less than 18 years of age who underwent a resection of a
pathologically-confirmed lung malformation between January 1, 2009 and December
31, 2015. Patients were identified for study inclusion based on Current Procedural
Terminology (CPT) codes corresponding to removal of lung tissue (32140, 32440,
32480-4, 32505, 32662-71). We then used the International Classification of Disease,
9™ Edition, Clinical Modification (ICD-9-CM) diagnosis code for CLE (770.2) to identify
patients and compared them with those with codes for congenital pulmonary airway
malformation (CPAM, 748.4), bronchopulmonary sequestration (BPS, 748.5), and other
congenital lung lesions (748.6). At each institution, the pathology reports were reviewed
to confirm the appropriate diagnosis. We have previously reported on the entire cohort
of CLM patients elsewhere (JPS manuscript submitted).

Data for collection, including demographics, maternal records, birth history,

prenatal and postnatal diagnostic imaging, operative approach and findings, and



Figure 1

postoperative morbidity and mortality, were entered and managed using REDCap
(Research Electronic Data Capture, 8.1.20, Vanderbilt University, Nashville, TN)
software hosted at the Michigan Institute for Clinical & Health Research at the University
of Michigan. All study data entered were validated by trained reviewers at both central
and institutional levels for completeness and accuracy.

Frequencies and percentages were used to describe categorical variables.
Median and interquartile ranges were generally used to describe continuous variables.
Statistical analysies were performed using STATA (StataCorp, College Station, TX) and

Prism (GraphPad Software, La Jolla, CA). Significance was defined as p<0.05.

Results
3.1. Demographics

Of 506 lung malformation resections entered into the data registry, 53 (10.5%)
were pathology-confirmed CLE (Figure 1A). There was marked variability in the number
of CLE cases contributed by institution (Figure 1B). Five CLE specimens also had
histologic evidence of another CLM, including CPAM (n=3, 5.6%), bronchogenic cyst
(n=1, 1.9%), and extralobar BPS (n=1, 1.9%).

Thirty-two (60.4%) were male. Thirty-seven (69.8%) were of white/Caucasian
descent, and 9 (17.0%) were non-white. Twenty-five (49.0%) had private insurance, and

19 (37.3%) were Medicaid or self-pay.

3.2. Perinatal characteristics



Prenatal detection was documented in only 13 (24.5%) of the CLE cases
compared to 331 (73.1%) of the non-CLE cases (p<0.0001). In prenatal lesions that
subsequently revealed CLE, the ultrasound diagnosis was CPAM (n=11, 84.6%), BPS
(n=1, 7.7%), or unspecified (n=1, 7.7%). The mean CVR among fetal CLE lesions was
0.65+0.41, and there were no cases of fetal hydrops.

The median gestational age at birth was 39.0 weeks [interquartile range (IQR),
37.0-39.0). The median 1-minute and 5-minute Apgar scores were 7 and 9,
respectively. Eleven (20.8%) were inborn. Thirty-two (60.4%) neonates with CLE
presented with respiratory symptoms at birth compared to 102 (22.7%) non-CLE
neonates with respiratory symptoms (p<0.0001). However, prenatally diagnosed
children with CLE were no more likely to be symptomatic at birth compared to prenatally
diagnosed children with non-CLE lesions (30.0% vs. 21.9%, respectively; p=1.0).
Fifteen (46.9%) of the symptomatic neonates with CLE were supported by positive
pressure mechanical ventilation prior to surgical resection.

Initial neonatal chest radiograph data were available in 40 (75.4%) children. The
initial image demonstrated a parenchymal lucency in 36 (90.0%) cases. Additional
radiographic findings included mediastinal shift (n=7, 17.5%) and pneumothorax (n=5,
12.5%). One (2.5%) child had a neonatal study that was interpreted as completely

normal.

3.3. Preoperative evaluation
Fifty (94.3%) children with CLE had a pre-operative CT scan at a median age of

4.6 weeks (IQR, 1.6-10.7). Thirty-seven (74.0%) studies correctly predicted the



Figure 2A pathologic diagnosis. CLE most commonly involved the left upper lobe (LUL; n=24,

Figure 2B

45.3%), followed by right middle lobe (RML; n=16, 30.2%), and right upper lobe (n=10,
18.9%)(Figure 2A). The most common indication for operative intervention was
respiratory symptoms (77.4%), which included tachypnea, chronic cough, or need for
mechanical ventilatory support. The risk of having respiratory symptoms was not
associated with the location of the affected lobe (LUL: 60.9%, RML: 86.7%; p=0.14).
Almost one-third (31.7%) of symptomatic CLE children had surgery after 12 weeks of
age. Other indications for surgery were to prevent future complications in an otherwise
asymptomatic patient (n=10, 18.9%), prior pneumonia (n=6, 11.3%), failure to thrive
(n=6, 11.3%), and prior pneumothorax (n=1, 1.9%). Nine (17.0%) children had
preoperative co-morbidities, including pulmonary hypertension (n=2), structural heart
disease (n=1), esophageal atresia with distal tracheoesophageal fistula (n=1), and

congenital diaphragmatic hernia (n=1).

3.4. Operative data

The age distribution at operative resection is shown in Figure 2B. Eighteen
(34.0%) underwent resection during the neonatal period, 30 (56.6%) had surgery at 1-
12 months of age, and five (9.4%) had operations after 12 months. Three (5.6%)
children with CLE underwent surgical resection within the first week of life. The overall
median age at resection was 11.1 weeks (IQR, 3.0-27.0). The median operative age in
CLE cases that had respiratory symptoms at birth was 4.2 weeks (IQR, 2.0-13.5)

compared to 29.6 weeks (IQR, 11.1-42.9) in those born asymptomatic (p<0.0001).



Table 1

The median weight at operation was 4.8 kg (IQR, 3.5-7.5). Fifty-one (96.2%)
lobectomies were performed. Mean operative duration was 160.7+76.9 minutes.
Approximately one-third of cases utilized mainstem intubation (n=19, 35.8%), whereas
another one-third of cases had no lung isolation (n=17, 32.1%). Surgeons favored open
thoracotomy (n=45, 84.9%) over thoracoscopic approaches (n=6, 11.3%). Two
additional resections were initially attempted by thoracoscopy but were converted to
thoracotomy, yielding a conversion rate of 25.0%. In both cases, the reason for
conversion to an open procedure was inadequate exposure. The conversion rate in
non-CLE thoracoscopic resections was lower (15.1%) but not statistically significant
(p=0.36). Some cases required an intraoperative blood transfusion (n=13, 23.1%).

Approximately half of patients were extubated immediately after surgery (n=27, 51.9%).

3.5. Postoperative course

Thirty-four patients (65.4%) were monitored in the intensive-care unit
postoperatively. Median chest tube duration and hospital length of stay were 4.0 days
(2.0-5.0) and 5.0 days (IQR, 4.0-13.0), respectively. Fourteen (26.4%) children had at
least one complication within 30 days after operative resection (Table 1). The most
common complication was intubation greater than 48 hours (n=7, 13.2%), followed by
pneumothorax necessitating tube thoracostomy (n=4, 7.5%). The overall mortality rate
was 1.9%. One premature infant born at 25.5 weeks died from respiratory failure and

sepsis following an open lobectomy performed at eight weeks of age.

4. Discussion



Although CLE was originally described in 1932 [21], the term was first coined in a
series of patients by Robertson and James in 1951 [22]. CLE can lead to progressive air
trapping and hyperinflation within the affected lobe due to a ball valve effect, resulting in
compression atelectasis of normal lung parenchyma and mediastinal shift. The etiology
of the abnormal lung tissue is idiopathic in some cases but may also be secondary to
intrinsic or extrinsic bronchial obstruction as well as polyalveolar lobe [6, 7, 23].
Historically, children with CLE have been thought to present with respiratory symptoms
within days to weeks after birth, and the majority have been diagnosed by six months of
age [1, 24]. Acute and rapidly worsening air trapping at birth during normal postnatal
breathing, which can be exacerbated by intratracheal positive pressure ventilation, can
result in tension pneumothorax-like physiology requiring emergent thoracotomy [25].
However more recently, CLE has been shown to have a much wider spectrum of
segmental and lobar disease given that asymptomatic cases and those with minimal
pulmonary symptoms have been managed successfully with serial observation alone [2,
17, 26, 27].

In this study, we evaluated the largest known series to date of pathologically-
confirmed CLE cases. These CLEs were drawn from a multi-institutional registry of 506
operative CLMs, thereby constituting approximately 10% of all lung lesions. We found
that surgical resection was associated with low mortality and that clinical outcomes were
generally excellent. However, several interesting findings from this analysis were noted.
First, the prenatal diagnosis of CLE was significantly less common compared to that of
non-CLE lesions, despite widespread prenatal screening as well as ongoing

improvements in ultrasound image quality [28-30]. While a majority of non-CLE cases
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were identified prenatally, only a quarter of CLEs in our series were visualized by
antenatal ultrasound. Moreover, none of the fetal lesions that were subsequently found
to be CLE were diagnosed as such by ultrasound, perhaps reflecting their nonspecific
echogenicity and overall rarity of CLE compared to microcystic CPAMs [31-33].
Apparent involution of CLEs, similar to the behavior observed in some microcytic
CPAMSs, has been described [34, 35], but infants with CLE may still encounter severe
respiratory distress at birth [36, 37]. Fetal MRI may be beneficial in helping to narrow
the differential diagnosis of CLMs but does not have the diagnostic accuracy of
postnatal CT [38]. Since our data suggests that neonates with prenatally detected cases
of CLE were no more likely to be symptomatic at birth compared to neonates with
prenatally detected non-CLE lesions, it is unlikely that the addition of fetal MRI to the
diagnostic evaluation would help to facilitate an alternative delivery plan compared to
ultrasound alone.

A second important finding from our study was that, despite our relative inability
to image CLE prenatally, there was a nearly three-fold increased risk for respiratory
symptoms at birth in patients with CLE when compared to those with non-CLE lesions.
It was therefore not surprising that approximately one-third of CLE children underwent
operative resection in the neonatal period compared to a 10% neonatal resection rate in
non-CLE patients. Nevertheless, our series also showed that only three (5.7%) patients
required intervention within the first week of life. Based on these data, in conjunction
with initial plain films suggesting the absence of mediastinal shift in the majority of
affected neonates, the more common clinical scenario in CLE appears to be a more

mild, chronic form of respiratory distress. Alternatively, it is possible that some of these

11



infants had progressive air trapping within the affected lobe over time, leading to a
delayed onset of symptoms. Although some investigators have identified a high
association between CLE and congenital heart disease [17, 39, 40], the low incidence of
cardiac anomalies reported in our series does not support the routine use of
echocardiography in the preoperative planning of these patients.

When CLE resections are performed beyond the neonatal period, our data also
revealed that surgeons overwhelmingly still favored open thoracotomy over
thoracoscopy in the operative management of these lesions. These findings are
consistent with work published elsewhere [32, 41]. Features that make thoracoscopic
lobectomy particularly difficult in CLE, when compared to CPAM and BPS, include the
inability to substantially deflate the air trapped lobe to create adequate working space
as well as the increased technical difficulty associated with upper and middle lobe
resections. Transient in utero left upper lobe bronchial compression by the ductus
arteriosis has been proposed as one theory for the predominance of left upper lobe CLE
[42]. Our study also showed that one-quarter of lesions approached by thoracoscopy
were converted to open, but this was not statistically significant when compared to
thoracoscopic resections for non-CLE lesions.

Despite the aforementioned data presented here confirming our hypotheses on
CLE, several caveats of this study deserve mention. First, these data were extracted
from a retrospective cohort registry that is limited by the quality of the data present in
the electronic medical record at each institution [43]. Second, although less susceptible
to referral bias than large, single institution studies, our results may still not be

generalizable to other hospitals, particularly smaller pediatric surgery centers or

12



institutions in other parts of the world. Finally, because this is an operative cohort
registry, some CLE patients were obviously excluded, such as those who never had
surgery due to non-operative management or those who may have died in the early
postnatal period prior to resection. Based on work by others [2, 17, 26], there is likely a
subset of CLE infants whose respiratory symptoms resolved or who remained
asymptomatic in the long term. To better inform best practice, we are currently exploring
prospective methods to evaluate operative and non-operative CLM outcomes within our
consortium.

Among lung malformations, CLE is associated with several unique features,
including a low prenatal detection rate, a predilection for the upper/middle lobes, and
infrequent utilization of thoracoscopy. Although respiratory distress at birth is common,

CLE often presents clinically in a delayed and more insidious fashion.
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FIGURE LEGENDS

Figure 1. Retrospective cohort study of operative congenital lobar emphysema (CLE)
from eleven hospitals associated with the Midwest Pediatric Surgical Consortium. (A)
Pie graph showing the number and percent of CLE resections relative to that of other
lung malformations (BPS, bronchopulmonary sequestration; BA, bronchial atresia; BC,
bronchogenic cyst; CPAM, congenital pulmonary airway malformation). (B) Bar graph

demonstrating marked variability in CLE cases contributed by institution.

Figure 2. Clinical characteristics of operative congenital lobar emphysema (CLE). (A)

Bar graph of lobar distribution of CLE lesions, by percent. (B) Bar graph of timing of

operative resection (in months) among CLEs.

20



TABLES

Table 1. Postoperative complications following CLE resection (n=53)

Complication n (%)
Any 14 (26.4)
Intubation>48 hours 7 (13.2)
Pneumothorax requiring chest tube 4 (7.5)
Airleak>48 days 2 (3.8)
Bronchial plug requiring bronchoscopy 1(1.9)
Re-operation 1(1.9)
Any post-operative blood transfusion 2 (3.8)
Pneumonia 2 (3.8)
Hospital readmission 3(5.7)
Other 1(1.9)
Death 1(1.9)

Abbreviations: CLE, congenital lobar emphysema
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