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Abstract
Purpose of Review  This article will discuss new advances in cryoprobe technology and procedural utilization for the diag-
nosis of lung cancer and parenchymal lung diseases.
Recent Findings  Newly developed smaller cryoprobes can offer similar diagnostic advantages of standard cryoprobes when 
used as a diagnostic modality in a variety of lung conditions.
Summary  Bronchoscopic lung cryobiopsy is an innovative diagnostic technique for intraparenchymal lung diseases. Over 
the past decade, research has been dedicated to evaluating the safety profile of this technique, developing a standard proce-
dural approach, and exploring the utility of this approach for a variety of indications. In this article, we will review recent 
developments for the diagnostic utility of cryobiopsy in interstitial lung diseases, lung cancer, and lung transplant. We will 
also describe a technical approach for the procedure and evaluate complications and areas of ongoing research. With a similar 
safety profile and superior diagnostic yield compared to transbronchial forceps biopsy, ongoing research and development 
may pave the way for transbronchial lung cryobiopsy to become a first-line, minimally invasive diagnostic approach for 
many intraparenchymal lung diseases.
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Introduction

A common dilemma for chest physicians is deciding the most 
appropriate diagnostic modality for patients with intraparen-
chymal lung diseases. Surgical lung biopsy (SLB) is consid-
ered the gold standard for many diseases, but it is expensive; 
invasive, requires hospitalization; and is associated with sig-
nificant morbidity and mortality in patients with interstitial 
lung disease [1–4]. Bronchoscopy with transbronchial forceps 
biopsy (TFBx) is a less costly, minimally invasive technique 
that does not require hospitalization and offers a much lower 
risk profile for patients [5–9]. But it comes with the significant 
trade-off a small tissue sample that has architectural distortion 
due to crush artifact [1, 10]. In 2009, a cryoprobe, which had 

previously been used for therapeutic endobronchial ablation 
and tumor debulking, was successfully trialed in 41 patients as 
a minimally invasive, tissue-preserving diagnostic technique 
for intraparenchymal lung diseases [11]. Since its inception as 
a viable diagnostic modality, transbronchial lung cryobiopsy 
(TCBx) has undergone significant development and innova-
tion in both technique and application [12–16]. Here, we will 
review the latest innovation in transbronchial lung cryobi-
opsy during the past few years.

Transbronchial Lung Cryobiopsy

The science behind the cryoprobe is based on the 
Joule–Thomson effect, which is a thermodynamic principle 
that describes the cooling phenomenon of most compressed 
gases when they are released through a valve at high velocity 
[17, 18]. There are operator-dependent variations in TCBx 
technique, but the general approach is that a cryoprobe, 
generally a 1.7-mm probe, is introduced via flexible bron-
choscope to a fluoroscopically guided target area not within 
1 cm from pleura [19]. A cooling cycle is initiated for 2–8 s, 
freezing the tumor or lung parenchyma, which results in cry-
oadhesion of the tissue to the end of the cryoprobe. Freezing 
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time recommendations vary depending on the cryoprobe used 
and operator preference [14, 20, 21]. In general, a longer 
freezing cycle will result in a larger amount of tissue adhe-
sion to the probe. The frozen tissue section and cryoprobe are 
removed simultaneously from the lung and detached from the 
cryoprobe tip in formalin [17, 20, 22, 23]. The benefit of this 
procedural approach is that it yields larger, architecturally 
preserved tissue samples compared to TFBx, and its mini-
mally invasive nature dramatically reduces the morbidity, 
mortality, and cost associated with SLB [7, 12, 21, 24–29]. 
However, the procedure is not without risk, and it has been 
associated with slightly higher complication rates of airway 
bleeding and pneumothorax compared to forceps biopsy, and 
even rare cases of mortality (see Fig. 1) [5, 6, 17, 30, 31]. 
It is this risk/benefit ratio that has generated so much inter-
est in cyrobiopsy over the past decade. However, due to its 
development as an emerging technique, the lack of a standard 
technical method to perform the procedure has been a major 
impediment to the widespread implementation of TCBx [1, 
32]. Here, we will describe the technical aspects and most 
common approach for TCBx.

In TFBx, the forceps are designed to pass through the 
bronchoscope, with the biopsied specimen enclosed within 
the forceps and withdrawn through the instrument chan-
nel (IC). The bronchoscope should remain in the airway of 
interest throughout the procedure, allowing the operator to 
evaluate for and control any bleeding complications. Due to 
the compression of the biopsied specimen, forceps biopsy 
comes at the cost of “crushing” the tissue during the enclo-
sure and removal process [7, 11, 17]. In TCBx, the cryo-
probe and bronchoscope must be removed from the airway 
simultaneously due to the large frozen specimen attached to 
the cryoprobe, as the larger tissue specimen typically can-
not pass through the IC [17, 26]. Standard bronchoscopes 
generally have a 2.0-mm IC, and larger “therapeutic” bron-
choscopes can have up to a 3.2-mm IC [33], but cryobiopsy 
obtained specimens are frequently 2–4 times larger than that. 
Because the bronchoscope is removed from the airway, a 
secure airway should be obtained for TCBx, as bleeding is a 
known complication and the operator must have the ability 
to rapidly reinsert the bronchoscope [29]. To better control 
potential bleeding complications, it is recommended that a 
fogarty balloon or bronchial blocker be placed parallel to the 
bronchoscope in the airway and inflated right as the scope 
is removed until the bronchoscope can reintroduced, allow-
ing for control of any bleeding and prevention of spillover 
to adjacent segments and lobes with resultant hypoxia and 
difficulty with ventilation [19, 20]. Once the scope is reintro-
duced, the balloon can be deflated under direct visualization, 
with rapid reinflation if bleeding is seen distal to the balloon.

Due to the concern of removing the bronchoscope from a 
potentially bleeding airway, mini-cryoprobes of 1.1 mm have 
been developed and can be introduced to the airway of interest 

via guide sheath and retracted through the IC, allowing the 
bronchoscope to remain in the airway throughout the pro-
cedure (Table 1). A concern with sheath retraction through 
working channel is crush artifact seen in TFBx and sheath 
shearing, though sample quality in porcine models was similar 
to that of specimens obtained by standard TCBx [14, 16].

Interstitial Lung Disease

Interstitial lung diseases (ILD) make up a group of diagnos-
tically challenging conditions that often require a multidis-
ciplinary discussion (MDD) between a team of specialists, 
including pulmonologists, radiologists, and pathologists, 
to make a diagnosis [2, 36]. The final diagnosis frequently 
depends on the pathological evaluation of an adequate tissue 
sample, though obtaining this tissue via SLB gives clini-
cians pause, as it is associated with a mortality rate quoted 
between 3–4% in patients with ILD [3]. TFBx is associated 
with substantially less morbidity and mortality compared 
to SLB, but it offers a diagnostic yield in only one-third 
of cases in patients with ILD [2]. The common diagnostic 
dilemma for a clinician involves a patient with poor car-
diopulmonary reserve and an unclear diagnosis based on 
imaging studies. The decision to proceed with a diagnos-
tic surgical lung biopsy is based on the physician’s clini-
cal experience, potential to discover a treatable condition, 
and weighing the risk/benefit ratio with the patient. In this 
already frail patient population, there is a definite need for 
a less-invasive diagnostic approach that would provide ade-
quate tissue specimen, which is why TCBx has generated 
so much interest over the past several years. Indeed, three 
recently published major clinical practice guidelines make 
mention of cryobiopsy and have specific questions dedicated 
to its utility in the diagnosis of ILD [1, 2, 19].

Two-thirds of cases of idiopathic pulmonary fibrosis 
(IPF) can be diagnosed based on radiographic and clinical 
information alone, and do not require surgical lung biopsy. 
SLB is recommended in cases of diagnostic uncertainty, 
though data demonstrates mortality is exceptionally high 
in patients found to have IPF who undergo SLB [1, 4]. The 
most recent consensus guidelines on the diagnosis of IPF 
published in 2018 make mention of TCBx but make no 
recommendation for or against this diagnostic approach. 
Though the panel was “enthusiastic” about development of 
this minimally invasive diagnostic approach, and recognized 
the diagnostic yield to be 80% with low associated morbidity 
and mortality, the lack of comparison to SLB and no defined 
standard approach to the procedure led to the panel to make 
no formal recommendation with regard to TCBx in the diag-
nosis of IPF [1]. Importantly, just 1 year after this consensus 
guideline was released, the results of the COLDICE study 
were published.
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Fig. 1   Comparative cryoprobe sizes. Engaged cryoprobe tip with frozen “ice ball”
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The COLDICE study evaluated the diagnostic accuracy 
of TCBx compared to the gold standard SLB in patients 
with ILD. In this prospective, multicenter study, 65 patients 
requiring biopsy to aid in the diagnosis of ILD underwent 
sequential TCBx and SLB. Tissue samples were de-identified 
for pathologists and multidisciplinary discussants. From this 
study, two main points can be derived: first, there is substan-
tial agreement in histopathological patterns between TCBx 
and SLB at ~ 70% agreement, with improvement to 77% diag-
nostic agreement after MDD, and second, the study described 
a standard technical procedural approach for the use of TCBx 
in the diagnosis of ILD [21]. The data from COLDICE pro-
duced data that conflicted with results from a study published 
by Romagnali et al. the year prior, which showed poor con-
cordance between TCBx and SLB in 21 patients with ILD 
[37]. In fact, the results from Romagnoli discouraged practi-
tioners from considering TCBx as a viable diagnostic tech-
nique in ILD [38]. But with the data from the larger COL-
DICE study, and two meta-analyses on cryobiopsy in ILD 
among other studies, in 2020 the American College of Chest 
Physicians (ACCP) released six official statements regarding 
the use of TCBx for the diagnosis of ILD [19, 21, 27, 39]. 
The ACCP panel concluded that based on local expertise 
and individualized risk/benefit discussion with patients, that 
TCBx can be used to obtain tissue specimen for MDD in 
patients with ILD [19]. The five other statements detail a 
recommended technical approach for TCBx, largely in line 
with the approach described in the COLDICE study: 1.9 mm 
cryoprobe with endobronchial blocker, biopsies taken under 
fluoroscopy 1 cm from pleura from 2 separate segments or 
lobes [19, 21]. COLDICE also detailed an average freeze 
time of 4.6 s and a total of 4 biopsies [21].

In August 2020, 4 months after the ACCP published their 
expert panel report, the American Thoracic Society released 
an official practice guideline on the diagnosis of hypersen-
sitivity pneumonitis (HP). The panel separated HP into two 
distinct phenotypes and made different recommendations for 
each phenotype. The panel suggested cryobiopsy in cases of 
ILD with suspected fibrotic HP, mainly in order to reduce 
SLB in this population. They made no recommendation 
regarding TCBx in suspected non-fibrotic HP, as TFBx can 
be used to rule out other diffuse lung diseases such as infec-
tion and malignancy, where the diagnostic yield for TFBx is 
68% [2]. The diagnostic yield for TCBx in patients with HP is 

91%, which can be interpreted as patients with HP suspected 
ILD, SLB can be avoided in 80–90% of these cases if TCBx 
is used [2]. With the data derived from these studies and 
recommendations from the latest practice guidelines from 
major medical societies, TCBx should be considered as a 
reasonable diagnostic approach in conjunction with multi-
disciplinary discussions for higher risk patients with ILD in 
centers with an established cryobiopsy program [1, 2, 25, 40].

Lung Cancer

Lung cancer is often silent in the early stages and is consist-
ently the leading cause of cancer related death in males and 
females in developed countries worldwide [41–43]. Early 
diagnosis is paramount to mortality reduction, and the wide-
spread implementation of low-dose CT (LDCT) imaging 
in high-risk patients along with the development of preci-
sion therapeutic medical options in lung cancer has led to an 
explosion of interest in minimally invasive advanced diagnos-
tic methods [44–47]. The use of a cryoprobe for endobron-
chial tumor debulking, “cryorecannulation” has been a safe 
and successful treatment modality for over 10 years [48–50].

Malignant central airway obstruction is a common find-
ing in patients with lung cancer or metastatic spread of 
non-thoracic cancer to the central airways and its associ-
ated symptoms may be the first physical manifestation of a 
patients disease [51]. Cryoprobes have been in use for the 
emergent treatment of malignant airway obstructions for 
over 15 years, and have demonstrated effective tissue death 
and airway clearance with an acceptable safety profile [50, 
52, 53]. Five years after the initial publication describing the 
technique of cryoprobe tumor debulking, the same group of 
authors published a report utilizing the cryoprobe, rather 
than forceps, as a diagnostic tool for endobronchial lesions 
[7]. Results from that report demonstrated the technique 
was safe, and more effective than forceps, with a diagnostic 
yield of 89%, compared to 66% from forceps. Forceps have 
long been utilized as the most common diagnostic tool for 
endobronchial tumors. In large, central tumors that can be 
directly visualized with a bronchoscope, forceps biopsy has 
a diagnostic accuracy of 65–88%, though samples are small 
and suffer from significant architectural distortion due to 
crush artifact [54–57]. Metanalysis studies and a follow-up, 

Table 1   Removal of the 
bronchoscope from a potentially 
bleeding airway

[2, 6, 7, 11, 17, 20, 24, 29, 31, 34, 35]

Mod/severe 
bleeding

Pneumothorax Mortality ILD diagnostic 
yield

Malignancy diagnostic 
yield

TFBx 1–18% 1–5% < 1% 19–37% 65–85%
TCBx 6–22% 2–27% 0.4% 82–91% 89–95%
SLB - 100% 3–4% 92–95% -
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larger prospective comparative trial of forceps vs. cryoprobe 
for endobronchial tumors demonstrated TCBx resulted in 
larger, architecturally preserved tissue sample with increased 
diagnostic yield, 95% vs. 85%, compared to forceps [17, 29].

Innovation to aid in the early diagnosis of peripheral lung 
tumors has come in the form of advanced bronchoscopy tech-
niques and tumor retrieval devices, such as larger forceps and 
adjunctive bronchial brushes and needle devices [10, 46, 58]. 
Despite these advances, forceps biopsies are still associated 
with small sample size and architectural distortion [17]. TCBx 
can be used for the diagnosis of peripheral lung tumors, and 
studies have described different technical approaches with and 
without a guide sheath, and results have indicated a superior 
diagnostic yield for the cryoprobe versus forceps [5, 59]. TCBx 
can be used in conjunction with endobronchial ultrasound 
(EBUS) or radial EBUS (r-EBUS), and can yield a histological 
diagnosis in 86–91% of patients [5, 59]. For peripheral nodules 
eccentrically located or adjacent to airways, the addition of 
r-EBUS to TCBx can result in higher tissue yield compared to 
TFBx, 75% compared to 49% [12].

Advances in precision medicine have led to individual-
ized targeted therapies based on the molecular and immuno-
histochemical characteristics of the tumor [45]. The detec-
tion of genetic mutations such as EGFR and PD-L1 in lung 
cancer may be increased in specimens obtained via cryo-
biopsy vs. forceps, though technical ability in procedural 
performance plays a role in obtaining an adequate specimen 
[15, 60, 61]. In a prospective trial, 16 patients underwent 
both TCBx and TFBx to compare PD-L1 detection rate. 
The trial demonstrated a higher 1% PD-L1 detection rate 
in the cryobiopsy group at 56%, compared to that of 38% in 
the TFBx group [61]. Genetic analysis and the detection of 
PD-L1 has serious therapeutic implications, as it changes the 
recommended first-line therapy. In a retrospective study pub-
lished last year, cryobiopsy increased the EGFR mutation 
detection rate compared to forceps and needle techniques by 
a rate of 22% vs. 14% [60]. A recent pathological feasibil-
ity study demonstrated strong histochemical concordance 
in 43 resected primary lung tumors comparing scalpel vs. 
cryoprobe [62]. Given the superior diagnostic yield, archi-
tectural preservation and immunohistochemical capabilities 
of cryobiopsy samples compared to forceps, this diagnostic 
modality should continue to emerge as a promising mini-
mally invasive approach for the diagnosis of lung cancer.

Lung Transplant

Lung allograft recipients make up a rare patient demo-
graphic that must undergo frequent lung biopsies to evalu-
ate for transplant-related complications such as allograft 
rejection, bronchiolitis obliterans syndrome (BOS), and 
infection [63]. Currently, the standard of care for obtaining 

biopsy specimens in this population is bronchoscopically 
guided forceps, though small sample size and crush arti-
fact dictate ten specimens should be obtained for evaluation 
[63–66]. In 2013, a group of researchers already familiar 
with TCBx performed a safety and efficacy study on 17 lung 
transplant recipients and found superior tissue yield with 
fewer biopsies compared to TFBx, without additional risk of 
bleeding and pneumothorax [65]. A larger study compared 
81 histopathological specimens in transplant patients and 
demonstrated TCBx biopsies were larger, did not contain 
crush artifact, and improved the diagnostic yield of acute 
and chronic cellular rejection compared to TFBx [67]. 
The importance of these findings taken together cannot be 
understated, as these studies demonstrate that TCBx has a 
similar safety profile to the current standard of care, but it 
significantly improves biopsy quality, which can change the 
clinical management of these highly complex patients. To 
better explore the safety profile and risk factors for compli-
cation, a large, prospective trial evaluated 321 cryoprobe 
specimens and found that adequate tissue was obtained in 
97% of patients with yield improving when 4 biopsies were 
obtained, moderate-to-severe bleeding was found in 7% of 
patients and pneumothorax occurred in 8% of patients, 4% 
requiring tube thoracostomy. High blood pressure and single 
lung transplant recipients were found to be at higher risk 
for bleeding [68]. A large comparative study of 362 trans-
plant recipients demonstrated high-quality tissue yield using 
TCBx and no significant difference in bleeding or pneumo-
thorax compared to TFBx [69]. The utility of cryobiopsy 
in this patient population is to obtain higher quality biopsy 
specimens that would allow for earlier detection of critical 
diagnosis, such as cellular rejection and BOS, while expos-
ing patients to no additional risk than the current standard 
of care.

Challenges and Future Direction

There are several limitations in TCBx involving cryobiopsy 
technique, specimen analysis, and complication rate. Cur-
rently, few expert centers regularly perform the technique, 
and there is a substantial learning curve that can affect diag-
nostic yield [15, 70]. The ACCP has outlined some basic 
technical guidance for TCBx in ILD, but there is a need for 
standardization for different disease indications, including 
in lung transplant recipients and malignancy [19, 32]. Stud-
ies have demonstrated similar good agreement on biopsied 
specimens from SLB and TCBx, but lower confidence from 
pathologists in the cryobiopsy specimens [21]. Cryobiopsy 
specimens are intralobar and do not contain pleura like SLB, 
and new guidelines would be beneficial for pathologists to 
evaluate ILD from this new diagnostic approach. Although 
complications in TCBx are substantially reduced compared 
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to SLB, the en bloc removal of the bronchoscope and secure 
airway requirement may deter physicians from this proce-
dure. Smaller cryoprobes that can be withdrawn through the 
IC of the bronchoscope would remove the need for in-line 
fogarty balloon and simplify the technique, making it acces-
sible to more proceduralists. Animal studies have been pub-
lished and human studies are ongoing to evaluate methods 
for the bronchoscope to remain in the airway throughout the 
entire procedure. The development of a novel sheath with a 
small, 1.1 mm cryoprobe provided similar tissue yield com-
pared to standard cryobiopsy and allowed for the broncho-
scope to remain in the airway [14, 16]. Bleeding complica-
tions, pneumothorax, and mortality have all been observed 
in TCBx, though the severity of these complications seems 
to have been increased during the early development phase 
of this technique. Large, prospective comparative trials are 
still needed to evaluate different cryoprobe sizes and freez-
ing times for specific diseases in order to create more uni-
formity in the practice of this emerging diagnostic modality.

Conclusion

Transbronchial cryobiopsy is an emerging diagnostic tech-
nique that could play an important role as a preferred, 
minimally invasive first approach for the diagnosis of intra-
parenchymal lung diseases. Although more data is needed 
for standardization of the procedure and appropriate patho-
logical analysis, this approach has already demonstrated a 
safety profile similar to TFBx, but with superior diagnostic 
yield. With further research, it may replace the need for SLB 
for many lung diseases. TCBx has proven in these early trials 
to be a safe, effective diagnostic option for interstitial lung 
diseases and lung cancer. There are several novel studies 
evaluating diagnostic applications and equipment innovation 
for this new diagnostic tool.
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