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Abstract. Background and Objectives: Transbronchial cryobiopsy (cryo-TBB) is increasingly being used in
the diagnosis of diffuse parenchymal lung diseases (DPLD). Varying diagnostic success and complication rates
have been reported. Herein we report our experience with cryo-TBB, focusing on diagnostic yield, factors affecting diagnosis, and safety. Methods: This retrospective study was conducted in a tertiary referral chest diseases
hospital. Data regarding the patients, procedures, complication rates, diagnostic yield, and the final diagnosis
made by a multidisciplinary committee at all diagnosis stages were evaluated. Results: We recruited 147 patients
with suspected DPLD. The definitive diagnosis was made pathologically in 98 of 147 patients (66.6%) and using a multidisciplinary approach in 109 of 147 (74.1%) cases. The number of samples had a significant effect
on diagnostic success. Histopathologic diagnostic yield and diagnostic yield with a multidisciplinary committee
after a single biopsy were 50%, and histopathological diagnostic yield and diagnostic yield with multidisciplinary committee increased to 71.4% and 85.7%, respectively, with a second biopsy (p = 0.034). The incidence
of mild-to-moderate hemorrhage was 31.9%; no severe hemorrhage occurred. Pneumothorax rate was 15.6%,
and the mortality rate was 0.68%. Conclusions: Cryo-TBB has sufficient diagnostic yield in the context of a
multidisciplinary diagnosis with acceptable complication rates. Performing at least 2 biopsies and from at least
2 segments increases diagnostic success.
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Diffuse parenchymal lung diseases (DPLDs) are
a heterogeneous group of lung parenchymal disorders
with varying treatment options and prognoses. Given
this heterogeneity, arriving at a differential diagnosis
is critical (1, 2). However, arriving at a differential
diagnosis could be challenging given the similar and
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overlapping features between diseases. In most cases,
further invasive procedures are required for accurate
diagnosis following appropriate radiologic and physiological evaluations (3). Surgical lung biopsy (SLB)
continues to be the gold standard in identifying the
possible causes of DPLDs and their histopathologic
patterns despite the associated mortality and morbidity (4-6). The 60-day mortality rate after SLB
has been reported to range from 2% to 4%, signifying the need for less-invasive diagnostic procedures
(5, 7). Among these minimally invasive methods,
conventional transbronchial forceps biopsy offers a
less-invasive approach; however, its diagnostic yield is
low owing to small biopsy samples and crush artefacts
(8, 9). Transbronchial cryobiopsy (cryo-TBB), which
seems to be safe procedure with lower complication
and mortality rates compared than SLB in DPLD
diagnosis (4). Comparing the results from published
cryo-TBB case series is challenging given the differences in technical details of the procedure such as
the use of bronchial blockers, non-use of fluoroscopy,
and performing the procedure through an intubation
tube. These different procedural approaches can also
result in differences in diagnostic yield and complication rates (10).
This study aimed to report our experience with
the diagnostic yield and complications of cryo-TBB
applied at our tertiary referral chest diseases hospital.

Figure 1. Diagnostic algorithm of the patients

Methods
This retrospective study was held in Yedikule
Chest Diseases and Thoracic Surgery Hospital interventional pulmonology unit between January 2014
and December 2019. . The total number of patients
eligible for cryobiopsy was 155. Among those,
4 patients developed desaturation immediately after
the intubation with a rigid bronchoscope, the cryo
probe could not be moved distally in 3 patients,
and 1 patient developed arrhytmia. Excluding these 8 cases, the study included data from
147 patients. The diagnostic steps are detailed in the
scheme (Figure 1) Inclusion criteria were DPLD
patients who could not be differentially diagnosed
with clinical, laboratory, immunological and high
resolution computed tomography (HRCT) data
and were indicated for surgical lung biopsy and
evaluated with cryo-TBB. All patients had pulmonary function tests (PFTs), complete blood count,
HRCT, and echocardiography. The procedure was
not applied to patients who had bleeding tendency
(INR> 1.5, Platelet count <50.000 / microL), estimated Pulmonary artery pressure > 40 mmHg,
uncontrolled cardiac arrhythmia, unstable angina,
severe hypoxemia (pO2 <55 mm Hg despite oxygen support), carbon monoxide diffusing capacity (DLCO) <35%, forced expiratory volume
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(FVC)<50% and whose procedure was terminated
without cryo-TBB due to cardiac and respiratory
instability detected after intubation.
Procedure
Anticoagulant treatments were discontinued before the procedure basis the indications in
a patient. HRCT were used to identify the biopsy
location before the procedure. Basis the radiological pattern, samples were biopsied from ≥1 distinct
lobes. The procedure was performed under anesthesia with intravenous propofol and remifentanil, and
intubation was achieved with a rigid bronchoscope.
Biopsies were performed under fluoroscopy guidance with a flexible bronchoscope passed through a
rigid tube, and the bronchoscope was placed in the
determined bronchus. A flexible cryoprobe, 90 cm in
length and 1.9 mm in diameter, was used for biopsy
(ERBE, Germany) (shown in Figure 2a). The probe
was cooled using nitrous oxide (N2O), which caused
the probe tip temperature to reach −89°C in a few
seconds.
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The cryoprobe, which was directed through a
flexible bronchoscope in the determined bronchus,
was placed perpendicularly to the chest wall up to
10–20 mm from the thoracic wall under fluoroscopy
guidance (shown in Figure 2b). When the cryoprobe
was placed in the determined position, it was cooled
for an average of 5–6 s and withdrawn using the
flexible bronchoscope, with the frozen lung tissue
attached to the probe tip. The frozen tissue sample
was placed in a formalin solution for fixation without damage. The uninflated Fogarty balloon, which
was placed in the lobar bronchus closest to the biopsy
segment, was inflated after each biopsy and slowly
deflated for bleeding control (shown in Figure 2c).
Hemorrhages were classified basis the following criteria: grade 1 hemorrhage (mild) if endoscopic aspiration was required; grade 2 (moderate) hemorrhage
if additional endoscopic procedures were required
(bronchial occlusion and/or cold saline); and grade
3 (severe) hemorrhage if surgical interventions
because of hemodynamic or respiratory instability,
transfusions, and/or intensive care unit admission
were required (4). Patients who could not undergo

Figure 2. a) The flexible 1.9 mm diameter and 900 mm length cryoprobe, b) Marks on the distal area of the probe (1 cm between
each mark) c) Fogarty baloon d) Cryo-transbronchial lung biopsy samples from one of the patients vs conventional biopsy sample
comparison
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cryobiopsy in the exclusion criteria were included
in the bleeding assessment. Chest x-ray control was
planned 2 hours after the procedure to check for an
iatrogenic pneumothorax.
Clinical information, radiological features, and
biopsy results were then evaluated by a multidisciplinary committee including clinicians, radiologists,
and pathologists. This study was approved by the
ethics committee of our institution.
Statistical Analysis
Statistical analysis was performed using IBM
SPSS Windows 22.0. Continuous variables were
presented as means ± standard deviations and medians
(min-max) and categorical variables as numbers and
percentages. Parametric test assumptions (normality
and homogeneity of variances) were checked before

comparing the groups. Categorical values were
analyzed using the Fisher exact test. The Mann–
Whitney U test and paired samples t tests were used
to compare continuous variables. A p value < 0.05
was considered statistically significant.
Results
147 patients were enrolled to the study. Among
those, 4 patients developed desaturation immediately
after the intubation with a rigid tracheoscopy, the
cryo probe could not be moved distally in 3 patients,
and 1 patient developed arrhytmia. Excluding these
8 cases, the study included data from 147 patients.
The average age of the patients analyzed in the
study was 56.4 ± 13 and 82 of them were female
(55.8%) and 65 were male (44.2%). The baseline
characteristics of the patients are provided in Table 1.

Table 1. Patients’ characteristics at baseline and procedural details
Patient number (n)

147

Mean age (years±SD)

56.4±13

Gender n (%) Female

82 (55.8)

Male
Smoking (Pack-years) (n=95, mean±SD)
CCI (n)

65 (44.2)
12.5±16.8

0-2

90

>3

57

FVC % predicted (Mean±SD)

82.4±18.5

DLCO% predicted (Mean)

59.01±18.1

Biopsy
location

Right lung (n,%)

134 (91.2)

Left lung (n,%)

13 (8.8)

One segment

73

Two different segments

69

Three different segments

5

Mean biopsy number (n±SD)
Freezing duration (seconds, min-max)

3.3±1
4.8±1.2 s (4-10)

Small axis diameter (mm±SD)

2.8±0.6

Large axis diameter (mm±SD)

6.9±2.3

CCI Charlson Comorbidity index, FVC: Forced vital capacity, DLCO: Carbon monoxide
diffusion capacity, cTBB: Transbronchial lung cryobiopsy, SD: standard deviation
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The number of biopsies taken from the right
and the left lung were 134 (91.2%) and 13 (8.8%),
respectively. Biopsies were taken from one segment
in 73 (49.6%) patients, from two different segments
in 69 (46.9%) patients, and from three different
segments in 5 (3.4%) patients. Cryo-TBB was
performed on different segments of the same lobe
in 61 cases and two different lobes and different
segments in 15 cases . The mean biopsy number per
patient was 3.3 ± 1 (range 1-6). Mean freezing time
during the procedure was 4.8 ± 1.2 seconds (range:
4-10). The shortest and longest diameters of the

biopsy materials were 2.8 ± 0.6 mm, 6.9 ± 2.3 mm,
respectively (Figure 2d).
Histopathological diagnosis was provided in
98/147 cases (66.6%). The most common diagnosis was nonspecific interstitial pneumonia (NSIP)
(n=46, 46.9%). Fourteen cases were diagnosed with
granulomatous inflammation (n=14, 14.3%), 12 were
malignancy (n=12, 12.2%), 6 with usual interstitial
pneumonia (UIP) (n=6, 6.1%), 6 with organizing
pneumonia (OP) (n=6, 6.1%), and 6 with hypersensitivity pneumonitis (HP) (n=6, 6.1%). The pathological
diagnoses and diagnostic yield are showed in Table 2.

Table 2. Histopathological and multidisciplinary diagnoses and diagnostic yield

HISTOPATHOLOGICAL DIAGNOSIS

Non-Specific Interstitial Pneumonia

n (%)
46 (46.9)

Hypersensitivity Pneumonia

6 (6.1)

Usual Interstitial Pneumonia

6 (6.1)

Organizing Pneumonia

6 (6.1)

Granulomatous Inflamation

14 (14.3)

Malignancy

12 (12.2)

Adenocarcinoma

10

Breast cancer metastas

1

Lymphoma

1

Others

a

Non-diagnostic
Diagnosis

MULTIDISCIPLANARY COUNCIL
DIAGNOSIS

DIAGNOSIS

Diagnosis

8 (8.2)
49
n (%)

Non-Specific Interstitial Pneumonia

38 (34.8)

Hypersensitivity Pneumonitis

20 (18.3)

Idiopathic pulmonary fibrosis

4 (3.7)

Sarcoid

12 (11)

Organizing Pneumonia

7 (6.4)

Malignancy

12 (12.2)

Adenocarsinoma

10

Breast cancer metastas

1

Lymphoma

1

Others

b

Non-diagnostic

15 (13.8)
38

Othersa: Alveolar microlithiasis (1), Non-spesific inflammation (1), Mosaic pattern (1), Histiocytosis X (1), Folicular bronchiolitis (1), Chronic eosinophilic pneumonia (1), Acute Lung Injury (1), Unclassifiable interstitial lung disease (1)
Othersb: Rheumatoid lung disease (1), Tuberculosis (1), Drug induced lung disease (1), Alveolar microlithiasis (1), Nonresolving pneumonia (1), Mosaic attenuation (1), Histiocytosis X (1), Follicular bronchiolitis (1), Acute interstitial pneumonia (1),
Unclassifiable interstitial lung disease (1)
SD: standard deviation
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A final diagnosis was made in 109 (74.1%)
of 147 cases evaluated by the multidisciplinary
committee. The most common diagnosis was NSIP
in 38 patients. Other diagnoses are shown in Table 2.
SLB was performed in 26 (17.6%) out of
38 patients who could not be diagnosed after
multidisciplinary evaluation, 21 patients were
diagnosed while pathological diagnosis could not be
made in 5 patients (11 UIP, 5 HP, 2 Adenocarcinoma,
1 NSIP, 1 Emphysema, 1 Anthracosis). The remaining
12 patients were patients who were not suitable for
SLB due to their general condition or who did not
accept a further examination.
Overall histopathological yield and diagnostic
yield with multidisciplinary approach were 66,6%
and 74,1%, respectively. Histopathological diagnostic yield and diagnostic yield with multidisciplinary
approach after a single biopsy was 50%, and histopathological diagnostic yield and diagnostic yield
with multidisciplinary approach increased to 71.4%
and 85.7% by a second biopsy (p = 0.034). No further increase in diagnostic yield was observed when
more than two samples were taken (Table 3).
The histopathological diagnostic yield was
61.9% when multiple biopsies were taken from a
single segment, and 69.8% with multidisciplinary
approach, while the histopathological diagnostic
yield was 72.9% when multiple biopsies were taken
from different segments of the same lobe and 81.1%
with multidisciplinary approach. There is no statistically significant difference in diagnostic yield when
biopsy is taken from single or different lobes.

Complications occurred in 77 (49.6%) of
155 patients (patients who were excluded from cryoTBB and patients who included in the study). 69
(46.9%) patients who developed complications due
to the cryo-TBB procedure included in the study.
Hemorrhage developed in 47 (31.9%) patients;
grade 1 in 28 (19%) patients, grade 2 in 19 (12.9%)
patients. Grade 3 hemorrhage was not observed in
any patient. Pneumothorax was developed in 23
(15.6%) patients after the procedure. Of those with
pneumothorax, 14 (60.9%) had a tube thoracostomy.
Respiratory failure occurred in 3 patients (2%), 2 of
these patients were discharged with a short-term
noninvasive mechanical ventilation application in
the pulmonology wards, 1 patient was admitted to an
intensive care and administered invasive mechanical
ventilation and died on the 15th day (Table 4).
When the factors affecting the development of
pneumothorax and hemorrhage were evaluated, there
was no significant difference in pneumothorax rates
between patients who underwent 1 and 2 biopsies and
those who had more than 3 biopsies (Table 3). While
pneumothorax was detected in 13.7% of patients who
underwent single-segment biopsy, and in 17.6% of
patients who underwent 2 or more segment biopsies,
but it was not statistically significant. There was no
significant difference between pneumothorax rates
in patients who underwent a biopsy from the same
and different lobes. The pneumothorax rate was 6.3%
when a biopsy was taken from the upper lobes, and
18.3% when a biopsy was taken from the lower lobes.
No statistically significant difference was found in

Table 3. Diagnostic yield according to the number of samples
Overall
diagnostic yield (%)

1-2 biopsy

(diagnostic yield)

(n=31)

3 biopsy
(diagnostic yield)
(n=116)

p value*

78 (67.2%)

0.995

86 (74.1%)

0.775

20 (64.51%)
Pathological diagnosis
Diagnosis with
Multidisciplinary
comittee

66.6

1 biopsy (n=10)
5 (50%)

2 biopsy (n=21)
15 (71.4%)

p=0.244*

23 (74.1%)
74.1

1 biopsy (n=10)
5 (50%)

*p value of the comparison between 1 and 2 biopsies
**p value of the comparison between 1-2 and ≥3 biopsies.

2 biopsy (n=21)
18 (85.7%)

p=0.034*
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Table 4. Safety outcomes and length of hospital stay (n=147)
Complications
Pneumothorax
Oxygen therapy
Tube Thoracostomy
Hemorrhage

n (%)
23/147 (total)
9 (39.1)
14 (60.9)
Grade 1: 28/147 (19)
Grade 2: 19/147 (12.9)
Grade 3: 0/147

Respiratory failure

3/147 (2.0)

Mortality within 30 days

1/147 (0.7)

Length of Hospital stay
Discharged same day
Discharged next day
1-3 days
>4 days
Hospital stay (mean days±SD)

114 (77.5)
33/147 (22.4)
15/33 (45.5)
18/33 (54.5)
4.3±2.8

terms of hemorrhage rates in biopsies taken from the
same or different lobes and biopsies taken from the
upper and lower lobes.
Discussion
Cryo-TBB is used for the diagnosis of DPLD
as an alternative to SLB at many centers. Our study
presents real-world data from patients who underwent cryo-TBB at our tertiary referral hospital with
experience in interventional bronchoscopy. We
found a sufficient histopathologic diagnostic yield
of 66.6%, and when these histopathologic diagnoses were combined with clinical and radiographic
information using a multidisciplinary approach, the
diagnostic yield reached 74.1% for specific diagnoses
in most cases. In addition, cryo-TBB was associated
with a lower pneumothorax rate and controllable
hemorrhagic complications.
Reports from various centers indicate the diagnostic yield in DPLD with cryo-TBB to range from
50% to 100% and the complication rates (e.g., pneumothorax) to range from 1% and 30% (4, 11, 12).
These varying results are probably because of the lack
of standardization in patient selection and cryo-TBB
techniques. A 2019 review assessed the literature on
cryo-TBB and furnished an evidence-based expert
panel report (14). However, the cryo-TBB technique
remains unstandardized. In our series of 147 cases,
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histopathologic diagnostic yield with cryo-TBB
was 66.6%. When these histopathologic diagnoses
were combined with a multidisciplinary approach,
the diagnostic yield was 74.1%. The most frequently
made histopathologic diagnoses and histopathologic
diagnosis rates differ among the published reports by
centers where the procedures were performed. Several studies have reported diagnostic yields between
44% and 91% (13, 15-17). This wide distribution in
histopathologic diagnosis rates could be attributed
to the different equipment used at the centers, differing experience, and the differing perspectives of
pathologists.
The higher diagnostic yield with cryo-TBB over
conventional TBB has been attributed to the larger
biopsy size (18-20). The sample size may affect the
diagnostic yield. Although the optimal sample size
for cryo-TBB materials remains unestablished in the
literature, some pathologists contend that samples of
5 mm diameter (equivalent to the size of the full area
seen with a 4X microscope objective lens) are sufficient (21). In our study, the shortest mean diameter
was 2.8 ± 0.6 mm and the longest was 6.9 ± 2.3 mm.
Wälscher et al reported the average diameter of the
biopsy sample in their study to be 5 mm (22). However, our diagnostic success rate is similar to that
in the study by Wälscher et al (22). In the study by
Ravaglia (10) that included 699 patients, the shortest
diameter was 4.6 ± 1.2 mm, and the longest diameter
was 6.3 ± 1.9 mm; the histopathologic diagnostic
yield was 87.8%. In comparison, the short diameter
in our study was smaller. We suppose that the differences in diagnostic yield could be because of the
differences in the biopsy diameter. Considering the
effect of the heterogeneity of the disease and the distribution of parenchymal pathology on the diagnosis,
usually more than 1 biopsy samples (mean number
of biopsies per patient, 3.3 ± 1) were collected in
our study. The optimal number of biopsies for cryoTBB remains undetermined in the literature. Similar
to those in the 2 studies by Ravaglia, the diagnostic
yield in our study significantly increased in patients
with 2 biopsies instead of 1 (10, 23). No significant
difference was observed in the diagnostic yield with
≥2 biopsies.
The “Transbronchial Cryobiopsy for the Diagnosis of Interstitial Lung Diseases: CHEST Guideline and Expert Panel Report” published in 2019
recommends collecting biopsy samples from at least
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2 different regions (14). We performed cryo-TBB on
different lobes in patients with radiographic interlobar heterogeneity. In patients with diffuse radiographic patterns in both the upper and lower lobes,
cryo-TBB was generally performed on different segments of the same lobe. In our study, we found that
collecting 2 biopsy samples from different parts of
the same lobe or from different lobes significantly
increased the diagnostic yield. In line with our observation, Ravaglia, in 2 distinct studies, reported that
collecting biopsy samples from 2 different locations
significantly increased diagnostic yield (8, 23).
Pneumothorax is one of the most common complications reported to be associated with cryo-TBB.
However, the incidence of pneumothorax varies significantly across publications, ranging from 1% to
30% (4, 8, 11, 18-20, 24-26). Deep sedation and jet
ventilation have been reported to increase the incidence of pneumothorax (4). In fact, in the study by
Alvarez et al, the incidence of pneumothorax on performing cryo-TBB with local anesthesia and under
conscious sedation was 4.7% (12). In our study, the
incidence of pneumothorax was 15.6%, and all procedures were performed under deep sedation by intubation with a rigid bronchoscope. The incidence of
pneumothorax could also be affected by the sample
size and technical. In fact, in the study by Ravaglia et
al. (10), the incidence of pneumothorax was higher
in case of biopsy from >1 and/or upper lobes. In our
study, while the incidence of pneumothorax due to
cryo-TBB was unaffected by the number of biopsies,
we observed that it increased in cases of biopsies performed on the lower lobes and on multiple regions.
Hemorrhage is another common complication
associated with cryo-TBB, with reported incidence
between 2.5% and 87% (8, 12, 18-20, 22, 24, 25, 27,
28). In our study, in accordance with the literature,
grade 1 and grade 2 hemorrhages occurred in 31.9%
of the patients. Hemorrhages were easily controlled
with adrenaline and cold saline in addition to the use
of the Fogarty balloon placed in the bronchus in each
patient. Six patients needed absorbable hemostat use.
None of the patients had a life-threatening bleeding
requiring transfusion, intensive care unit follow-up,
or surgical intervention. Although hemorrhage has
been reported to be more common in biopsies on the
lower lobes (10), the incidence of bleeding was not
associated with the number of samples or sampling

strategy (≥1 regions, lower or upper lobes) in our
study.
While 77.5% of our patients were discharged on
the same day, the average hospital stay among our
hospitalized patients was 4.3 ± 2.8 days. In the study
by Ravaglia et al (4), the average hospital staying
among patients who underwent SLB was 6.1 days.
In terms of hospital stay, cryo-TBB could be considered as a cost-effective method.
Studies have reported mortality rates associated with cryo-TBB to range between 0% and 4.1%
(4, 24, 33, 34). The mortality rate among our patients
was 0.7%: 3 patients needed non-invasive mechanical ventilation after the procedure, and 2 of these
patients recovered in a short time (1 exitus). However, 1 patient was taken to the intensive care unit
and invasive mechanical ventilation was needed on
the 5th day; the patient subsequently died because
of diffuse alveolar damage and respiratory failure.
In a retrospective study by Ravaglia et al, patients
who underwent cryo-TBB and SLB were compared
(0.3% vs 2.7%), and the mortality rate in the SLB
group was higher than that in our study (4). In the
study by Hutchinson that included 12,000 patients
who were examined using SLB, mortality rate was
reported to be 1.7% among elective cases, respectively. This result is higher than the mortality rates in
patients who underwent cryo-TBB in our study (35).
Our study has some limitations. First, it is a
retrospective study. Second, we could not compare
results with FOB or SBL without general anesthesia and jet ventilation. Furthermore, this study did
not include a control group, and cryo-TBB was not
compared with surgical lung biopsy in the same
population.
Conclusion
Our results show that cryo-TBB has sufficient
diagnostic success in most DPLD cases. The diagnostic yield increases with at least 2 biopsies and
biopsies from at least 2 segments. Cryo-TBB has a
higher diagnostic success, controllable complication
and lower mortality rates; it can hence be considered
as a first step in the diagnostic strategy for DPLD
in patients requiring invasive diagnosis with a multidisciplinary committee at a center with expertise in
these procedure.
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