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Transbronchial cryobiopsy: how to do it safely?
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Abstract: Transbronchial cryobiopsy (TBC) is a bronchoscopic procedure for obtaining larger and
higher quality peripheral lung biopsies with less crush artifact as compared to conventional transbronchial
lung biopsy. It has demonstrated a higher diagnostic yield than the traditional forceps biopsy and thus
has generated significant interest as a minimally invasive diagnostic tool for the diagnosis of diffuse
parenchymal lung disease (DPLD) in recent years. However, the possibility of intra-operative bleeding,
pneumothorax, and other postoperative complications have raised significant concerns. More recently,
studies on postoperative complications, morbidity, and mortality as well as the use of techniques to prevent
complications of this procedure have been published. Expert guidelines with graded recommendations based
on the GRADE approach have been released. Ours is an updated review of practices to perform TBC safely;

classified as pre-procedural, intraoperative and postoperative practices that can be adopted and applied in

clinical practice based on current evidence to decrease the incidence of adverse outcomes.
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Introduction

Transbronchial cryobiopsy (TBC) is a bronchoscopic
procedure for obtaining larger and higher quality peripheral
lung biopsies with less crush artifact as compared to
conventional transbronchial lung biopsy (1,2). It has
demonstrated a higher diagnostic yield than the traditional
forceps biopsy and thus has generated significant interest
as a minimally invasive diagnostic tool for the diagnosis of
diffuse parenchymal lung disease (DPLD) in recent years
(3-5). However, the possibility of intra-operative bleeding,
pneumothorax and other postoperative complications
have raised significant concerns. An expert statement from
the cryobiopsy working group on the safety and utility of
TBC in the diagnosis of DPLD was released, and a call
for standardization of the procedure was made in January

2018 (4). Grading of the level of evidence per GRADE
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(Grading of Recommendations Assessment, Development,
and Evaluation) criteria could not be made in this document
due to the low quality of evidence available; however,
suggestions on safe procedural practices were outlined and
standardization of practices was emphasized.

Since then, more studies on postoperative complications,
morbidity, and mortality as well as the use of additional
techniques to prevent complications of this procedure have
been published (6-9). More recently, expert guidelines
with graded recommendations based on the GRADE
approach have been released (10). Ours is an updated
review of practices to perform TBC safely; classified as
pre-procedural, intraoperative and postoperative practices
that can be adopted and applied in clinical practice based
on current evidence to decrease the incidence of adverse

outcomes.
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How to perform TBC safely: pre-procedural
considerations

A detailed and cautious pre-operative assessment can
reduce complications related to TBC. This procedure is
associated with a higher risk of procedural morbidity and
mortality as compared to the conventional transbronchial
forceps biopsy (6,7,11). Eligibility and indications for TBC
should be reviewed for each patient, and the complication
profile discussed in detail with the patient well ahead of the
procedure (2,5). Once the appropriate indication for the
procedure is confirmed, individual patient characteristics
and any contraindications should be reviewed to determine
the safety of performing this procedure followed by proper
optimization of these patients (4,6-8,12).

Patient eligibility: indications to perform transbronchial
cryobiopsy

Transbronchial cryobiopsy is commonly indicated for
DPLD to provide tissue analysis following multidisciplinary
discussion (MDD), especially when radiological and clinical
workup does not yield a definitive diagnosis (4,8,13).
Besides this, the use of this procedure for other indications
such as biopsy of lung nodules, lung transplant surveillance,
suspected small airway disease, and presence of pulmonary
infiltrates in immunocompromised patients is also reported
4,13-17).

Idiopathic pulmonary fibrosis (IPF), sarcoidosis,
connective tissue diseases, drugs, environmental inhalants,
and hypersensitivity pneumonitis (HP) are the most
common causes of DPLD (18). Since invasive diagnostic
approaches such as TBC or surgical lung biopsy (SLB)
are associated with potential risks and complications
(4), proper patient selection is crucial. Patients should
undergo a detailed pre-procedural workup, including a
complete history and clinical examination, biochemical
and serological testing, pulmonary function testing, and a
high-resolution computerized tomography scan (HRCT)
of the chest (4). A multidisciplinary discussion (MDD)
for diagnosing DPLD is now considered gold standard
(8,13,19). This multi-disciplinary committee consisting of
a team of experienced pulmonologists, pathologists, and
radiologists reviews each case and analyzes the clinical
presentation, laboratory, and radiological testing, to arrive
at a diagnosis and to determine the additional need for a
lung biopsy (13).
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Patient eligibility, contraindications, and pre-procedural
optimization

Once the appropriate indication is confirmed, the presence
of any contraindications to performing TBC should
be ruled out. Patient preference and presence of local
expertise in TBC or SLB should also be evaluated (10). The
precautions outlined below can be considered to optimize
the patient for a safe TBC procedure.

Bleeding diathesis and anticoagulation

Thrombocytopenia (platelets less than 50,000 per cubic
millimeter, mm”) is considered a contraindication to TBC
and transbronchial biopsy (4,20). Also, patients using
clopidogrel or other newer antiplatelet agents should not
undergo TBC unless all potential risks of bleeding are
corrected before the procedure (4). The use of antiplatelet
agents like clopidogrel is strongly associated with an
increased risk of bleeding with transbronchial biopsy.
Ernst et al. conducted a prospective study of 604 patients
who underwent transbronchial lung biopsy (20). Sixteen
of the 18 patients (89%) who were on clopidogrel within
24 hours of the bronchoscopy, experienced bleeding
as compared to 20 out of 574 control patients (3.4%).
The study had to be stopped early due to this significant
difference between groups. Thirty-four percent of
the bleeding episodes were moderate and 27% were
considered significant bleeds.

Additionally, concomitant use of both clopidogrel and
aspirin was associated with bleeding in 100% of patients
(50% moderate bleeding and 50% major bleeding) (20). In
another retrospective case series of 25 patients with platelet
count <60,000/mm’ who underwent transbronchial biopsies,
one patient had a fatal bleeding outcome (20,21). However,
in a large prospective trial that included 1,217 patients, low-
dose aspirin did not show an increase in the risk of bleeding
following transbronchial lung biopsy (TBLB) (22).

Recommendations regarding stopping antiplatelet
agents are similar to those for performing TBLB
(20,23,24). Based on the study results mentioned above and
supported by the current British Thoracic Society (BTS)
guidelines, the recommendation is to hold clopidogrel and
newer antiplatelet agents 5-7 days before transbronchial
biopsies (24). It is still reasonable, if feasible, to hold the
aspirin for five days before the procedure; however, it is not
considered an absolute contraindication (25).
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There are no comparative studies to determine the risk
of bleeding from TBLB when the patients are receiving oral
anticoagulants; however, the BTS guidelines recommend
discontinuation of warfarin 5 days before the endoscopic
procedure for low-risk patients and that INR (International
Normalized Ratio) should be checked before the procedure
to ensure its level is less than 1.5. In patients at high risk of
thrombo-embolic events, warfarin should be discontinued
5 days prior and low molecular weight heparin (LMWH)
can be started two days after discontinuation. LMWH
should be omitted on the day of the procedure and it can
be resumed the evening of the procedure day with the usual
daily dose (24).

Uremia also alters platelet function, and it is better
to undergo bronchoscopy shortly after hemodialysis.
There is some evidence to suggest that desmopressin
improves platelet function in uremic patients, and it can be
administered before the scheduled bronchoscopy (26).

Underlying liver insufficiency is often associated with
coagulation abnormalities; consider coagulation studies
before the planned procedure and correct the anomalies in
patients with suspected liver disease (27).

Pulmonary function

Impaired pulmonary function is associated with a higher
risk of complications based on data reported from studies
on surgical lung biopsy (SLB) (4). Several studies have used
cut off limits on the pulmonary function to minimize the
risk of post-procedural complications recommending that
diffusion capacity of the lungs for carbon monoxide (DLCO)
less than 35% of predicted or forced vital capacity (FVC)
less than 50% of predicted could be considered as a relative
contraindication to TBC (1,4,8,28). Other exclusion criteria
for some TBC studies were forced expiratory volume in the
first second (FEV1) of less than 0.8 liters (L) or less than
50% of predicted, FVC less than 50% of predicted, and
DLCO less than 35% or 50% of predicted (1,8,28). Not all
prior studies used a cut off for the level of hypoxemia as an
exclusion criterion for TBC. The partial pressure of oxygen
(PaO2) of less than 55-60 millimeters of mercury (mmHg)
on room air or supplemental oxygen requirement of more
than 2 L per minute is considered a contraindication in
some studies (8,29,30). Patients with lower FVC or DLCO,
higher radiological fibrotic score, or usual interstitial
pneumonia (UIP) pattern found on histology were also at
higher risk of post-TBC complications (2,8,10).

© Shanghai Chest. All rights reserved.

Page 3 of 10

Acute deterioration

Inpatients and patients experiencing an acute respiratory
decline over the last 30 days (increased dyspnea, increased
need for supplemental oxygen and growing pulmonary
infiltrates) are at an increased risk of death within 30 days
post-procedure and should not undergo TBC. In a recent
study of 197 patients who underwent TBC, 25% 30-day
mortality was reported for inpatients (2 of 8 total
inpatients) compared to 1.1% for outpatients (2 of 189 total
outpatients) (6). Another retrospective study of 159 patients
who underwent TBC showed that the hospitalized group
of patients also experienced a higher rate of pneumothorax,
persistent air leak, transfer to the ICU, and mortality at
30 days when compared to the outpatient group (7).

Obesity

Obesity is considered a relative contraindication. In
one retrospective study of 69 cases, 3 patients with BMI
>30 Kg/m’ could not undergo TBC for desaturating during
the procedure; however, all cases were performed through rigid
bronchoscopy and type of ventilaton was not reported (28).

Pulmonary hypertension

Pulmonary hypertension is a relative contraindication to TBC
in the absence of sufficient data (25). Patients with clinical
or radiological signs of pulmonary hypertension should
undergo a preoperative evaluation of their pulmonary artery
pressure by echocardiography or right heart catheterization.
An estimated systolic pulmonary artery pressure >50 mmHg
on echocardiography is indicative of a high risk of pulmonary
hypertension and operative complications (31,32).

Key points to consider before performing TBC are
summarized in Table 1.

How to perform TBC safely: intraprocedural
considerations

Safety practices are essential to minimize the risk of
complications when performing TBC. A step by step procedural
process as well as an evidence-based review is discussed below.

Anestbesia plan

All patients undergoing TBC should be deeply sedated

Shangbai Chest 2021;5:16 | http://dx.doi.org/10.21037/shc.2020.03.05



Page 4 of 10

Table 1 Key points: pre-procedural safety checklist
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Pre-procedural safety checklist

as well as risks of the procedure with the patient

«» Exclude active systemic coagulopathy

% Platelets count >50x10%L

catheterization to exclude PH before undergoing TBC

<+ Body mass index (BMI) <35

» Evaluate every patient in person, in detail well before the procedure to review the indications and contraindications of performing TBC

% For patients on warfarin, discontinue for 5 days pre-procedure and INR <1.5
% For patients on clopidogrel or high dose aspirin: discontinue for 5-7 days

< For patients on newer anticoagulants: discontinue per published guidelines

% Patients with estimated systolic pulmonary artery pressure >50 mmHg on echocardiography should be considered for a right heart

% FEV1 >0.8 L or 50% predicted, FVC >50%, predicted DLCO >35% predicted

» No significant hypoxemia, PO2 >55-60 mmHg on no more than 2 L of supplemental oxygen

» Avoid this procedure on inpatients or those with an acute respiratory decline in the last 30 days

or under general anesthesia in order to best suppress
coughing and movement during the procedure, which
would otherwise increase the risk of pneumothorax or
probe displacement and airway injury (2,4,33). Keeping the
patient spontaneously breathing by avoiding neuromuscular
paralysis as well as keeping the endotracheal tube cuff
deflated—hence decreasing positive pressure ventilation can
reduce the risk of pneumothorax during procedure (2). Jet
ventilation has been used safely and successfully with the
use of rigid bronchoscopy for TBC (2,4,8,34). However, it
would require patients to be under neuromuscular paralysis.

Staff preparation

TBC involves coordination between multiple personnel
during the procedure to ensure its appropriate execution.
The process should be reviewed step by step with the team
and roles assigned beforehand to improve communication.
Closed-loop communication should be practiced during the
procedure (35). Similar to the proceduralist, trained staff to
perform this procedure is favorable. Simulation-based team
training has not been studied for TBC, however it has been
useful in improving performance in other scenarios (36).

The proceduralist and location

The proceduralist performing TBC should be a trained
interventional pulmonologist with prior supervised training
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in performing this procedure (4). An assistant who only
manages the bronchial blocker at all times should be
present. TBC should be performed in an operating room
or a dedicated bronchoscopy suite with equipment to
handle emergencies ready and immediately available (4).
This equipment includes; an airway cart with multiple sizes
of endotracheal tubes, oral airways, direct laryngoscopy
equipment, a code cart, equipment to insert chest tubes
emergently and to control endobronchial bleeding like
balloon blockers of various sizes (1,7).

A proposed procedure—step by step

(I) A detailed procedural pause/time out should be
performed, during which the procedural plan, target
lobes, assigned roles, and a backup safety plan for
potential complications should also be reviewed.

(II)  Abnormal areas seen on pre-procedure computed
tomography (CT) scan should be targeted with
attempts made to take each biopsy from a different
segment. As per standard of care, 35 biopsies should
be obtained per patient, all from different segments
and at least from two different lobes. Only one lung
should be biopsied.

(III) A 7 Fr or 9 Fr bronchial blocker should be used for
prophylactic airway occlusion to avoid contamination
of other airways with blood during the procedure.

This blocker should be preferably placed in the
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target lobe from outside the ETT lumen to provide
space for ventilation through the ETT as well as
for movement of the bronchoscope. As described in
previous publications, the ETT can first be threaded
over the bronchoscope and secured followed by
tightening the snare of the bronchial blocker
around the tip of the bronchoscope allowing it to
be driven to the target lobe with the bronchoscope
and deployed (2,5). The bronchial blocker should
be checked for any leaks by inflating air through it
under saline before start of the procedure.

(IV)  After deploying the bronchial blocker in the desired
location, the ETT can be advanced over a flexible
bronchoscope (large therapeutic channel scope for
passing instruments as well as providing space for
continuous suction). A wire reinforced endotracheal
tube can be considered as it allows for ease of
manually intubating the right or left mainstem in
case of severe bleeding during the procedure.

(V) Oxygen is delivered per ETT. Consider keeping the
cuff deflated unless indicated to assist ventilation.
An anesthesiologist or certified registered nurse
anesthetist (CRNA) can provide deep intravenous
sedation, and adequate spontaneous respiratory
effort should be maintained as much as possible.
Paralytics should be used only if adequate sedation
and spontaneous assisted ventilation could not be
safely co-maintained or if the procedure is performed
under rigid bronchoscopy.

(VI) A patient's tolerance for TBC can be checked by
a trial of occlusion of the targeted lobe by balloon
blocker for 3—4 minutes. If the patient desaturates
significantly raising concerns, the procedure can be
aborted at that point. This practice has not been
studied in the literature; however, it simulates post-
TBC occlusion of target segment with blood and
atelectasis that can cause decompensation in some
patients.

(VII) Real-time fluoroscopy should be used in all cases to
guide the cryobiopsy probe placement.

(VIII) A carbon dioxide-cooled cryoprobe, 1.9 or 2.4 mm
in diameter should be advanced under fluoroscopic
guidance until it meets resistance or the probe is
seen to reach the pleura.

(IX) The cryoprobe should be then pulled back 1 cm
and activated for 5 seconds. The cryoprobe and
bronchoscope are then pulled out of the airway en
bloc. This technique targets the area of the lung
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parenchyma that is best suited for biopsy as it has less
risk of pneumothorax (safer distance from parietal
pleura), less chance of bleeding (avoids medium-
sized arteries that lack complete cartilage plates) and
has higher yield for diagnosis of UIP (proximity to
the secondary lobule and subpleural area) (4,37). The
prophylactic bronchial blocker should be inflated by
the bedside assistant as soon as each cryobiopsy is
pulled out along with the bronchoscope.

(X)  The cryobiopsy should be submerged in room
temperature saline to rapidly thaw and release the
tissue, after which the cryoprobe is removed from
the bronchoscope. This biopsy should be gently
transferred to formalin with the help of a needle.

(XI) The bronchoscope should be quickly reintroduced
into the airway to confirm the inflation and position
of the bronchial blocker occluding the biopsied
airway and blocker should be deflated when
appropriate.

(XII) Strategies to achieve hemostasis should be carried
out as needed, including iced saline, suction,
tamponade and re-inflation of blocker, patient
repositioning, etc.

(XTIII) After satisfactory hemostasis is obtained it is then
safe to proceed with the next cryobiopsy.

(XIV) At the discretion of the operator, the process can be
repeated in different locations in the same lobe to
achieve up to 3-5 biopsies.

Intra-procedural safety practices
Prevention of bleeding

Intra-operative bleeding is the most feared complication
of TBC, and balloon blockade is suggested to be
prophylactically performed to prevent the same (4,8,38-41).
A recent meta-analysis of 27 studies showed that the
incidence of combined moderate and severe bleeding was
14.2% (95% CI, 7.9-21.9%) (42). The pooled estimate of
TBCB procedure-related moderate/severe bleeding was
39% in one meta-analysis (43), but another systematic
review reported a 12% probability of moderate bleeding (8).
In another meta-analysis of 12 studies including
383 patients, there were no reported episodes of severe
bleeding. The likelihood of developing moderate bleeding
in this meta-analysis was 0.12 (95% CI, 0.02-0.25) (8).
Analyses of bleeding rates are complicated due to significant
heterogeneity across studies, including procedural technique,
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Table 2 Key points: intra-operative safety checklist
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Intraoperative safety checklist

—_

. Location—operating room or a dedicated bronchoscopy suite

o o A~ ® N

. Anesthesia: deep sedation or general anesthesia with the use of an endotracheal tube (8.5 mm diameter or larger)

Proceduralist—with prior supervised training in performing transbronchial cryobiopsy at high volume center

. Procedural plan: target site planned before the procedure, equipment checked and verified (bronchial blocker, cryoprobe)
. Staff preparation—roles assigned beforehand to improve communication

. Personnel needed: Bronchoscopist, an assistant to the bronchoscopist who operates the bronchial blocker, bedside scrub

technician/nurse/respiratory therapist to assist with managing the cryoprobe, retrieving cryobiopsies after they are thawed and assist

the bronchoscopist in supplies to maintain hemostasis

7. Safety equipment in the room: an airway cart with multiple sizes of endotracheal tubes, oral airways, direct laryngoscopy equipment;
a code cart, chest tubes insertion kit; cold saline, balloon blockers of various sizes

post-biopsy monitoring, and inconsistent definitions of the
severity of airway bleeding (43). A commonly used definition
originated in 2006 by Ernst ez 4. describing airway bleeding
as no bleeding, mild, moderate and severe bleeding (20).
Since 2016, there have been cases reported of massive
hemoptysis and life-threatening bleeding (6,11). Two
reported cases required conversion to rigid bronchoscopy for
blood clot extraction in one study and two cases of mortality
were reported within 30 days of the procedure in another
recent study (6,40). Thus, careful patient selection and
correction of bleeding diathesis is paramount. Prophylactic
placement of a bronchial blocker and endotracheal
intubation for patients is recommended (4,6).

Pneumothorax

Pneumothorax is a complication associated with TBC with
a reported rate from 1% up to 30% in the literature (4). In
a meta-analysis of 30 studies that included 1443 patients,
the pneumothorax rate was 9.4% (95% CI, 6.7-12.5%) (42).
The same average rate of 9.5% (5.9-14.9%) was reported
on a prior meta-analysis of 13 studies (44). Of all patients
developing a pneumothorax, not all of them will require a
chest tube for drainage. In one meta-analysis of 15 studies
including 994 patients, out of a 100 pneumothoraces
(10%), 70 (70%) required chest tube drainage (33). The
risk of pneumothorax increases with biopsies taken at
a close distance to the pleura, UIP histological pattern,
and fibrosing DPLD (28,33). Ravaglia er 4/. identified
several factors that increased the risk of pneumothorax:
when samples were taken from different sites or the lower
lobes, use of a 2.4 mm probe, and obtaining more than
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three samples. This risk can be decreased by the use of
fluoroscopic guidance during TBC as well as using a
1.9 mm probe instead of the 2.4 mm probe (10,45). Use of
1.9 mm probe also allows for some use of suction around
the cryoprobe as well as less chances of the cryoprobe
getting stuck at a distal carina and not reaching the target
subpleural area when advanced outside the scope to obtain
TBC ().

Key points to consider while performing TBC are
summarized in Table 2.

Post procedural considerations

The management of patients post-TBC includes the
assessment for any procedural complications, especially
pneumothorax. Several systematic reviews and meta-analyses
of TBC complications have identified a pneumothorax risk
of 6.8-20% (33,43-45). It was as high as 28% in a small
prospective study of patients with fibrotic DPLD (29). Thus,
the Cryobiopsy Working Group suggests a post-procedural
CXR or ultrasound exam either immediately (if symptomatic)
or 2 hours after the end of the procedure (if asymptomatic) (4).
A small prospective pilot study found that chest ultrasound is
highly sensitive and specific for the diagnosis of pneumothorax
after lung biopsy, identified by both the absence of lung sliding
and a “stratosphere sign” in M-mode (46).

Patients should be observed in the post-procedure
recovery area as per local institutional guidelines, and
hospitalization can be considered for individual patients
with post-procedural complications. The median time
to the first adverse event after TBC is 0.6 days (20);
thus, TBC could be performed in an outpatient setting.
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Post-procedure checklist

< CXR or ultrasound exam either immediately (if symptomatic) or 2 hours after the end of the procedure (if asymptomatic)

<+ Observation in the recovery area as per local institutional guidelines

<+ Monitor for any complications, such as respiratory failure, seizures, atrial fibrillation, hemoptysis, pneumothorax

Median hospitalization length of stay post-TBC is
2.6 days (20) but can increase to a mean of 6 days in
patients with post-procedure pneumothorax (3). In a large
series of 699 patients who underwent TBC, 19.2% of
patients experienced pneumothorax and 70.1% of patients
with a pneumothorax required chest tube drainage (8).
Most patients are monitored for at least 2-3 hours post-
procedure (4,8); it is essential to recognize that post-TBC
pneumothorax can be delayed (46). Thus, a follow-up phone
call at 24 hours could be considered (47). The concerning
signs and symptoms include dyspnea, palpitations, chest
pain, tachycardia, hypotension, and hypoxemia. Patients
are also instructed to notify their provider if any of these
symptoms develop post-discharge.

The 30-day mortality after TBC has been reported but
can be variable, 0.4% per a study of 699 patients by Ravaglia
et al. (8), 2.0% percent per another study of 197 patients
by Pannu er al. (6) and 1.9% per a study of 159 patients
by Cooley et al. (7). Deaths post-TBC are commonly due
to acute exacerbation of IPF and are significantly higher
when TBC is performed on inpatients (25% wvs. 2.0% and
5.9% vs. 1.9%) (6,8,28,33). This is a similar trend when
compared to post SLB mortality. In patients with ILD
who underwent SLB, the in-hospital mortality was 1.7%
for elective surgical lung biopsies and significantly higher
for nonelective procedures (16%), based on a 2000-2011
Nationwide Inpatient Sample (48).

A review of 15 TBC studies including 994 patients
identified other complications: 4 transient respiratory
failures (0.4%), 1 death (0.1%), 1 acute exacerbation (0.1%),
and 1 prolonged air leak (0.1%) (33). Another review of
11 TBC studies, including 731 patients identified only one
patient with acute exacerbation and one procedure-related
death (43). Other side effects that occurred in 9 of 699
(1.3%) patients in one study included: 4 transient respiratory
failure, one empyema, one seizure, one atrial fibrillation,
one pneumomediastinum, and one hemoptysis (8).
Hospitalized patients with ILD are at higher risk of post-
TBC pneumothorax, persistent air leak, ICU transfer in
addition to higher 30-day mortality (7).
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Key points to consider after performing TBC are
summarized in Table 3.

Summary and conclusion

TBC can provide the benefit of increasing diagnostic yield;
however, modifiable procedural aspects should be optimized
and standardized to decrease the risk of complications.
Patient selection, procedural technique, and careful
postoperative monitoring are all key to mitigating the risks.
Bleeding diathesis, obesity, pulmonary hypertension, and
lung function should be carefully evaluated in potential
candidates for TBC. The intraprocedural use of fluoroscopy
and prophylactic endobronchial balloon blockade are
recommended. Postoperative care includes obtaining a
CXR or ultrasound exam to evaluate for pneumothorax in
addition to monitoring for any other complications. This
updated review of safety practices in performing TBC can
be applied to decrease potential adverse outcomes.
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