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Transmission electron microscopy

of transbronchial lung cryobiopsy samples
in a cohort of fibrotic interstitial lung disease
patients — feasibility and implications

of endothelial alterations
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Abstract

We evaluated the utility of transmission electron microscopy (TEM) in transbronchial lung cryobiopsy (TBLC)
samples from 16 consecutive patients undergoing routine evaluation of fibrotic interstitial lung disease (ILD). Next
to routine pathology examination, 1 to 2 TBLC samples were prepared for TEM analysis and evaluated using a Zeiss
LEO EM 910. Subpleural cryobiopsies and unfrozen excision biopsies from fresh lobectomy tissue of non-ILD lung
cancer patients served as controls. TEM provided high-quality images with only minor cryoartifacts as compared
to controls. Furthermore, in several ILD patients we found marked microvascular endothelial abnormalities

like luminal pseudopodia-like protrusions and inner surface defects. These were extensively present in four

(25%), moderately present in seven (43.8%), and largely absent in five (31.3%) patients. A higher degree of TEM
endothelial abnormalities was associated with younger age, non-specific interstitial pneumonia pattern, higher
broncho-alveolar lavage lymphocyte count, positive autoantibodies, and lower spirometry, diffusion capacity and
oxygenation biomarkers. We conclude that TEM evaluation of TBLC samples from ILD patients is feasible, while the
observed microvascular alterations warrant further evaluation.
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Brief report

The spectrum of fibrotic interstitial lung diseases (ILD)
shares pathogenetic mechanisms of inflammation and
fibrosis not only involving the interstitial space, but also
the alveolar epithelium and the vascular endothelium [1,
2]. While light microscopy only allows for a limited per-
ception of such processes [3, 4], transmission electron
microscopy (TEM) enables deeper insights into cellular
and subcellular structures, and can potentially visualize
earlier disease-specific alterations [5]. Transbronchial
lung cryobiopsy (TBLC) has proven a reasonable bal-
ance between quantity and quality of retrieved tissue
and procedural risk, with a diagnostic yield similar to
surgical lung biopsy [6]. As TBLC samples from fibrotic
ILD patients have not been systematically studied by
TEM so far, we assessed the feasibility of this approach
and particularly microvascular alterations in a cohort
of consecutive fibrotic ILD patients undergoing routine
bronchoscopic evaluation at Kepler University Hospital
Linz, Austria in the year 2023.

Patients with fibrotic ILD (i.e. with computed tomogra-
phy evidence of a reticular pattern, traction bronchiecta-
sis or honeycombing) provided written-informed consent
to additional TEM evaluation 1 to 2 TBLC samples, given
there was sufficient biopsy material for routine pathology
examination. TBLC was performed according to current
state-of-the-art [6], under general intravenous anaesthe-
sia with rigid bronchoscopic intubation and jet ventila-
tion. A balloon catheter for bleeding control was placed
and a minimum of 4 TBLC samples were retrieved from
two different lung segments under fluoroscopic control.
Samples for TEM were fixed in a cacodylate-buffered
solution of 2.5% glutaraldehyde and 2% paraformalde-
hyde, postfixed in 1% osmium tetroxide, and embedded
in epoxy resin. Ultrathin sections were analyzed in a Zeiss
LEO EM 910. Biopsy samples intended for routine light
microscopy were fixed in 4% formalin and stained with
Hematoxylin-Eosin (HE). For controls, subpleural fresh
lobectomy tissue from lung cancer patients unaffected by
ILD, participating in another study was sampled both by
a cryoprobe inserted through a pleural incision, and by
excision without freezing.

Of 18 patients enrolled, one sample for TEM analy-
sis did not contain sufficient alveolar lung tissue, and in
one patient, endobronchial bleeding kept the investiga-
tor from acquiring an additional sample for TEM. In
the remaining 16 patients, TEM revealed good ultra-
structural preservation and enabled the definition of a
standardizable set of cryoartifacts as compared to three
non-frozen controls: The cryosampled tissue was pre-
dominantly characterized by expanded interstitial spaces
and a reduced electron density of cytoplasmic areas. This
was commonly accompanied by an inflation of membra-
nous compartments such as endoplasmatic reticula, and
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by mitochondrial swelling together with a loss of inner
membrane structure and coherence. (Fig. 1a-c).

As compared to controls, the alveolar parenchyma of
ILD lungs was characterized by larger deposits of colla-
gen, elastic fibres, and presence of fibroblasts (Fig. 2c-f).
In several cases, the basal membrane layers between cap-
illary endothelia and pneumocytes were thickened, inter-
spersed with collagen fibres and fibroblast protrusions
(Figs. 1c and 2d).

The most evident TEM findings concerning microvas-
cular morphology in a considerable fraction of patients
were a marked transformation of capillary endothe-
lia towards a thickened cell shape as compared to their
normal squamous appearance, and the presence of
numerous pseudopodia protruding into the lumina.
Endothelial thickenings, either cushion-like or along the
entire perimeter, together with the pseudopodia even
lead to a complete capillary obstruction in extreme cases
(Fig. 2c-f). These endothelial abnormalities were staged
as grade 3 (highly present) in 4 patients (25%), as grade 2
(moderately present) in 7 patients (43.8%), and as grade 1
(largely absent) in 5 patients (31.3%). (Fig. 2)

Although less distinct than in TEM, routine light
microscopy also revealed pathological vascular features
in several patients, including swelling and increased
number of endothelial cells and focal vessel proliferation.
Analogously graded by severity, these were correlated
with endothelial alterations detected in TEM (Table 1).

As shown in Table 1, patients with more advanced
endothelial alterations were younger, more hypoxemic
and had lower lung volumes and diffusion capacity.
Radiologically, they more frequently exhibited a non-spe-
cific interstitial pneumonia (NSIP) pattern, had a higher
lymphocyte count in broncho-alveolar lavage (BAL), and
more frequently fulfilled the serological domain of inter-
stitial pneumonia with autoimmune features. However,
the grade 3 patients did not exhibit other classical signs
of acute inflammation, neither locally such as lympho-
cyte aggregates and presence of lymph follicles in light
microscopy, nor systemically such as elevations in rel-
evant blood biomarkers like CRP and LDH (Table 1).

Our results demonstrate that diagnostic TEM exami-
nation of TBLC samples from ILD patients is feasible and
enables high-quality ultrastructural imaging, with cryo-
artifacts occurring in a standardized fashion. Primarily,
this implies that our described approach can be con-
sidered as a method for future research of fibrotic ILD,
especially concerning microvascular processes. The num-
ber of patients in our study was low, so that no definite
conclusions on the origin and significance of the vascular
alterations detected can be drawn. Still, our findings of
marked endothelial abnormalities in a subgroup of ILD
patients once more emphasize the prominent role of the
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Fig. 1 Representative images of alveolar capillaries and surrounding tissue in an unfrozen control (a), a control frozen to a cryoprobe (b), and a cryo-
biopsy sample of an ILD case (c). In cryobiopsy specimens, mitochondria (arrows) are dilated and lack inner membrane structure, the endoplasmatic
reticulum (white arrowheads) and other membranous compartments appear bloated. Some interstitial spaces are dilated (asterisks). bl: basal lamina, cf:
collagen fibrils, ef: elastic fibers, E: endothelial cell, Er: erythrocyte, F: fibroblast, P1: type 1 pneumocyte, arrows: mitochondria, white arrowheads: endo-

plasmic reticulum, asterisk: dilated spaces. Scale bars: T um

pulmonary endothelium in the pathophysiological pro-
cesses underlying fibrotic ILD [2].

Although patients with stage 3 TEM endothelial altera-
tions had a higher BAL lymphocyte count, presence of
autoantibodies, and a radiological NSIP pattern in most
cases, they exhibited rather less pronounced light micros-
copy signs of inflammation and inconspicuous levels of
relevant systemic inflammation biomarkers. Such dis-
crepancy between advanced endothelial transformation
and the absence of fully developed local inflammation

may indirectly correlate with the results of a post-mor-
tem study on fatal COVID-19 pneumonia, where TEM
failed to reveal significant endothelial abnormalities
despite evidence of severe alveolar epithelial damage [7].

Of interest, similar luminal endothelial pseudopodia
formation as seen in our cohort has been reported as
a response to lack of capillary fluid flow in rat skeletal
muscles [8], thus the observed capillary alterations could
represent a response to altered blood flow conditions and
shear stress in lung areas affected by ILD.
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Fig. 2 Representative images of alveolar capillaries and surrounding tissue showing different grades of TEM endothelial alterations. In grade 1 samples
(a, b) capillary endothelial cells show a normal, flattened morphology, in grade 2 (¢, d) they are partly thickened and form luminal pseudopodial protru-
sions (black arrowheads). This is further increased in number and size in grade 3 (e, f), up to complete vessel obturation (f). bl: basal lamina, cf.: collagen
fibrils, ef: elastic fibers, E: endothelial cell, Er: erythrocyte, F: fibroblast, P1: type 1 pneumocyte, black arrowheads: endothelial protrusions. Scale bars: 1 um
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Table 1 Baseline patient characteristics, laboratory, lung function and light microscopy results of all patients, and according to grades

of TEM endothelial alterations

Grades of TEM endothelial alteration

patient characteristics all

n=16
sex, male, n (%) 12 (75.0)
age, years, mean (SD) 71.3(8.1)
cigarette pack-years, mean (SD) 209 (16.9)
ILD-board diagnosis, n (%)
autoimmune-related ILD 5(31.3)
idiopathic NSIP 5(31.3)
hypersensitivity pneumonitis/drug-related ILD 3(18.8)
unclassifyable ILD 3(18.8)
HRCT imaging Characteristics, n (%)
probable UIP/definite UIP 6(37.5)
NSIP 7 (43.8)
HP 1(63)
Unclassifyable 2(12.5)
fibrotic ILD extent < 20%, n (%) 7 (43.8)
Blood and BAL biomarkers, mean (SD)
hemoglobin (g/dL) 144 (1.2)
C-reactive protein (mg/dL) 0.2(0.2)
lactate dehydrogenase (U/L) 260 (64.8)

serological IPAF domain (% positive) 438

BAL neutrophil fraction (%) 13.5(12.4)
BAL lymphocyte fraction (%) 9.4 (8.1)
BAL eosinophil fraction (%) 13(2.5)
lung function biomarkers

FVC (% predicted) 78.9(19.9)
DLCO (% predicted) 55.2(15.6)
pO2 (mmHg) 70.3 (8.0)
AaDO2 (mmHg) 33.1(8.1)
lowest SO2 during 6GMWT 874 (5.9)
6MWT distance (% predicted) 988 (11.4)
light microscopy findings

vascular alterations score n(%)

1 10 (62.5)
2 2(12.5)

3 3(18.98)
not evaluable 1(6.3)
inflammation score (n%)

1 7 (43.8)

2 5(31.3)

3 3(18.9)
not evaluable 1(6.3)

1 2 3

n=5(313) n=7(43.8) n=4(250)

4(80.0) 5(71.4) 3(75.0)

744 (88) 714(92) 673 (4.6)

16.6 (15.9) 224(19.9) 23.8(16.0)

1(20.0) 2(286) 2(50.0)

2(40.0) 2(286) 1(25.0)

2 (40.0) 0 1(25.0)

0 3(429) 0

3(60.0) 3(42.8) 0

2(40.0) 2(286) 3(75.0)

0 0 1(25.0)
2(286) 0

2(40.0) 3(428) 2(50.0)

13.9(13) 144 (13) 149(0.8)

03(0.3) 0.2(0.1) 0.2(0.1)

241 (65.2) 291 (72.6) 2303 (27.6)

400 286 75.0

146 (11.3) 16.7 (15.9) 6.5 (2.9)

56 (4.7) 89(6.2) 153(124)

04 (0.5) 0.7 (0.8) 3.5 (4.5)

90.2 (24.5) 80.0 (16.7) 62.8(83)

57.7 (16.2) 57.4(18.0) 482(11.2)

735 (86) 69.8 (7.0) 67.2(9.5)

287(7.2) 345(7.9) 36.0(9.1)

89.2 (4.2) 89.0 (3.7) 823(8.8)

958 (11.7) 101 (104) 985 (14.9)

5(100.0) 4(57.1) 1(25.0)

0 1(143) 1(25.0)

0 1(14.3) 2(50.0)

0 1(14.3) 0

1(20.0) 3(429) 3(75.0)

3(60.0) 2(28.6) 0

1(20.0) 1(14.3) 1(25.0)

0 1(14.3) 0

TEM=transmission electron microscopy, SD=standard deviation, ILD=interstitial lung disease, UIP=usual interstitial pneumonia, NSIP=non-specific interstitial
pneumonia, HRCT=high resolution computed tomography, HP=hypersensitivity pneumonitis, BAL=broncho-alveolar lavage, IPAF=interstitial pneumonia
with autoimmune features, FVC=forced vital capacity, DLCO=diffusion capacity for carbon monoxide, AaDO2=alveolo-arterial oxygen gradient, SO2=0xygen

saturation, BMWT=6-minute walk test.

Research on systemic sclerosis and pulmonary arte-
rial hypertension implies that microvascular remodelling
could also be indicative of endothelial to mesenchy-
mal transition [9, 10]. Alternatively, as the TEM stage 3
patients in the present study had lower spirometry, diffu-
sion capacity and oxygenation biomarkers, the observed

endothelial alterations could indicate hypoxemia-induced
angiogenesis, however the entirely endoluminal fashion
of the observed processes does not appear typical of new
vessel formation [2].

The limitations of our reported analyses include
the small sample size and the lack of the possibility of
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comparison with other, similar studies and with healthy
individuals. The small control group was derived from
cancer patients and the tissue from which the control
biopsies were taken had been ischaemic for up to one
hour before sampling, while cryobiopsies from ILD cases
were processed immediately, within seconds after thaw-
ing. Also, given the advanced age of the patient popula-
tion, it cannot be precluded that processes associated
with normal ageing or with pulmonary comorbidities
may have contributed to the observed endothelial altera-
tions. Alveolar capillaries arise both from the systemic
as well as from the pulmonary circulation and it can-
not be clarified with certainty, whether the observed
alterations are specific to either system. Also, not only
the heterogeneity of ILD entities present in the stud-
ied cohort, but also the possible spatial heterogeneity of
interstitial changes within a single patient’s lung could
impair the comparison between cryobiopsy samples ana-
lyzed by TEM and those undergoing usual microscopic
evaluation.

We suggest that TEM evaluation of TBLC samples
from ILD patients is feasible, could enable novel insights
into ILD pathophysiology, and should therefore be evalu-
ated further in basic and clinical research. The observed
microvascular alterations warrant evaluation in larger
cohorts with a refined methodology.
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