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Endobronchial Optical Coherence Tomography for
Low-Risk Microscopic Assessment and Diagnosis of
Idiopathic Pulmonary Fibrosis In Vivo

To the Editor:

Diagnostic certainty of idiopathic pulmonary fibrosis (IPF)
is critical to determine prognosis and therapeutic options. The
U.S. Food and Drug Administration–approved antifibrotic
agents pirfenidone and nintedanib are currently only
indicated for IPF, and immunosuppressants frequently used
to treat other interstitial lung diseases (ILD) have been
associated with worse outcomes when used for IPF (1–4).
According to current guidelines, a diagnosis of IPF requires
identification of a usual interstitial pneumonitis (UIP)
pattern by high-resolution computed tomography (HRCT)
and/or microscopic tissue examination (1). The diagnosis
can be made by HRCT alone in z50% of cases, when all UIP
criteria are met, including honeycombing (1). However, the
inability to visualize microscopic honeycombing (,2–3 mm)
or distinguish honeycomb from traction bronchiectasis is a
frequent cause of diagnostic uncertainty (5, 6). When HRCT is
inconclusive, surgery is required to obtain wedge biopsies
for microscopic evaluation (1), which is associated with
morbidity/mortality risks in patients with IPF (7–9). This
mandates a cautious approach to employing surgical biopsy for
diagnosis, and precludes its repeated use to assess disease
progression.

We demonstrate the use of in vivo endobronchial optical
coherence tomography (OCT) as a minimally invasive method
to microscopically assess and diagnose UIP/IPF without
tissue removal. OCT provides rapid, three-dimensional
imaging with microscopic resolution (,10 mm) well beyond
HRCT capabilities, and can assess significantly larger tissue
volumes (z1003) than can be assessed microscopically from
surgical biopsies (10). OCT is performed by passing a narrow
catheter through a standard bronchoscope working channel
out to the peripheral lung and conducting helical scanning
with pullback lengths up to 10 cm. Some of the results of
these studies have been previously reported in the form of an
abstract (11–13).

Methods
We conducted a pilot study in five sequential patients with ILD
undergoing video-assisted thoracic surgical biopsy for diagnosis
at Massachusetts General Hospital. Endobronchial OCT was
performed before each biopsy. Imaging locations were selected
based on sites of abnormalities identified on HRCT, with four to six
OCT pullbacks obtained per patient. The total time needed to collect
all OCT data was ,6 minutes. OCT imaging was interpreted
independently of biopsy. The OCT images in Figures 1 and 2
are representative still frames selected from larger volumetric
datasets. Patients consented to participate in the study
(approved by the Partners Human Research Institutional Review
Board, #2015-P001345). A summary of the cases is presented in
Table 1.

Results

Endobronchial OCT accurately identified UIP/IPF by detecting
salient microscopic honeycombing and other UIP features in
patients with nondiagnostic HRCT. In cases 1–3, nondiagnostic
HRCT showed bibasilar, subpleural reticular opacities but no
honeycombing. OCT showed microscopic features of UIP
(Figure 1A), including multifocal microscopic honeycombing
seen as irregular, cystic, signal-void spaces embedded in
peripheral, destructive, signal-intense fibrosis with loss of
alveolar architecture, just beyond the bronchiolar epithelium.
OCT visualized spatial heterogeneity as regions of preserved
alveoli adjacent to regions of fibrosis. Subsequent biopsies
(Figure 1B) independently confirmed the UIP diagnosis in all
patients.

Endobronchial OCT accurately differentiated traction
bronchiectasis from microscopic honeycombing to identify
non-UIP/IPF ILD in a patient with a false-positive diagnosis of
UIP/IPF by HRCT. In case 4, HRCT showed subpleural reticular
opacities, traction bronchiectasis, and honeycomb change,
consistent with “definitive UIP” based on current guidelines (1).
Because the patient had a history of juvenile arthritis and may
have had an autoimmune-related ILD, a surgical biopsy was
obtained. OCT (Figure 1C) visualized numerous foci of
traction bronchiectasis as cystic airway branchpoints
connected to the main airway, with nondestructive interstitial
fibrosis in alveolar walls. No honeycombing or other UIP
features were seen. A subsequent biopsy (Figure 1D)
independently confirmed all of the features visualized on OCT,
including traction bronchiectasis and interstitial fibrosis with a
nonspecific interstitial pneumonitis–like pattern, which led to
a non-UIP/IPF ILD diagnosis. Upon retrospective assessment
at a multidisciplinary conference, it was determined that the
honeycombing seen on HRCT was a false positive due to
traction bronchiectasis.

Endobronchial OCT identified microscopic honeycombing and
other UIP features in a patient with nondiagnostic HRCT and
indeterminate surgical biopsy. In case 5, HRCT showed
bibasilar subpleural reticular opacities, with mild ground-glass
opacities and traction bronchiectasis, but no honeycombing.
OCT (Figure 2A) showed dense, destructive subpleural fibrosis,
with loss of alveolar architecture. Foci of irregular, cystic,
multilayered, signal-void spaces were embedded within fibrosis,

Supported in part by NIH grants K23HL132120, T32CA009216, and
R01CA167827.

Author Contributions: L.P.H. contributed to the study design; collection,
analysis, and interpretation of data; and drafting and critical review of
the manuscript; and read and approved the final version. D.C.A., J.C.W.,
M.L., A.M., A.S., T.V.C., M.M.-K., E.J.M., and R.L.K. contributed to the
collection and analysis of data, and critical review of the manuscript, and
read and approved the final version. H.G. contributed to the collection of
data and critical review of the manuscript, and read and approved the final
version. A.M.T. contributed to the study design, analysis and interpretation
of data, and drafting and critical review of the manuscript, and read
and approved the final version. M.J.S. contributed to the study design,
analysis and interpretation of data, and drafting and critical review of the
manuscript; read and approved the final version; had full access to all of the
data in the study; and had final responsibility for the decision to submit for
publication.

Originally Published in Press as DOI: 10.1164/rccm.201707-1446LE on
September 21, 2017

Correspondence 949

http://dx.doi.org/10.1164/rccm.201707-1446LE


HC

HC

TB

IF

IF
1 mm

1 mm

e

A

C

f

IF

TB

B

D

2.5x 2x1 mm

1 mm

f

f

Figure 1. (A) In vivo endobronchial optical coherence tomography (OCT) accurately identified features of usual interstitial pneumonitis (UIP)/idiopathic
pulmonary fibrosis (IPF), including multifocal microscopic honeycombing (HC, arrows) as layered cystic structures embedded within peripheral, destructive
fibrosis (f) beyond the bronchiolar epithelium (e). (B) Subsequent surgical lung biopsies were independently diagnosed as UIP, and confirmed the presence
of peripheral fibrosis (f) and microscopic honeycombing (arrows). (C) OCT accurately identified traction bronchiectasis (TB) as cystic airway branchpoints,
and nondestructive interstitial fibrosis (IF) in alveolar walls in non-UIP/IPF interstitial lung disease (ILD). (D) Subsequent surgical lung biopsy independently
confirmed all features visualized on OCT, including traction bronchiectasis (TB, right inset) and interstitial fibrosis (IF) in alveolar walls (left inset). No
honeycombing or other UIP features were seen, and the biopsy was diagnosed as a non-UIP/IPF ILD.
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Figure 2. (A) In vivo endobronchial optical coherence tomography (OCT) identified microscopic honeycombing (HC) and destructive peripheral fibrosis (f)
in a patient with nondiagnostic high-resolution computed tomography and indeterminate lung biopsy. A branching bronchiole (B) is also visible. (B) OCT
visualized spatial heterogeneity as regions of preserved alveoli (a) adjacent to fibrosis.
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consistent with honeycombing. Regions of preserved alveolar
architecture (Figure 2B) were seen adjacent to areas of destructive
fibrosis. A subsequent lung biopsy showed dense, destructive
subpleural fibrosis, and infrequent individual cystic structures.
Owing to the difficulty of interpreting the biopsy, five pathologists
with ILD expertise reviewed the slides. Three of five pathologists
stated that the biopsy was consistent with UIP but without
definitive honeycombing. One said that UIP was possible but the
biopsy was insufficient for a definitive diagnosis. All four
pathologists postulated that the infrequent cystic structures
could be honeycombing. The fifth pathologist stated that the biopsy
was consistent with chronic organizing pneumonia, and was not
UIP. Although the majority agreed that the biopsy looked
like UIP, the lack of clear honeycombing precluded a definitive
diagnosis.

Discussion
With total imaging times of ,6 minutes, a fraction of the
time required for surgical biopsy, we have shown that
minimally invasive endobronchial OCT can establish accurate
diagnoses of UIP/IPF and non-UIP/IPF ILD in patients with
nondiagnostic HRCT or with a false-positive diagnosis of
UIP/IPF by HRCT. OCT can detect and distinguish microscopic
features of UIP/IPF and non-UIP/IPF ILD, including fibrosis
extent and distribution, microscopic honeycombing (,2 mm) not
visualized by HRCT, and traction bronchiectasis confused
with honeycombing on HRCT. Fibroblastic foci, a histologic
criterion for UIP/IPF, are not visible by HRCT and thus are
not part of the HRCT criteria for UIP/IPF (1). The distinction
between definitive and probable UIP/IPF diagnoses by
HRCT rests on the detection of honeycombing. Therefore,
we anticipate that accurate recognition of honeycombing
by OCT, rather than assessment of fibroblastic foci, will
provide high diagnostic accuracy, as demonstrated by the
presented cases.

UIP/IPF is characterized by patchy disease with spatial
heterogeneity. Thus, it is well known that lung biopsy can be an
imperfect diagnostic technique owing to small tissue volumes and
sampling error. Endobronchial OCT images significantly larger
tissue volumes and can access more distinct locations than

biopsies, and thus is less likely to suffer from sampling errors. It is
postulated that in case 5, OCT may have visualized honeycomb foci in
regions that were not captured within the more limited surgical
biopsy tissue.

The above case vignettes support the potential of OCT to serve
as a low-risk microscopic complement to HRCT for the assessment
and diagnosis of UIP/IPF in vivo without surgery or tissue
resection. Further validation studies are needed to assess the
sensitivity/specificity of OCT for UIP/IPF diagnosis. OCT, by
virtue of its minimal invasiveness, can be performed under
conscious sedation and allows patients to be studied repeatedly
over time. This will provide unique opportunities to investigate
the natural history of IPF pathogenesis and assess the efficacy of
new therapeutic agents longitudinally at the microscopic level,
which would be a tremendous tool in both clinical and research
settings. n
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Table 1. Summary of Patients with Interstitial Lung Disease Who Underwent In Vivo Endobronchial Optical Coherence
Tomography

Case No. Age/Sex HRCT Interpretation
In Vivo Endobronchial

OCT Diagnosis
Surgical Lung

Biopsy Diagnosis

1 56/M Nondiagnostic UIP UIP
2 74/M Nondiagnostic UIP UIP
3 69/M Nondiagnostic UIP UIP
4 52/F UIP Non-UIP/IPF ILD Non-UIP/IPF ILD
5 64/M Nondiagnostic UIP Indeterminate*

Definition of abbreviations: HRCT = high-resolution computed tomography; ILD = interstitial lung disease; IPF = idiopathic pulmonary fibrosis; OCT =
optical coherence tomography; UIP = usual interstitial pneumonitis.
*Reviewed by five pathologists: interpreted by three as UIP without clear honeycomb; by one as indeterminate, UIP possible; and by one as chronic
organizing pneumonia.
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The Y Chromosome Plays a Protective Role in
Experimental Hypoxic Pulmonary Hypertension

To the Editor:

Pulmonary arterial hypertension (PAH) is a chronic pulmonary vascular
disease characterized by elevated pulmonary arterial pressure and vascular
remodeling leading to right ventricular (RV) failure and death (1). PAH
in general, and its idiopathic form in particular, has long been considered
to be a disease of young women, with female sex itself being a risk factor
(1). Surprisingly, being female is protective against the development of
pulmonary hypertension (PH) in various animal models (2). Because this
effect has largely been attributed to the protective effects of estradiol, the
phenomenon is known as the “estrogen paradox” (3, 4). One way to
resolve this paradox is to consider that sex hormones alone are not
sufficient to explain the marked sex bias observed in PH in humans.

Here, we report that the type of sex chromosome (XX vs. XY)
contributes to sex differences in PH mouse models. Sex chromosomes
and sex hormones are both known to act directly on tissues to produce
sex differences in physiology and disease (5). Mouse studies in which
the number and type of sex chromosomes were independent of gonadal
sex indicated that sex chromosomes contribute to sex differences
in autoimmune disease, metabolic dysfunction, neurodegeneration,
and cardiovascular disease (6, 7). Therefore, genes encoded on the
sex chromosomes have already been shown to have strong effects that
contribute to sex differences in various phenotypes, including disease
susceptibility and progression. We investigated, for the first time, the
role of sex chromosomes (in the absence of gonadal hormones) in the
development of hypoxia-induced PH, using the informative “four core
genotypes” (FCG) and XY* mouse models.

The FCG model produces mice in which sex chromosomes
are independent of gonadal sex (XX and XYmice with testes [males], and
XX and XY mice with ovaries [females]), allowing the effects of sex
chromosomes to be assessed independently of gonadal sex (5). To
eliminate the effect of gonadal hormones in adulthood, FCG mice were
gonadectomized (GDX) at 75 days after birth, and 30 days later were
placed in hypoxia (10% oxygen) or normoxia for 3 weeks. We found
that hypoxic XY mice, irrespective of gonadal sex, developed less severe
PH than XX mice. RV systolic pressures (RVSPs) were significantly
lower in XY mice than in XX mice (RVSP: mean6 SEM, 43.316
5.72 mm Hg in XX females and 46.516 4.52 in XX males vs. 33.176
2.36 in XY females and 40.46 2.31 in XY males). Lower RVSPs in XY
mice were accompanied by the presence of less severe pulmonary
vascular remodeling (percent wall thickness: 23.846 3.14 in XY females
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