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Objectives: We aimed to evaluate the efficacy, safety, and diagnostic utility of transbronchial

cryobiopsy (TBCB) in diagnosing diffuse parenchymal lung diseases (DPLDs) in an Egyptian

population and to identify common DPLD pathologies among them.

Methods: This prospective interventional study enrolled 25 Egyptian patients presenting to

the Main Alexandria University Hospital who had clinical and radiological features of

DPLD, but insufficient elements to achieve definite features of usual interstitial pneumonia

on chest high-resolution computed tomography. Twelve patients were subjected to TBCB

and 13 to forceps transbronchial lung biopsy (TBLB).

Results: The diagnostic yield was significantly higher among the TBCB group (83.3%), and

increased to 100% with clinicopathological correlation vs the TBLB group (38.5%,

P=0.041). Granulomatous diseases (24%, either sarcoidosis or hypersensitivity pneumonitis)

were the commonest pathology, followed by malignancy (12%) in both groups. TBCB sizes

were 2.5–5 mm vs 1-3 mm in TBLB (P<0.001), with preserved tissue architecture (91.7% vs

38.5%, respectively; P=0.011). Only 8.3% were complicated by insignificant bleeding grade

2 after TBCB, but no pneumothorax was detected.

Conclusion: TBCB is a safe, tolerable procedure with high diagnostic yield for evaluating

DPLD with indefinite usual interstitial pneumonia pattern on high-resolution computed

tomography.
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Introduction
Diffuse parenchymal lung diseases (DPLDs) are a heterogeneous group of disorders

that predominantly affect the lung parenchyma and vary widely in etiology, clin-

icoradiological presentation, histopathologic features, clinical course, and

prognosis.1,2 Among DPLDs, idiopathic pulmonary fibrosis (IPF) is the commonest

form and carries a bad prognosis.3 However, a definite usual interstitial pneumonia

(UIP) pattern is detected in only 50% of patients on high-resolution computed

tomography (HRCT), while the remaining 50% of cases require histological diag-

nosis by surgical lung biopsy (LB).4

Surgical LB is the gold method to identify UIP histologically from, other forms

of idiopathic interstitial pneumonias (IIPs) and other interstitial lung diseases

(ILDs) as granulomatous diseases affecting the lungs and ILD secondary to

known causes that can mimic IPF.3,5 However, surgical LB is associated with

potential morbidity and significant risk of mortality despite being low.6,7
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Bronchoscopy is commonly employed in the diagnostic

evaluation of DPLD, but transbronchial LB (TBLB) speci-

mens have low diagnostic yield,8 due to small specimens

and associated artifacts (especially crush artifact)9 render-

ing specimens inadequate and nondiagnostic fragments.

Cryobiopsy (CB), a new bronchoscopic biopsy method,

has recently demonstrated superior diagnostic yield to

conventional forceps biopsy,10,11 due to larger tissue speci-

mens extracted with the freeze–thaw cycle. Preliminary

data has shown that this technique is safe and the occur-

rence of pneumothorax and bleeding are comparable to

regular forceps biopsies.10,11 In the current study, we

aimed to evaluate the efficacy, safety, and diagnostic utility

of transbronchial CB (TBCB) in diagnosing DPLD other

than radiologically definite UIP in an Egyptian population.

Further, we aimed to identify common DPLD pathologies

among this population.

Methods
Design
This prospective interventional study enrolled 25 Egyptian

patients who had clinical and radiological features of

DPLD, but insufficient elements to achieve definite fea-

tures of UIP patterns on chest HRCT according to current

international consensus criteria.4 Patients were randomly

divided into two groups: one subjected to TBCB (12

patients) and the other subjected to ordinary forceps

TBLB (13 patients). The study was conducted in the

Main Alexandria University Hospital, Egypt between

December 2015 and October 2016, approved by the local

ethics committee of Alexandria University, and adhered

Declaration of Helsinki principles. All patients signed a

formal consent to undergo bronchoscopic procedures and

participate.

Population
Patients with DPLD who had features of possible UIP pat-

terns or patterns inconsistent with UIP on HRCT defined in

American Thoracic Society–European Respiratory Society–

Japanese Respiratory Society–Latin American Thoracic

Association guidelines4 were recruited. All patients were

discussed in a multidisciplinary conference (including pul-

monology, radiology, pathology, and oncology) before being

assigned to bronchoscopy and biopsy. Among eligible

patients, those with systolic pulmonary arterial pressure

(sPAP) >40 mmHg, coagulopathy (ie, platelet count

<70,000/µL, international normalized ratio ≥1.5), FEV1

<0.8 L or FVC <50% of predicted normal value, diffuse

bullous disease, hemodynamic instability, and severe hypox-

emia uncorrected by oxygen therapy were excluded from the

study. Further, all patients with UIP patterns on HRCT (ie,

subpleural- and basal-predominant, honeycombing with or

without peripheral traction bronchiectasis or

bronchiolectasis)4 were excluded from the study.

All patients in both groups were subjected to detailed

history-taking, including age, sex, smoking status, comor-

bidities, occupational and exposure history, and full clin-

ical examination. Spirometry was performed before the

procedure. Arterial blood gases were requested if indi-

cated. Echocardiography was performed for assessment

of sPAP using a modified Bernoulli equation (sPAP = 4

× tricuspid regurgitation velocity2).

Bronchoscopy
All patients were subjected to fiberoptic bronchoscopy under

conscious sedation (midazolam 3–7 mg intravenously) if

TBLB were to be taken. Bronchoalveolar lavage (BAL)

was collected from all patients. Briefly, 100 mL sterile saline

as 5×20 aliquots was injected through the working channel in

the selected affected segment, then aspirated and put in sterile

containers for culture, sensitivity, differential cell count, and

cytology.12 TBLBs had been taken from selected segments

previously chosen according to HRCT results. Four to six

biopsies were taken and fixed in formaldehyde for histo-

pathological evaluation. During bronchoscopy, all patients

were fully monitored for oxygen saturation (SaO2), electro-

cardiography, and blood pressure. Oxygen therapy was given

during the procedure in order to keep SaO2 ≥92%.

Transbronchial cryobiopsy
TBCBs were performed under general anesthesia.

Bronchoscopy was introduced through a Portex cuffed

endotracheal tube, which allows rapid reentry into the

airway after the biopsy. A flexible cryoprobe with a dia-

meter of 2.4 mm was used (ERBE, Tübingen, Germany).

The cryoprobe was introduced into the selected area pre-

viously chosen according to HRCT with approximately

2 cm from the thoracic wall under radiological guidance

using real-time fluoroscopy (mobile C-arm; Siemens,

Munich, Germany). The cryoprobe was cooled to a tem-

perature of about –77 °C in its position using carbon

dioxide (Erbokryo CA; ERBE, Tübingen, Germany) for

6 seconds, then retracted with frozen lung tissue attached.

Both probe and bronchoscope were removed en bloc from

the airway.13 Extended probes and frozen specimens were
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submerged in room-temperature saline, then the broncho-

scope was reintroduced into the airway to clear bleeding

by wedging into the biopsied subsegment for 3 minutes. A

Fogarty catheter was used to control bleeding when it

occurred. Two to four biopsies were taken for histopatho-

logical evaluation. All patients were followed up for 24

hours after the procedure as plain chest X-rays were

obtained.

Histopathological evaluation
All biopsies collected were fixed in 4% buffered formalin.

For each case, 5 μm–thick sections were obtained from

formalin-fixed paraffin-embedded blocks. These sections

were examined under light microscopy after staining using

H&E. Slides were examined using different magnifications

for various histopathological features, including size and

adequacy of specimen, presence of emphysema, atelecta-

sis, interstitial, and intra-alveolar inflammatory infiltrates,

interstitial fibrosis and distribution, bronchiolar epithelial

lining, and inflammation.

Cytopathology of BAL
Samples were centrifuged at 600 xg, the supernatant

discarded, and cell pellets smeared on glass slides.

Slides were immediately immersed in 95% ethanol for

fixation, then stained using H&E. All samples were

examined under light microscopy to assess sample

adequacy, the nature of the cell population, and

configuration.

Data analysis
Qualitative data are described using numbers and percen-

tages, while quantitative data are described using means ±

SD or range and medians according to the normality of

distribution of the data. Fisher’s exact, χ2, MonteCarlo

correction, Student's t, and Mann-Whitney tests were used

as appropriate. SPSS version 20.0 (IBM, Armonk, NY,

USA) was used for all statistical analysis. Significance of

the obtained results was judged at the 5% level (ie, P<0.05

was considered significant and P>0.05 nonsignificant).

Results
Table 1 shows the baseline characteristics of all patients.

Twelve patients underwent TBCB, while 13 were subjected

to TBLB. In both groups, females predominated (>65%),

with mean age of 45.58±9.21 and 41.54±15.19 years, respec-

tively, with no statistically significant difference. The major-

ity of patients (69.2% and 75% of TBLB and TBCB groups,

respectively) showed restrictive patterns on spirometry with-

out significant differences when FVC, FEV1, and FEV1/FVC

were compared. Median SaO2 in room air was 97% (87%–

97%) and 95% (86%–97%) in the TBLB and TBCB groups,

respectively, with a statistically significant difference

(P=0.009, Table 1). All patients in both groups presented

with exertional dyspnea and dry or productive cough. Five

patients (20%) had fever, while three (12%) had chest pain.

The median duration of symptoms was 60 days in the TBLB

group vs 120 days in the TBCB group, with no statistically

significant difference (P=0.054).

HRCT findings
Table 2 shows the radiological findings seen on HRCT.

Ground-glass opacity and interstitial thickening were the

most commonly seen abnormalities in both groups, fol-

lowed by consolidation and nodules, with no statistically

significant difference. Mediastinal/hilar lymphadenopathy

was not uncommon in the TBCB group and significantly

higher (P=0.028). Mediastinal/hilar lymphadenopathy was

seen in cases of sarcoidosis, malignancy, nonspecific inter-

stitial pneumonia (NSIP), and hypersensitivity pneumoni-

tis. However, only two of eight patients had significant

lymph nodes >1 cm, sampled with conventional transbron-

chial needle aspiration, and were not diagnostic.

Bronchoalveolar lavage
Table 3 shows predominant cellular components of BAL

collected and its correlations with the final diagnosis. BAL

in cases of ILD secondary to connective disease and

hypersensitivity pneumonitis was mainly lymphocytic,

while BAL of follicular bronchiolitis and cryptogenic

organizing pneumonia was predominantly neutrophilic

(Table 3). BAL results were mainly neutrophilic in cases

with an indefinite diagnosis in the TBLB group.

TBLB and TBCB
The size of biopsies was 1–3 mm with a mean of 1.46

±0.66 mm for TBLBs vs 2.5–5 mm, with a mean of 3.88

±1.19 mm for TBCBs (P<0.001). Also, adequate well-

preserved tissue architecture of TBCBs was seen in eleven

patients (91.7%) vs only five (38.5%) in the TBLB group

(P=0.011). There was a statistically significant difference

between the groups regarding for final diagnosis, whereas

ten patients (83.3%) had definite diagnoses in the TBCB

group vs five (38.5%) in the TBLB group (P=0.041).

In the TBLB group, noncaseating granuloma, mostly

sarcoidosis, was commonest (15.4%, Table 3 and Figure 1),
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with 7.7% showing nonspecific patterns of ILD considered

secondary to connectivetissue disease (systemic sclerosis)

based on clinical history and HRCT pattern improving the

diagnostic yield of TBLB to 46.2%. In the TBCB group,

hypersensitivity pneumonitis was the commonest diagnosis

(25%) followed by malignancy (16.7%), metastatic muci-

nous carcinoma from the ovary or pulmonary adenocarci-

noma (Table 3 and Figure 2). However, a specific diagnosis

could not be reached in two patients (16.7%), as the biopsy

showed only interstitial fibrosis. They were referred to as

ILD secondary to connectivetissue disease (rheumatoid

arthritis) and ILD secondary to occupational exposure,

based on clinical and radiological data.

Safety
We did not encounter any complications after TBLB, and

only one patient (8.3%) had mild bleeding after TBCB that

was controlled intraoperatively with segmental blockage

using the Fogarty catheter. There were no detected cases of

pneumothorax immediately or 24 hours after any of the

procedures. There was no statistically significant differ-

ence between the groups on occurrence of postprocedure

complications (P=0.480).

Discussion
The study found a high diagnostic yield of TBCB (83.3%) in

diagnosing DPLD other than UIP patterns on HRCT in an

Egyptian population and confirmed the safety of this proce-

dure (only 8.3% had complications in the form of mild

controllable bleeding). Further, this study highlights the

value of multidisciplinary approach in diagnosing cases

with indefinite histopathological features, which improved

the diagnostic yield of TBCB to 100%.

Table 1 Baseline characteristics of patients studied

Parameter TBLB (n=13) TBCB (n=12) P-value

Age (years), mean ± SD 41.54±15.19 45.58±9.21 0.434

Sex, male/female 4 (30.8)/9 (69.2) 4 (33.3)/8 (66.7) 1

Smoking history

Nonsmoker/smoker/ex-smoker, n (%) 11 (84.6)/1 (7.7)/1 (7.7) 9 (75)/0/3 (25) 0.456

Smoking index (pack-years), median (range) 16.25 (2.5–30) 20 (2.5−25) 0.767

Exposure

Silica/others,# n (%) 1 (7.7)/2 (15.4) 1 (8.3)/1 (8.3) 1

Comorbidities 1

Old TB, n (%) 1 (7.7) 0

Hepatitis C virus, n (%) 0 1 (8.3)

CTD, n (%) 1 (7.7) 2 (16.7)

Bronchial asthma, n (%) 2 (15.4) 1 (8.3)

Oral corticosteroids,$ n (%) 1 (7.7) 4 (33.4) 0.448

Spirometry

FEV1/FVC, mean ± SD 85.51±2.63 79.32±11.17 0.394

FVC (L), median (range) 1.4 (1.10–1.66) 2.4 (0.6–5.6) 0.210

FEV1 (L), median (range) 1.37 (1.03–1.40) 2.3 (1–4.65) 0.210

SaO2 (%) on RA, median (range) 97 (87–97) 95 (86–97) 0.009*

SaO2 (%) after O2,
& median (range) 91 92.5 (92–93) NA

Notes: #Insecticides or poultry exposure; $started before biopsy taken; &for hypoxic cases. *Statistically significant at P ≤0.05.
Abbreviations: TBLB, transbronchial lung biopsy; TBCB, transbronchial cryobiopsy; TB, tuberculosis; CTD, connective tissue disease (systemic sclerosis or rheumatoid

arthritis); SaO2, oxygen saturation; RA, room air; NA, not assessed.

Table 2 Radiological findings on HRCT in both groups

HRCT pattern TBLB (n=13) TBCB (n=12) P-value

GGO 8 (61.5) 6 (50) 0.561

Mosaic attenuation 0 1 (8.3) 0.480

Nodules 6 (46.2) 6 (50) 0.848

Interstitial thickening 10 (76.9) 9 (75) 1

Consolidation 4 (30.8) 6 (50) 0.428

LNs 3 (23.1) 8 (66.7) 0.028*

Cavity 1 (7.7) 0 1

Note: *Statistically significant at P≤0.05.
Abbreviations: TBLB, transbronchial lung biopsy; TBCB, transbronchial cryo-

biopsy; GGO, ground-glass opacity; LNs, lymph nodes.
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Previous studies and interpretation of

results
Kropski et al13 and Bondue et al14 studied the validity of

TBCB for evaluation of DPLD, and found that the overall

diagnostic yield was 80%. Pajares et al10 conducted a rando-

mized clinical trial that compared conventional forceps vs

cryoprobe transbronchial biopsy, and reported a higher diag-

nostic yield in the TBCB group vs conventional forceps TBLB

(51.3% vs 29.1%, respectively). Fruchter et al15 reported that

definite and probable clinicopathological consensus diagnosis

was possible in 70% and 28% of patients, respectively, while a

diagnosis could not be established in only 2% of patients. The

current results are in agreement with these studies. The sig-

nificant difference in the diagnostic yield between TBCB and

forceps TBLB in the current study and other studies can be

explained mainly by two factors: biopsy size15,16 and crush

artifacts caused by regular forceps.9

Based on the multidisciplinary ie, clinicopathological

radiological review, two cases (16.7%) in the TBCB group

were referred to as connective tissue–associated ILD and

ILD secondary to occupational exposure, as the patholo-

gist could not specify the subtype of the ILD. This in turn

improved the diagnostic yield of TBCB from 83.3% to

100%. Further, on multidisciplinary review, the diagnostic

yield of TBLB increased from 38.5% to 46.2% with the

addition of the case of systemic sclerosis–associated ILD.

A multidisciplinary approach is widely recommended in

the latest guidelines to reach final diagnosis.4,17

El-Hoffy et al18 found granulomatous diseases were com-

mon in their Egyptian cohort (32% of studied cases), being the

second-commonest diagnosis after IIPs (46%). Further,

Bondue et al14 reported a high percentage of granulomatous

diseases in a Belgian population (34%) and NSIP (20%).

These results are in agreement with ours, as granulomatous

diseases were the commonest pathology seen. However,

malignancy was the second-commonest diagnosis, followed

by cryptogenic organizing pneumonia and NISP. On the con-

trary, Kropski et al13 found UIP/IPF to be the commonest

Table 3 Final diagnosis and predominant cellular BAL findings in each

Definite diagnosis TBLB (n=13) TBCB (n=12) Predominant cells in BAL

ILD due to CTD$ 1 (7.7) 1 (8.3) Lymphocytic

ILD due to occupation$ 0 1 (8.3) Neutrophilic and lymphocytic equally

Cellular NSIP 0 1 (8.3) Lymphocytic predominant and scattered neutrophils

Fibrotic NSIP 0 1 (8.3) Neutrophilic and lymphocytic equally

Follicular bronchiolitis 0 1 (8.3) Neutrophilic

Hypersensitivity pneumonitis 0 3 (25) Lymphocytic mainly

Noncaseating granuloma (sarcoidosis) 2 (15.4) 1 (8.3) Neutrophilic and lymphocytic equally

COP 1 (7.7) 1 (8.3) Neutrophilic

PAP 1 (7.7) 0 Eosinophilic mainly and scattered neutrophils

Malignancy# 1 (7.7) 2 (16.7) Positive malignant cells (according to underlying tumour)

Indefinite diagnosis 7 (53.8) 0 Mainly neutrophilic

Notes: $Based on clinicoradiological and pathological findings; #malignancy including either adenocarcinoma or lymphangitis carcinomatosis.

Abbreviations: TBLB, transbronchial lung biopsy; TBCB, transbronchial cryobiopsy; PAP, pulmonary alveolar proteiniosis; COP, cryptogenic organizing pneumonia; NSIP,

nonspecific interstitial pneumonia; BAL, bronchoalveolar lavage; ILD, interstitial lung disease; CTD, connective tissue disease (systemic sclerosis or rheumatoid arthritis).

Figure 1 Histopathological examples of those with proved diagnosis in forceps

transbronchial lung biopsy group.

Notes: (A) Noncaseating granuloma composed of epithelioid cells and multinu-

cleated giant cells (H&E, 100×); (B) lymphangitis carcinomatosis, with submucosal

edema, mononuclear inflammatory infiltration, tiny clusters of epithelial malignant

tumor cells within dilated spaces (lymphatic), and vessels denoting lymphatic tumor

emboli (H&E, 40×); (C, D) pulmonary alveolar proteiniosis showing alveolar exu-

dates with an eosinophilic granular appearance, scattered larger inclusions with

more intense eosin staining, and slight retraction effect at the periphery of the

alveoli (H&E [C], positive periodic acid–Schiff [D], 100×).
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diagnosis among their patients. This difference could be attrib-

uted to exclusion of UIP/IPF from the current study based on

HRCT findings, as recommended, due to high sensitivity of

HRCT in diagnosing definite UIP/IPF.4 Further, the currently

studied population were younger and the majority female,

rather than old men denoting a different studied population.

Regarding BAL differential cell count, the current study

findings were in accordance with Jara-Palomares et al19 and

Efared et al,20 who found that mixed alveolitis was the

commonest pattern in ILD, but lymphocytic alveolitis was

common in sarcoidosis and extrinsic allergic alveolitis.

Accordingly, BAL is helpful in diagnosing DPLD, and

must be always associated with other diagnostic methods;

however, LB is still needed to confirm the diagnosis in many

circumstances.20,21

Clinical implications
Obtaining an LB using a cryoprobe has the potential to change

practice dramatically in the evaluation of patients with DPLD

with atypical imaging findings. Tomassetti et al22 found that

bronchoscopic LB had diagnostic yield of 91% versus 98% for

surgical LB, and recommended that future guidelines should

implement CB in the diagnostic algorithm of ILD. Further,

TBLB could be still useful if sarcoidosis, infection, pulmonary

alveolar proteiniosis, and lymphangitis carcinomatosis are

suspected.23 This improved diagnostic yield could be due to

centrilobular accentuation with involvement of terminal and

respiratory bronchiole (as in respiratory bronchiolitis, infec-

tion and organizing pneumonia) or distributed along the lym-

phatic route (as in sarcoidosis and lymphangitis

carcinomatosis).24–26 Further, TBCB can be considered a

safe procedure, whereas in the current study mild bleeding

occurred in 8.3%, but no pneumothorax. These complications

were less common than reported in other studies.10,13–15,27

This could be attributed to negative pulmonary hypertension,

which is the most important factor predispose to bleeding

during CB,28 avoiding biopsy from the central lung zone28

and avoiding closeness to the chest wall.

Limitations
The current study had some limitations. Firstly, the sample

was relatively small. Secondly, all patients with CBs had to

be under general anesthesia and endotracheally intubated.

Other research has been conducted with sedation without

Figure 2 Histopathological examples of those with proved diagnosis in transbronchial cryobiopsy group.

Notes: (A) Mucinous carcinoma showing glands lined with tall columnar mucus secretory cells with abundant mucin-containing cytoplasm and mucin pools with floating

malignant cells (H&E, 40×). (B) cellular nonspecific interstitial pneumonia, with alveolar wall heavily infiltrated with plasma cells, lymphocytes, histocytes, and minimal fibrosis

(H&E, 400×); (C) poorly formed granuloma (hypersensitivity pneumonitis) composed of lymphocytes, histocytes, neutrophils, and plasma cells (H&E, 40×); (D) noncaseating

granuloma (sarcoidosis) composed of epithelioid cells and multinucleated giant cells (H&E, 100×).
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intubation,15 with a diagnostic yield of 70%. However, this is

against the recently published international guidelines22 that

were followed in the current study. Further, intubation

ensured rapid reintroduction of bronchoscope after biopsies

and allowed better control of postprocedure bleeding.

Conclusion
TBCB had a good diagnostic yield (83%) that increased to

100% when applying a multidisciplinary approach. Further,

TBCBwas associatedwith high safety and tolerability, and it is

possible to be applied in low-resource areas with experienced

hands. TBLB is still associated with good diagnostic yield in

cases of sarcoidosis and lymphangitis carcinomatosis.
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