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Abstract

Introduction: Diagnosis of interstitial lung disease (ILD) is based on multidisciplinary 

team discussion (MDD) with incorporation of clinical, radiographical, and histopathological 

information if available. We aim to evaluate the diagnostic yield and safety outcomes of 

transbronchial lung cryobiopsy (TBLC) in the diagnosis of ILD.

Methodology and study design: We conducted a meta-analysis by comprehensive literature 

search to include all studies that evaluated the diagnostic yields and/or adverse events with TBLC 

in patients with ILD. We calculated the pooled event rates and their 95% confidence intervals (CI) 

for the diagnostic yield by MDD, histopathological diagnostic yield, and various clinical adverse 

events.

Results: We included 68 articles (44 full texts and 24 abstracts) totaling 6,386 patients with a 

mean age of 60.7±14.1 years and 56% men. The overall diagnostic yield of TBLC to achieve 

a definite or high-confidence diagnosis based on MDD was 82.3% (95% CI 78.9–85.2) and 

histopathological diagnosis of 72.5% (95% CI 67.7–76.9). The overall rate of pneumothorax was 

9.6% (95% CI 7.9–11), while the rate of pneumothorax requiring drainage by a thoracostomy tube 

was 5.3% (95% CI 4.1–6.9%). The rate of moderate bleeding was 11.7% (95% CI 9.1–14.9%) 

while the rate of severe bleeding was 1.9% (95% CI 1.4%−2.6%). The risk of mortality attributed 

to the procedure was 0.9% (95% CI 0.7–1.3%)

Conclusion: Among patients with undiagnosed or unclassified ILD requiring tissue biopsy for 

diagnosis, transbronchial cryobiopsy represents a reliable alternative to surgical lung biopsy with 

decreased incidence of various clinical adverse events.
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Introduction

Interstitial lung disease (ILD) represents a heterogenous spectrum of diseases that is 

characterized by inflammatory and fibrotic changes of the lung. The specific diagnosis 

is made in multidisciplinary team discussion (MDD) with incorporation of clinical, 

radiographical, and histopathological data before establishing a final diagnosis. In 

approximately 30% of patients, lung biopsy is needed to reach a final diagnosis 1,2,3.

Surgical lung biopsy (SLB) is considered the gold standard method for obtaining lung 

tissue for diagnosis in patients with ILD. However, it is associated with risks of 

infection, prolonged air leak, prolonged hospital stay, and mortality 4,5. On the other hand, 

transbronchial forceps biopsy (TBFB) is often non-diagnostic given the small biopsy size 

which is usually insufficient for detailed pathological evaluation 6,7.

Transbronchial lung cryobiopsy (TBLC) has emerged as a new tool to obtain lung biopsy 

for the diagnosis of ILD. In a recent study, TBLC was concordant with SLB in achieving a 

final definite or high-confidence MDD diagnosis 2. However, another study has shown poor 

concordance between both approaches 8. Previous meta-analyses reported a diagnostic yield 

of TBLC of around 80% 9–11. Nevertheless, the reported diagnostic yield varies significantly 

among published studies ranging between 50–90%. As the use of cryobiopsy has been 

more common, additional studies have been published with larger patient populations, 

especially in those with multiple comorbidities who are at an increased risk of perioperative 

complications with SLB.

We aimed to perform a comprehensive literature search and meta-analysis with meta-

regression analyses to evaluate the efficacy and safety of the TBLC in ILD patients and 

to determine whether specific factors are associated with an increased diagnostic yield of 

this procedure.

Methodology

Study design and study selection

Our study is a systematic review and meta-analysis performed according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) 2015 

Statement 12. We performed a comprehensive literature search utilizing major electronic 

databases, PubMed and Embase, from inception until May 1st, 2021. Articles were first 

screened by titles and abstracts; then full text of eligible articles were reviewed before 

final inclusion or exclusion based on predefined criteria. In addition, references of relevant 

articles and manual web search was also performed. Literature search was conducted 

separately and independently by two reviewers (Y.Z and M.B.). Any discrepancy was solved 

by a consensus with a third reviewer (H.M.). The study was registered at the National 
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Institute of Health Research, International Prospective Register of Systematic reviews 

(PROSPERO; CRD42021251444).

Inclusion and exclusion criteria

We included all studies that evaluated the diagnostic yield and/or safety of TBLC in the 

evaluation of ILD as a single arm or with a comparator arm. Case series, retrospective, 

and prospective studies, as well as randomized controlled trials (RCTs) were considered 

for inclusion. We excluded studies that evaluated patients with acute hypoxemic respiratory 

failure in the intensive care unit, lung transplant patients, or those with lung nodules or 

malignancy. In order to avoid duplication of the patient population, we only included one 

study from each center if there was an overlap in the timeline from which patients were 

enrolled or retrospectively reviewed. Either the last published study or the study with the 

largest patient population was included. Case reports and review papers were excluded.

Outcome definitions

We aimed to determine the pooled efficacy and safety of TBLC. Efficacy outcomes included 

the diagnostic yield of cryobiospy based on MDD or histopathological diagnosis. An 

MDD diagnosis is defined as a diagnosis of a specific ILD that was established based on 

combining clinical, radiographical data, and tissue pathology obtained from cryobiopsy to 

establish a definite or confident (≥90%) or provisional diagnosis with high confidence (70–

89%) without need for repeat biopsy based on the most recent guideline recommendations 
3. Pathological diagnosis is defined as a specific histopathological pattern that is sufficient 

to make a clinical diagnosis in concordance with clinical and radiographical data. We also 

assessed the rate of performing surgical lung biopsy in undiagnosed patients.

Safety outcomes included occurrences of pneumothorax, pneumothorax that required 

drainage with thoracostomy tube, moderate bleeding (defined as a bronchial bleeding that 

did not resolve with endoscopic aspiration and needed further intervention like installation 

of epinephrine or cold saline, bronchial occlusion, or other interventions but the procedure 

was completed and not terminated), severe bleeding (defined as a bleeding thar required 

upgrade of level of care, hemodynamic instability, blood transfusion, or surgical intervention 

for control of bleeding), and mortality that was attributed secondary to the cryobiospy 

procedure

Data extraction

In addition to the extraction of the predefined outcomes, we extracted baseline patient 

characteristics including age, sex, smoking status, forced vital capacity percentage of 

predicted (FVC%), and diffusion capacity of carbon monoxide percentage of predicted 

(DLCO%). Specific study characteristics were also extracted and included: number of 

patients, type of study and if a comparator arm existed, study year, the study center, country 

of each study, specific procedure technique, number of biopsies, size of the biopsy, the 

number of segments biopsied, number of lobes biopsied.
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Quality Assessment

We evaluated the quality of included studies based on the Quality assessment, Data 

Abstraction and Synthesis-2 (QUADAS-2) tool with assessment of four main domains 

including patient selection, index test, reference standard, and flow and timing using 

signaling questions to determine the risk of bias to be low, high, or unclear. As well, 

we assessed for applicability by evaluating patient selection, index test, and reference 

standard.13 Two reviewers independently performed the quality assessment separately and 

independently (Y.Z., M.B.)

Statistical analysis

We calculated the pooled diagnostic yields and events rates and their corresponding 95% 

confidence intervals (CI) using the random effects model. We used the Cochrane test for 

assessing heterogeneity with I2 <25%, 25–50%, and >50% represent low, moderate, and 

high heterogeneity, respectively. To further examine the source of heterogeneity and if there 

are specific factors that might affect the diagnostic yields or safety outcomes, we performed 

meta regression analyses based on study level covariates. These included prospective vs 

retrospective studies, full text articles vs abstracts, the type of bronchoscopy (flexible, rigid, 

or two scopes techniques), size of the probe (1.9 mm, 2.4 mm, or studies that used different 

size among different patients), number of lobes (1, >1, or variable between patients in the 

same study), number of segments (1, >1, or variable between patients in the same study), 

number of biopsies, the diameter of the biopsy specimen, baseline FVC% of predicted, 

and baseline DLCO% of predicted. We used Comprehensive Meta-analysis software V3 for 

analysis.

Results

After reviewing 1,003 studies, 68 studies (44 full texts 
2,14,23–32,15,33–42,16,43–52,17,53–56,18–22 and 24 abstracts57,58,67–76,59,77–80,60–66) met our 

inclusion criteria and were included in the final analysis with a total of 6,386 patients. 

The mean age of the group was 60.7±14.1 years and 56% were male. All studies 

included patients with ILD with no definite or confident diagnosis based on clinical and 

radiographical data and a tissue biopsy was needed to aid in the diagnosis. Figure 1 shows 

the flow diagram of the search process. Publication bias was assessed by visual inspection 

of the funnel plot which suggests low risk of publication bias (Figure 2). Supplementary 

Table 1 and Table 2 describe the characteristics of included studies while the baseline 

characteristics of included patients are shown in Supplementary Table 3.

Most of the included studies were retrospective or prospective single arm cohort studies. 

Four cohort studies compared TBLC to TBFB and two studies, one cohort and one 

randomized trial, compared SLB to TBLC. Most studies were performed under general 

anesthesia using a flexible bronchoscope. Prophylactic use of endobronchial blockers to 

prevent bleeding was used more commonly in studies in the last few years in comparison to 

older studies. Although most of the included studies have low risk of bias in patient selection 

and index test domain, almost all the studies lack the comparison to a SLB as reference test 
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which makes these studies at a moderate to high risk of bias. The quality assessment for 

each study is detailed in Supplementary Table 4.

Diagnostic Yield

The overall diagnostic yield of TBLC to achieve a definite or high-confident diagnosis 

based on MDD, combining clinical, radiographical, and histopathological examination of the 

cryobiopsy, was 82.3% (95% CI 78.9–85.2%; I2=85%; 53 studies; 4,744 patients) (Figure 

3). The overall diagnostic yield to achieve a histopathological diagnosis with TBLC was 

72.5% (95% CI 67.7–76.9%; I2=88%; 3,750 patients; 38 studies) (Supplementary Figure 1).

Based on meta-regression analysis, there was a higher diagnostic yield by MDD in patients 

with higher FVC (P=0.005). However, this association was not found for histopathological 

diagnostic yield (Supplementary Figure 2). There was no significant effect on the diagnostic 

yield by other study-level covariates including prospective vs retrospective studies, full 

text articles vs abstracts, sample size, bronchoscopy type, probe size, number of lobes or 

segments biopsied, number of biopsies obtained, size of the biopsy, and baseline percent 

predicted DLCO.

Safety outcomes

The overall rate of pneumothorax was 9.6% (95% CI 7.9–11.7; I2= 81%; 61 studies; 

6,123 patients) (Figure 4). The overall rate of pneumothorax requiring drainage by a 

thoracostomy tube was 5.3% (95% CI 4.1–6.9%, I2=72%; 47 studies; 4673 patients) 

(Supplementary Figure 3). Based on meta regression analysis, there was an increased risk of 

developing pneumothorax with higher number of biopsies (P=0.043; Supplementary Figure 

4). This association remained consistent for pneumothorax requiring chest tube placement. 

Unfortunately, we were not able to detect an exact cut off number where the risk of 

pneumothorax increased because the data were reported as a continuous variable. There was 

also a trend toward an increased risk of developing pneumothorax in patients with lower 

percent predicted DLCO, however this difference did not reach a statistical significance 

(P=0.051).

The overall rate of moderate bleeding was 11.7% (95% CI 9.1–14.9%, I2=86%, 47 studies; 

4360 patients) (Supplementary Figure 5), while the rate of severe bleeding was 1.9% (95% 

CI 1.4%−2.6%, I2=33%; 49 studies; 4,477 patients) (Figure 5). There was an increased 

risk of moderate bleeding in patients who underwent biopsies from more than one segment 

(P=0.042; Supplementary Figure 6). There were no other significant differences based on 

other study-level covariates including the use of endobronchial blockers as prophylaxis to 

prevent bleeding.

Regarding the mortality attributed to the procedure, the risk of death was 0.9% (95% 

CI 0.7–1.3%; I2 =0%, 49 studies; 5,144 patients) (Supplementary Figure 7). The most 

common cause of death was respiratory failure and acute exacerbation of ILD (9 patients). 

Other reported causes included thrombotic neoplastic microangiopathy/carcinomatous 

lymphangitis, massive pulmonary embolism, and pneumothorax leading to respiratory 

failure and mechanical ventilation. No deaths were attributed to severe bleeding. In the 

total patient population, the rate of undergoing surgical lung biopsy for further evaluation 
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for unclassified disease was 7.6% (95% CI 5.5–10.5%; I2=71%; 22 studies; 2,170 patients) 

(Supplementary Figure 8).

Discussion

In our pooled analysis that involved more than 6300 patients with ILD who needed a 

tissue biopsy for final diagnosis, TBLC has a diagnostic yield for MDD diagnosis or 

histopathological diagnosis of 82.3% and 72.5%, respectively with 7.6% requiring surgical 

lung biopsy for further classification of unclassified or undiagnosed disease. The rates of 

complications were low, with the risk of pneumothorax 9.6%, moderate bleeding 11.7%, 

and severe bleeding 1.9%. Importantly, the rate of mortality attributed to the procedure was 

much lower (0.9%) compared to surgical lung biopsy (2.4%) 4.

These findings are similar to the previous meta-analyses that showed a similar diagnostic 

yield 10,11. However, our meta-analysis has included the more recently published studies 

with a larger patient population to include a total of 68 full articles and abstracts and more 

than 6,300 patients. We included abstracts in our study to avoid publication bias as larger 

studies from larger academic centers are more likely to be published than smaller studies. 

Furthermore, we were able to conduct a meta-regression analysis based on several study 

level covariates to determine if that will affect the overall diagnostic yield or various safety 

outcomes.

In our meta-regression analyses based on variable study-level covariates, patients with 

higher FVC were more likely to obtain MDD diagnosis. While this finding needs to be 

verified further, the reason for this association is not obvious. Some potential explanations 

could be that more sufficient tissue could be obtained given that they could tolerate the 

procedure better. Another possible explanation could be that they potentially had less 

fibrosis and more active disease leading to a more definitive diagnosis on tissue samples 

obtained. Our meta-regression analysis also found that there was an increased risk of 

developing pneumothorax with higher number of biopsies. In addition, there was an 

increased risk of developing moderate bleeding when more than one segment is biopsied.

There is a significant difference between the different techniques used in obtaining 

cryobiopsy which might be reflected in the variable diagnostic yield of 50–90% among 

the included studies. These differences in techniques and equipment including the size of 

the probe, among other variables, can potentially affect the size and the quality of the 

obtained tissue that allow for a sufficient histopathological examination of microscopic 

features that will assist in obtaining a final confident diagnosis. Although the optimum size 

of the cryobiopsy is yet to be determined, a biopsy size of 5 × 5 mm is considered sufficient 

for diagnosis in majority of cases. Our analysis did not find significant difference in the 

diagnostic yield based on the size of the probe, number of biopsies, number of segments or 

lobes biopsied, or the type of bronchoscopy. Furthermore, the diameter of the biopsy piece 

obtained did not change the diagnostic yield in our study. Notably, only 20 out of 68 studies 

reported tissue sample size which might affect our conclusion and most of these studies 

obtained a biopsy with a diameter more than 5mm.
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SLB is the gold standard to obtain a tissue for diagnostic purposes with a reported pooled 

diagnostic yield of 92% in one meta-analysis. However, it is associated with increased risk 

of mortality and adverse outcomes 11. Furthermore, its role in assisting in the diagnosis of 

undiagnosed or unclassified disease after TBLC remains unclear. In a recent study among 

patients who had unclassified disease after TBLC, SLB only reclassified 23% of patients 2. 

Similarly, in another study performing SLB after non-diagnostic TBLC, histopathological 

diagnosis was changed in three out of twelve patients while the histopathological pattern 

remained unchanged and confirmed the diagnosis in five patient, and four patients out 

of the twelve continued to have unclassified disease 36. This raises a concern that SLB 

may predispose patients to more complications without aiding in diagnosis for majority 

of patients who have unclassified disease after TBLC. Two recent prospective studies 

have conducted a direct comparison between SLB and TBLC. The first study conducted 

sequential TBLC and SLB, but the concordance rate to obtain a final MDD diagnosis was 

only 38% 8. Few factors limit the interpretation of these findings as the interobserver 

level of agreement between the two pathologists was very low (57%) and the level 

of agreement between pathological diagnosis after SLB and MDD was 62% which is 

considered very low for a gold- standard method. However, this was not significantly 

different from the agreement between TBLC and MDD (48%). Furthermore, the SLB and 

TBLC were discussed simultaneously which could have introduced bias 8,81. More recently 

the COLDICE trial (Cryobiopsy versus Open Lung Biopsy in the Diagnosis of Interstitial 

Lung Disease) has shown 76.9% agreement to establish a diagnosis by MDD between SLB 

and TBLC, which demonstrates that TBLC is a reliable alternative for the gold standard 

method 2.

Our meta-analysis of all available literature to date on TBLC draws conclusions which for 

the most part are in concordance with the most recent American College of Chest Physicians 

(ACCP) guidelines on transbronchial cryobiopsy for diagnosis of ILD except that our study 

demonstrates that biopsy of more than one segment does not increase diagnostic yield, a 

finding that is limited by the fact that only two studies performed biopsies from single 

segments while all other studies performed biopsies from multiple segments. In addition, 

there may be a limited role of SLB after a non-diagnostic TBLC 82.

In light of this information from our analysis, efforts should be directed from reporting 

a diagnostic yield and safety outcomes, into performing more controlled randomized 

controlled trials to compare clinical outcomes between different techniques and to 

determine those more tolerated by the patients and associated with higher diagnostic 

yields. Furthermore, studies should also compare the long-term outcomes between patients 

undergoing TBLC and SLB to determine the accuracy of the labeled diagnosis by assessing 

response to therapy, or if the diagnosis will change based on more clinical information that 

can appear as the disease manifests itself more with time.

Limitations

Our study has several limitations. First, we included studies of different designs and 

techniques in performing the procedure as well as different definitions of the severity of 

bleeding. Second, our subgroup and meta-regression analyses were limited by the high 
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heterogeneity of the procedure among different studies and the low number of studies 

provided data about each variable. Third, most studies were largely confined to a relatively 

small, but increasing, number of specialized centers with established experience, which 

may limit their external validity with variable levels of experience of the pathologist 

and the bronchoscopist. Fourth, we were not able to examine the performance of TBLC 

based on the type of ILD (nonspecific interstitial pneumonia, idiopathic pulmonary fibrosis, 

hypersensitivity pneumonitis, etc.) due to lack of information from the included studies. 

Fifth, in most of the studies, patients did not undergo the gold standard test to assess 

the accuracy of the diagnostic yield of TBLC. Lastly, we were not able to perform a 

direct comparison between SLB and TBLC because of the limited number of studies that 

conducted head-to-head comparison with different designs among those studies.

Conclusion

Among patients with ILD who needed a biopsy for diagnosis, TBLC yielded an MDD and 

histopathological diagnosis in 82% and 72% respectively. The incidence of complications is 

relatively low. TBLC represents a safe and reliable alternative to surgical lung biopsy in the 

diagnosis of ILD. Further studies are needed to determine the most appropriate technique 

that may provide an accurate diagnostic yield with lowest incidence of adverse events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations

ILD interstitial lung disease

TBFB transbronchial forceps biopsy

TBLC transbronchial lung cryobiopsy

SLB surgical lung biopsy

MDD multidisciplinary discussion

RCTs randomized control trials

DLCO% and diffusion capacity of carbon monoxide percentage of predicted

FVC% forced vital capacity percent of predicted
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Figure 1: 
Flow chart of literature search and study selection
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Figure 2: 
Funnel plot for publication bias showed low risk for publication bias
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Figure 3: 
Forest plot of diagnostic yield by multidisciplinary team discussion (MDD)
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Figure 4: 
Forest plot for event rate of pneumothorax showing event rate for pneumothorax
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Figure 5: 
Forest plot for event rate of severe bleeding showing rate of severe bleeding
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