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Abstract:

We sought to analyze trends surgical management of congenital lung malformations (CLM) 
including rate of surgical intervention, thoracoscopic approach, and timing of intervention. 

Methods

Kids’ Inpatient Database (1997-2012) was used to select CLM cases, age younger than 1 year. 
Rate of surgical intervention, thoracoscopic approach, and age at intervention were analyzed for 
trends over the study period. Multivariable logistic regression model including patient 
demographics and hospital variables was used to predict thoracoscopic approach versus open 
approach. 

Results

A total of 18,989 CLM cases were identified. Overall surgical intervention rate was 10.0% 
(1,905). The rate of surgical intervention increased during the study period from 6.4% to 15.0% 
(p <0.001). Overall, open approach was used in 75.2% (1,432) and thoracoscopic approach in 
24.8% (473). The use of thoracoscopic approach increased during the study period from 3.5% to 
52.3% (p <0.001). Mean age at the time of thoracoscopic approach was 4.38 months, decreasing 
from 7.29 months to 4.12 months during the study period (p <0.001). Age older than 3 months 
(OR 2.330, p <0.001) and teaching hospitals (OR 1.591, p =0.43) were more likely to utilize 
thoracoscopic approach. 

Conclusion

Both the rate of surgical intervention and thoracoscopic approach for CLM have increased in the 
United States. Thoracoscopic approach is becoming more popular in younger patients. Further 
studies are needed to analyze access to thoracoscopic approach in various hospital settings. 

Introduction

The incidence of congenital lung malformations (CLM) is estimated to be 1 in 10,000 to 
1 in 35,000 pregnancies [1-3]. It is postulated that the incidence may have increased in the past 
decade due to increased utilization of prenatal screening ultrasound. [4-7]. While many of these 
lesions will remain asymptomatic postnatally, the risk of infection or malignancy continues to 



create controversy regarding indication for surgical resection. [8-10]. In addition, thoracoscopic 
approach has made postnatal resection feasible without the morbidity of thoracotomy [11-12]. 
However due to various reasons including lack of absolute indications and variable experience of
neonatal thoracoscopy, the thoracoscopic resection of CLM has not been universally adopted.

The purpose of our study was two fold, 1) to determine the trend in surgical resection of 
the CLM in the United States, and 2) to determine the trend in thoracoscopic approach and the 
timing of surgical resection. 

1. Methods

1.1 Data sources.

Utilizing Kids’ Inpatient Database (KID) children ≤ 1 year of age were selected for this 
study. KID is a nationally represented database of pediatric hospitalizations arranged by the 
Agency for Healthcare Research and Quality (AHRQ) through the Healthcare Cost and 
Utilization Project (HCUP). The database produces two to three million pediatric hospitalization 
entries per year. This database gives record of the procedures and diagnoses each patient receives
using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) codes and keeps track of all patients ≤ 20 years of age. This project is published every three
years. This study includes the released cases from the years 1997, 2000, 2003, 2006, 2009, and 
2012 with no data being collected from the intervening years. HCUP user agreement states that 
any sample size less than 10 are not to be reported for concern of patients’ sensitive information.

Children who were ≤ 1-year-old and given a discharge diagnosis of CLM were identified 
using the codes 748.4 (congenital cystic lung) and 748.5 (agenesis, hypoplasia and dysplasia of 
lung). Once identified these patients were analyzed for procedure codes. For open surgical 
intervention we limited the study to those undergoing segmentectomy, lobectomy, 
pneumonectomy, thoracotomy or other pulmonary resection using the ICD-9 codes of 32.3, 
32.39, 32.4, 32.49, 32.5, 32.50, 32.59, 34.01, 34.02, 34.99, 32.6, 32.9, 33.1, 32.29. The study 
also limited the thoracoscopic procedures to the ICD-9 codes 32.20, 32.30, 32.41, 34.21.

1.2 Statistical Analysis

A two-sided P value of <0.05 was considered to be statistically significant. Categorical 

and continuous variables were analyzed using the chi square and the student t test respectively. 

Multivariate regression analysis was used for utilization of thoracoscopy. All statistical analyses 

were performed using Statistical Package for the Social Sciences (SPSS) version 19.0, licensed 

by IBM. Recommended discharge and hospital weights were incorporated to create national 



estimates for all analyses. Approval for use of the KID patient-level data in this study was 

obtained from the institutional review board of the Phoenix Children’s Hospital, Phoenix, AZ. 

2. Results

A total of national estimate of 18,989 CLM cases were identified. Overall, 1905 (10.0%) 
underwent surgical resection with sample characteristics outlined in Table 1. Thoracotomy was 
utilized in 1432 (75.2%) and thoracoscopy was utilized in 473 (24.8%).

During the study period, the surgical resection rate increased from 6.36% in 1997 to 14.99% in 
2012 (p<0.001), Figure 1. Likewise, during study period, the rate of thoracoscopic approach 
increased from 3.51% in 1997 to 52.31% (p<0.001), Figure 2. 

The age at the time of surgical resection was analyzed next. The mean age (months) of open 
resection cases increased slightly from 2.06 months in 1997 to 3.26 months in 2009. The mean 
age (months) of thoracoscopic resection decreased significantly from 7.29 months in 1997 to 
4.12 in 2009 (p<0.001) Figure 3.

The number of CLM cases in 1997 was n=2672 and consistently increased to n=3610 in the year 
2012. The overall surgical intervention rate for these cases was 10.0% for all years (n=1,905). 
However, the rate of surgical intervention increased steadily during the study period from 6.4% 
in 1997 to 15.0% in 2012. This increase was found to be statistically significant with p <0.001. 

Table 1. Study Population
Total

Non-surgical
management

Surgical
Management

YEAR 1997 Count 2502 170 2672

% within 
YEAR

93.6% 6.4%

2000 Count 2781 242 3023

% within 
YEAR

92.0% 8.0%



2003 Count 2769 262 3031

% within 
YEAR

91.4% 8.6%

2006 Count 2900 302 3202

% within 
YEAR

90.6% 9.4%

2009 Count 3063 388 3451

% within 
YEAR

88.8% 11.2%

2012 Count 3069 541 3610

% within 
YEAR

85.0% 15.0%

Total Count 17084 1905 18989

% within 
YEAR

90.0 10.0%

Figure 1

Overall, the open approach was used in 75.2% (n=1,432) of cases. The thoracoscopic 
approach was utilized in 24.8% (n=473). Once again this approach seemed to have a regular 
increase throughout the study period from 3.5% in 1997 to 52.3% in 2012. This was shown to 
also be statistically significant with p <0.001. 

Table 2. Surgical Approach
Total

Open
approach

Thorocoscopic
approach

YEAR 1997 Count 165 6 171

% within 96.5% 3.5%



YEAR
2000 Count 239 2 241

% within 
YEAR

99.2% 0.8%

2003 Count 246 16 262

% within 
YEAR

93.9% 6.1%

2006 Count 263 40 303

% within 
YEAR

86.8% 13.2%

2009 Count 262 126 388

% within 
YEAR

67.5% 32.5%

2012 Count 258 283 541

% within 
YEAR

47.7% 52.3%

Total Count 1433 473 1906

% within 
YEAR

75.2% 24.8%
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Mean age at the time of thoracoscopic approach was 4.38 months, decreasing from 7.29
months to 4.12 months during the study period (p <0.001). Age older than 3 months (OR 2.330, 
p <0.001) and teaching hospitals (OR 1.591, p =0.43) were more likely to utilize thoracoscopic 
approach.

Table 3: Age at Time of Thorocoscopic intervention
YEAR Mean (in

months) N
Std.

Deviation Minimum Maximum
1997 7.29 6 2.747 5 10

2003 8.62 9 2.384 5 11

2006 3.62 32 3.172 0 10



2009 4.12 113 3.095 0 11

Total 4.38 159 3.271 0 11
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Figure 3

3. Discussion

There are many different possibilities describing why there has been a recent increase in 
minimally invasive lung resection for CLM. One plausible reason is CLM is being diagnosed at 
earlier stages of pregnancy or post-natal findings, thanks to advances in imaging. Both repeat 
ultrasound with Doppler studies and MRI have been used to track and monitor these lesions 
while the fetus continues to grow. They are used to characterize the abnormality by its 
appearance, evaluate the blood supply and venous drainage and determine the changes that occur
throughout the course of fetal development. While there may be some debate as to which one is 
more preferential there is no debate that these two techniques have become much more effective 
in their respective modalities [16]. This has aided in differentiating CLM from other possibilities 
such as a diaphragmatic hernia, bronchopulmonary sequestration, bronchogenic or neuroenteric 
cysts. Due to CLM having a different prognosis than the other lesions it has been important to be
able to separate this from the other possibilities. The advances in imaging has assisted in this 
endeavor. 

Another possibility for the increase in minimally invasive lung resection for CLM is the 
increase in evidence supporting smaller magnitude segmental or wedge resections of CLM as 
opposed to formal lobectomy when this is possible. This conservative treatment has been linked 
to improved post-operative outcomes for the patient, specifically, a shorter duration of chest tube
drainage, shorter intensive care unit stay and shorter hospital stay [6,10,13,14]. Additionally, 
thoracotomy in infancy has been linked to chest wall asymmetry, scoliosis and poor cosmetic 



results [15]. These findings however are controversial and other studies have found no difference
in postoperative length of stay or complications between thoracoscopic and open resections [17].

The thoracoscopic approach has been described as technically demanding and the 
possible benefits from this approach should be weighed in conjunction with the proficiency and 
comfort of the surgeon attempting such approaches. The type of approach used should not only 
be influenced by the surgeon preference but patient characteristics and their complexity should 
also be considered when determining which approach to use. 

The results of this study should be interpreted in the context of its limitations. 
Identification of patients and procedures relied on ICD-9- CM codes in a large secondary data 
source. Though we hope patients who required conversion from a thoracoscopic to open 
resection had the ICD- 9-CM procedure code for open resection, there was no specific variable 
allowing us to determine conversion rates. Moreover, because the data is recorded as individual 
encounters with no unique patient identifiers, it can track neither re-admissions nor post-
discharge outcomes; this could result in overestimation of prevalence rates and underestimation 
of outcomes. We are also unable to ascertain if patients were asymptomatic or not at the time of 
surgery, or if disease was confined to one lung or was bilateral. Coding errors may have also 
influenced our results. 

4. Conclusion

Both the rate of surgical intervention and thoracoscopic approach for CLM have 
increased in the United States. While the exact cause of the increases has yet to be determined 
there is an undeniable trend seen in the data. Along with that the thoracoscopic approach is 
becoming more popular in younger patients with the mean age of operation decreasing from 
7.29 to 4.12 months. Further studies are needed to analyze access to thoracoscopic approach in
various hospital settings to identify possible correlations with the data trends noted in this 
study.
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