
Accuracy of chest high-resolution
computed tomography in diagnosing
diffuse cystic lung diseases

To the Editor:

The diffuse cystic lung diseases (DCLDs) are a group of pathophysiologically heterogeneous processes
characterised by the presence of multiple, thin-walled, air-filled spaces within the pulmonary parenchyma
[1]. The differential diagnosis of DCLDs includes lymphangioleiomyomatosis (LAM), follicular
bronchiolitis (FB), lymphocytic interstitial pneumonia (LIP), Birt–Hogg–Dubé syndrome (BHD),
pulmonary Langerhans cell histiocytosis (PLCH), amyloidosis, light chain deposition disease, cystic
metastases, infectious entities such as Pneumocystis, and other aetiologies [2]. Bronchiectasis and bullous
changes seen in chronic obstructive pulmonary disease can also produce high-resolution computed
tomography (HRCT) patterns that mimic the DCLDs.

The utility of HRCT in the diagnosis of LAM and differentiation from other DCLDs is not completely
defined. According to the European Respiratory Society (ERS) guidelines, characteristic HRCT features
along with a compatible clinical history are sufficient to confidently diagnose LAM, without the need for a
tissue biopsy [3]. However, previously reported accuracy rates for diagnosing LAM based on HRCT
findings may not be sufficient in an era when interventions with substantial risks are becoming available.
Two prior studies have reported accuracy rates of 72–84% in diagnosing LAM based on imaging
characteristics alone [4, 5]. The aim of our study was to determine the diagnostic accuracy of HRCT
evaluation by radiologists and pulmonologists, at various levels of expertise, in patients with DCLDs
presenting to referral centres.

We retrospectively obtained HRCTs from 89 patients referred to LAM Foundation Clinics at the
University of Cincinnati (Cincinnati, OH, USA), Mayo Clinic Rochester ( Rochester, MN, USA) and
National Kinki-Chou Hospital (Osaka, Japan) for further evaluation of DCLDs. All scans were
non-contrast HRCTs and only thin section (1–3 mm) images were employed in the analysis. Patient
identifiers were removed and the digital image files and a DICOM viewer (Santesoft, Athens, Greece), with
full scrolling and magnification capabilities, were distributed to all reviewers. When necessary, abdominal
cuts of the HRCT were removed to ensure that pathognomonic abdominal features, such as the presence
of angiomyolipomas, would not influence the interpretation. The scans were analysed by three expert
thoracic radiologists, and 12 pulmonary physicians with varying levels of expertise, subclassified as DCLD
expert pulmonologists (n=5), general pulmonologists (n=4) and pulmonary fellows (n=3).

Observers were asked to record the most likely diagnosis and degree of confidence (confident or not
confident). Observers were blind to all clinical or pathological data. Images used for analysis were exclusively
derived from patients with definite diagnoses established by biopsy, genetic testing or professional society
guidelines. The results were used to calculate sensitivity and specificity of HRCT based diagnoses. In addition,
inter-observer agreement among the various groups was calculated using the Fleiss kappa determination. All
analyses were conducted using Microsoft Excel and SAS for Windows version 9.3 (Cary, NC, USA).

LAM was the most common disease in our study (45 out of 89 cases). Other cases included: PLCH
(n=18), BHD (n=5), LIP/FB (n=5), normal (n=5), emphysema (n=3), amyloidosis (n=3), pleuropulmonary
blastoma (n=1), non-specific interstitial pneumonia (n=1), hypersensitivity pneumonitis (n=2), and
lymphangiomatosis (n=1).

Expert radiologists correctly diagnosed LAM in 41 (91%) out of 45 cases, and when confident, in 34 (98%)
out of 35 cases . DCLD expert pulmonologists correctly diagnosed LAM in 39 (86%) out of 45 cases, and
in 36 (95%) out of 38 cases, when confident. General pulmonologists and pulmonary fellows correctly
identified LAM in 79% and 83% of cases, respectively (figure 1a).

The accuracy of diagnosing non-LAM DCLDs based on HRCT was lower than LAM. Expert radiologists
performed better than pulmonologists in all categories (figure 1b). Expert radiologists diagnosed PLCH
with an accuracy of 74%. Pulmonary physicians correctly identified PLCH in 31–58% of the cases.
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Interestingly, when confident, the accuracy of PLCH diagnosis by all observers was nearly perfect for the
attending physicians (95–100%), but not for the trainees (69%).

Expert radiologists were able to distinguish BHD from other DCLDs with an accuracy of 93%, rising to
100% when confident. In contrast, pulmonary physicians and trainees were able to correctly diagnose
BHD in 35–47% of the cases. The accuracy of expert radiologists in the diagnosis of LIP/FB was 54%, and
78% when confident. Pulmonologists were able to correctly diagnose LIP/FB in 10–44% of the cases.

Overall, expert radiologists performed better than pulmonologists, correctly assigning the DCLD diagnosis
in 71 (80%) out of 89 cases (p<0.0001) and in 54 (89.5%) out of 60 cases when confident. Inter-observer
agreement (κ) for correct DCLD diagnosis was highest among the expert radiologists (κ=0.82, almost
perfect agreement), followed by expert pulmonologists (κ=0.64, substantial agreement), pulmonary fellows
(κ=0.56, moderate agreement), and general pulmonologists (κ=0.53, moderate agreement).

The results of our analysis show that expert radiologists can accurately diagnose DCLDs in a high
proportion of cases (80%) based on HRCT features alone. The diagnostic accuracy of pulmonologists
lagged behind radiologists. The accuracy rate for all reviewers in diagnosing LAM based on HRCT features
was higher than other DCLDs. Expert radiologists were able to correctly diagnose LAM in >90% of cases.

LAM is a female-predominant lung disease caused by mutations in tuberous sclerosis genes and the
infiltration of pulmonary parenchyma with abnormal smooth muscle cells [6]. LAM is characterised by
the presence of multiple, round, thin-walled diffusely distributed pulmonary cysts, often with normal
appearing intervening lung parenchyma [3]. The rationale for pursuing a definite diagnosis has been
strengthened of late. A recent randomised controlled trial demonstrated that sirolimus stabilises lung
function decline and improves quality of life in patients with LAM [7]. However, effective therapy with
sirolimus requires continuous drug exposure and is associated with potential adverse effects. Given the
specter of long-term therapy, we favour pursuing the diagnosis until certainty is attained. Therefore, in
patients with LAM who are being considered for sirolimus therapy, we recommend a critical appraisal of
HRCT findings by an expert, and a diagnosis based on criteria outlined in the ERS LAM Guidelines [6].
In addition, serum vascular endothelial growth factor-D is a useful diagnostic biomarker for LAM that can
obviate the need for biopsy in some cases [8, 9].

With regard to other DCLDs, expert radiologists correctly diagnosed PLCH in 74% of the cases, with the
accuracy rate increasing to 100% in confident cases. Based on these results, we submit that HRCT features
alone may be sufficient to diagnose PLCH in only the most “typical” cases. Clinicians should consider
tissue confirmation for PLCH in atypical cases and in patients considering treatment with agents that have
significant side-effect profiles. Although the total number of BHD cases in our study was small, our results
suggest that an expert radiologist can diagnose BHD with a high degree of certainty based on HRCT
features. However, genetic or skin tissue confirmation is recommended even if the HRCT is characteristic
since the diagnosis will commit the patient to lifelong monitoring for renal neoplasms [10].

Our study has several unique features and limitations. Since we restricted the analysis to LAM and other
LAM mimics, our dataset was representative of a cohort that would be seen at a DCLD referral centre.
This was a retrospective analysis and the number of patients with some of the non-LAM DCLDs, such as
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FIGURE 1 Accuracy rates of diagnosing diffuse cystic lung diseases based on high-resolution computed
tomography (HRCT) characteristics. a) Accuracy rates of diagnosing lymphangioleiomyomatosis (LAM) based
on HRCT images. b) Accuracy rates of diagnosing non-LAM cystic lung diseases based on HRCT images. ER:
expert radiologists; EP: expert pulmonologists; GP: general pulmonologists; PF: pulmonary fellows.
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BHD and LIP/FB, was small. Another limitation was the lack of availability of standard training and
education regarding the diagnostic criteria of various DCLDs for the reviewers. The blinding of evaluators
puts them at a disadvantage in making a definitive diagnosis as many DCLDs have characteristic clinical
features such as angiomyolipomas in LAM, skin findings of fibrofolliculomas in BHD, and the presence of
sicca symptoms and autoantibodies in patients with LIP/FB. Thus the accuracy rate for diagnosing DCLDs
is almost certainly higher in real clinical situations than reported here.

We recommend critical review of HRCT features by an expert radiologist when evaluating patients with
DCLD, especially when the diagnosis is uncertain or long-term treatment and monitoring programmes are
being considered. Tissue or genetic confirmation is recommended if HRCT features are at all atypical or if
interventions associated with risk are contemplated.

@ERSpublications
Correct diagnosis of diffuse cystic lung diseases is established in most cases by critical review of
HRCT features http://ow.ly/NvrCc
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