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Background: Pulmonary lymphangitic carcinomatosis (PLC) is characterized by malignant infiltration 
into lung lymphatic channels from a primary site and is often observed in advanced malignant tumors. This 
study aimed to evaluate the diagnostic yield of transbronchial lung cryobiopsy in PLC guided by radial 
endobronchial ultrasound and virtual bronchoscopic navigation (VBN).
Methods: This prospective study enrolled 40 patients with clinical and radiologic features indicating PLC. 
The radial endobronchial ultrasound probe was initially advanced to the region of interest of the desired 
lobe near the pleura with guidance by VBN. Transbronchial lung biopsy and transbronchial lung cryobiopsy 
were both performed in the same ROI of all patients with the obtained samples being sent to the pathology 
laboratory for diagnostic analysis. Procedural complications were recorded.
Results: The average number of transbronchial lung biopsy and transbronchial lung cryobiopsy specimens 
were 4 (3 to 6) and 2 (1 to 3), respectively (t=10.43, P<0.01), with the corresponding mean diameters per 
biopsy being 3.7 and 8.7 mm (t=12.37, P<0.01). The diagnostic yields of transbronchial lung biopsy and 
transbronchial lung cryobiopsy were 70% (28/40) and 92.5% (37/40), respectively. The final positive 
predictive values of transbronchial lung cryobiopsy and transbronchial lung biopsy for PLC were 94.4% 
(34/36) and 77.8% (28/36), respectively (χ2=23.94, P<0.01). Further, 52.2% (12/23) and 81.5% (22/27) of 
the patients in the transbronchial lung biopsy and transbronchial lung cryobiopsy groups, respectively, were 
diagnosed with non-small lung cancer after further molecular analysis (χ2=19.56, P<0.01). Only 2 (5%) cases 
presented postoperative pneumothorax. Moreover, 0 (0%), 3 (7.5%), and 17 (42.5%) patients presented 
severe, moderate, and mild bleeding, respectively. There were no other adverse events or deaths.
Conclusions: Transbronchial lung cryobiopsy with the guidance of radial endobronchial ultrasound and 
VBN without fluoroscopy has a good diagnostic yield for PLC; moreover, it allows one to obtain adequate 
and intact tissue samples for further molecular analysis. 
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Introduction

Pulmonary lymphangitic carcinomatosis (PLC) is 
characterized by malignant infiltration into lung lymphatic 
channels from a primary site and generally originates from 
adenocarcinoma of the lung, breast, stomach, prostate, and 
pancreas (1). Specifically, it is an unusual presentation of 
diffuse infiltrative lung disease with nonspecific symptoms, 
which often results in a delayed diagnosis. High resolution 
computed tomography (HRCT) is a vital method for 
PLC diagnosis with the characteristic radiologic features 
including thickened peribronchovascular interstitium and 
interlobular septa, subpleural edema, pulmonary nodules 
with accompanying bronchovascular bundles, hilar and 
mediastinal nodal enlargement, pleural effusion, and slight 
destruction of the overall lung architecture (2-4). Clinical 
PLC diagnosis is often difficult given the lack of specific 
respiratory complaints and radiologic features. Half of the 
patients with PLC die within 3 months after respiratory 
symptom onset (5); moreover, poor prognosis requires early 
histopathologic diagnosis and treatment. 

Despite the well-known high diagnostic value of thoracic 
surgery lung biopsy (6,7), patients may require a few post-
operative days of hospitalization and develop numerous 
complications associated with mortality risk (6-8). TBLB 
using endoscopic forceps is the most common diagnostic 
approach. However, the tissue sample size obtained by 
standard TBLB usually limits the diagnostic yield (9,10). 
The TBLB diagnostic yield has been reported to be <70% 
and 29% for peripheral pulmonary lesions (PPL) (11) and 
interstitial lung disease (12), respectively. 

Since the 1970s, cryoprobes have been employed in 
bronchoscopy. When the probe tip is cooled by releasing 
the compressed carbon dioxide (CO2) or nitric oxide (NO), 
the tissue adjacent to the probe is attached to the frozen 
probe and isolated. Over the last decade, TBLC has been 
performed to obtain sufficient specimens for the diagnosis 
of interstitial lung diseases (ILD), which could explain 
the higher diagnostic yield compared with that of TBLB 
(10,12-18). However, there have been few studies on the 
role of TBLC on PLC. 

Guidance techniques, including fluoroscopy, virtual 
bronchoscopic navigation (VBN), electromagnetic 
navigation bronchoscopy (ENB), and radial endobronchial 
ultrasound (R-EBUS), are applied to TBLC to enhance the 
diagnostic yield of PLC and avoid complications. R-EBUS 
is a minimally invasive bronchoscopic technique that is 
routinely used for PPL diagnosis (19). It generates a 360° 

ultrasound field of view, which allows bronchoscopists to 
avoid blood vessels and to target the lung biopsy site. In our 
clinical practice, the “blizzard” pattern is manifested in PLC 
due to increased echogenicity resulting from interstitial 
tumor cell infiltration. R-EBUS is often combined with 
other guidance techniques to improve target localization. 
VBN is a navigation technique that employs CT images to 
reconstruct the virtual bronchial tree and provide a route 
to the target. VBN images are created based on imaging 
data obtained before bronchoscopy examination. The 
combination of VBN with R-EBUS has a higher diagnostic 
yield for PPL (20).

There have been few studies on PLC biopsy. This study 
aimed to assess the diagnostic yield of TBLC for PLC, as 
well as to evaluate the procedure-related complications. 

We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-2020-abpd-002). 

Methods

Patients

This prospective study was conducted in the department of 
pulmonary and critical care, Yantai Yuhuangding Hospital 
from January 2017 to November 2018. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study protocol was reviewed and 
approved by the Ethics Committee of Qingdao Medical 
College Affiliated to Yantai Yuhuangding Hospital (No. 
2014-111), which waived the requirement for informed 
consent due to the retrospective nature of the study. All 
the patients provided written informed consent before 
treatment. This open-label study enrolled consecutive 
patients with pulmonary infiltrates on HRCT and suspected 
of PLC. Typical imaging features of PLC on HCRT 
include perihilar axial interstitium, thickened interlobular 
septa, intrapulmonary nodules, subpleural interstitium, 
and no structural lung lobule deformations. Moreover, 
we enrolled patients with additional imaging features of 
hilar and mediastinal nodal enlargement, as well as pleural 
effusion. Other inclusion criteria were: (I) age >18 years 
and <80 years; (II) platelet count >80,000/mm3. The main 
exclusion criteria were: (I) standard contraindications to 
invasive procedures, including heart failure and unstable 
cardiovascular disease; (II) forced vital capacity <50% 
predicted and diffusion capacity of carbon monoxide 
<35% predicted; (III) abnormal coagulation test results; 
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(VI) having taken oral anticoagulants within 1 week; (V) 
contraindications to anesthesia; and (VII) pregnant women.

Procedure and Equipment

HRCT images were imported into the VBN system 
(DirectPath™, Olympus, Tokyo, Japan); subsequently, one 
to three targets were selected in each patient at a distance of 
about 1 cm from the chest wall. The lower lung zones and 
lateral airways were prioritized. After target localization, 
the virtual airway pathway and distance for approaching the 
target was calculated using VBN (21). The VBN system was 
positioned beside the bronchoscopic screen. 

TBLC was conducted in patients intubated with a rigid 
tube (size 8.5# to 14#; Karl Storz, Tuttlingen, Germany). 
An interventional pulmonologist performed flexible 
bronchoscopy with the patient under general anesthesia (22). 

R-EBUS guided TBLC procedure

A bronchoscope (BF-P290; Olympus, Tokyo, Japan) was 
introduced through intubation and navigated to the target 
with guidance by the VBN system. Upon reaching the most 
distal airway, an ultrasound probe (20 MHz, UM-S20-17S; 
Olympus, Tokyo, Japan) was inserted through the working 
channel. This procedure did not involve fluoroscopy. The 
probe length and angle were based on previously calculated 
VBN data. The absence of major vessels and the presence 
of blizzard patterns were indicative of the safe area for 
biopsy (Figures 1,2). In case the desired pattern was not 
observed or was too close to the pleura, a biopsy sample was 
not obtained and another target area was explored. Once 
the optimal location was confirmed, the EBUS probe was 
removed followed by the introduction of transbronchial 
forceps into the area. Five biopsies were suggested during 

Figure 1 Images of a 54-year-old woman with PLC. HRCT of the axial position, coronal position, and sagittal positions (A,B,C). A 
3D-reconstruction of the tracheobronchial tree by VBN (D). R-EBUS image showing a blizzard pattern (E). Cryobiopsy confirmed lung 
adenocarcinoma (F; HE, ×100).
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the procedure. The cryoprobe (1.8 mm diameter; Kooland, 
Beijing, China) was inserted into the same target segmental 
bronchi as the previous TBLB. The cryoprobe was activated 
for 5–6 s; subsequently, it was quickly removed together 
with the bronchoscope. The tissue was thawed from the 
cryoprobe in normal saline and transferred to formalin. 
Two biopsies were suggested. Finally, the bronchoscope 
was re-advanced into the airway for bleeding assessment 
and management. A balloon catheter had been previously 
prepared for possible major bleeding. TBLB and TBLC 
specimens were sent to the department of pathology 
respectively. A pathologist reviewed all specimens and 
recorded whether the final pathologic diagnostic results 
were confirmed using TBLB and/or TBLC specimens. 
Moreover, whether the specimens were suitable for further 
genetic analysis was recorded. 

Complications

Cryobiopsy-related bleeding was categorized into mild 
(requiring bronchoscopic suctioning), moderate (requiring 
intrabronchial administration of epinephrine or ice-cold 
saline), and severe (requiring procedure termination, blood 
transfusion, or prolonged intubation requiring intensive 
care unit monitoring) (23). All the patients underwent chest 
X-ray within 2 postoperative hours to evaluate procedure-
related pneumothorax, as well as other complications.

Statistical analysis

Baseline characteristics of the patients were analyzed 
using descriptive statistics. Normally and non-normally 
distributed continuous variables were expressed as medians 

Figure 2 Images of a 70-year-old man suspected with PLC. HRCT of the axial, coronal, and sagittal positions (A,B,C). A 3D-reconstruction 
of tracheobronchial tree by VBN (D). R-EBUS image showing a blizzard pattern (E). Cryobiopsy confirmed interstitial pulmonary 
tuberculosis (F; HE, ×100).
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with standard deviations and median [interquartile range 
(IQR)], respectively. Categorical data were expressed as 
percentages and frequencies. The diagnostic yield was 
calculated using the pathologic diagnostic results. Between-
group comparisons of categorical variables were performed 
using a t-test or Chi-squared test. Statistical significance 
was set at two-sided P<0.05.

Results

From January 2017 to November 2018, we enrolled 40 
patients. The overall median (IQR) age of patients was 
62.5 (41.7–78.3) years; further, 65.0% of the patients were 
male. Most lesions were located in the outer third of the 
hemithorax in the lower lobe. Table 1 presents the baseline 
clinical and lesion characteristics. 

The average number of TBLB and TBLC specimens 
were 4 (3 to 6) and 2 (1 to 3), respectively, (t=10.43, 
P<0.01), with the corresponding mean diameters per biopsy 
being 3.7 and 8.7 mm (t=12.37, P<0.01) (Figure 3). In the 
VBN and R-EBUS guided TBLB group, malignancies 
were identified in 28 (70%) patients; among them, 20, 3, 
3, and 2 patients were diagnosed with adenocarcinoma, 
squamous cell lung cancer, small cell lung cancer, and other 
malignancies, respectively. These diagnoses were reached 
by both TBLB and TBLC. An additional 9 diagnoses were 
established through TBLC, which increased the overall 
diagnostic yield to 92.5% (37/40). Among the 9 patients, 
4, 2, 2, and 1 were diagnosed with adenocarcinoma, small 
cell lung cancer, tuberculosis, and organizing pneumonia, 
respectively. Both TBLB and TBLC failed to achieve a 
diagnostic yield in 3 patients. Among them, a definitive 
diagnosis was established using video-assisted thoracoscopic 
surgery in 2 patients while a final diagnosis could not be 
reached in 1 patient due to progressive worse respiratory 
symptoms and arterial oxygen pressure. The final positive 
predictive value of TBLC and TBLB for malignancies were 
94.4% (34/36) and 77.8% (28/36), respectively (χ2=23.94, 

Table 1 Patient characteristics of study population

Subjects Data 

Age (years) 62.5 (41.7–78.3)

Sex (male/female) 26/14

Smoking history (%) 67.5% (27/40)

Upper lobe (%) 7.5% (3/40)

Middle lobe (%) 20% (8/40)

Lower lobe (%) 72.5% (29/40)

Inner third (%) 2.5% (1/40)

Middle third (%) 12.5% (5/40)

Outer third (%) 85% (34/40)

Past malignancy (%) 7.5% (3/40)

FEV1 (L) 1.81±0.07

FVC predicted (%) 0.65±0.01

Data were presented as % (n/N), mean ± SD, or median (IQR). 
FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity.

Figure 3 Image of a cryoprobe (A) and lung tissue specimen obtained by TBLC (B).
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P<0.01). TBLB and TBLC specimens were sufficient for 
further genetic analysis in 52.2% (12/23) and 81.5% (22/27) 
of the patients, respectively, diagnosed with non-small lung 
cancer (χ2=19.56, P<0.01). 

Only 2 (5%) pat ients  developed postoperat ive 
pneumothorax, with one patient requiring pleural drainage. 
There was no occurrence of severe life-threatening bleeding 
events; moreover, moderate, and mild bleeding occurred 
in 3 (7.5%) and 17 (42.5%) patients, respectively. There 
were no other adverse events or death. Table 2 presents the 
procedure characteristics and diagnostic yield of TBLB and 
TBLC for PLC.

Discussion

PLC is an unusual presentation of diffuse infiltrative 
lung disease with nonspecific symptoms, which often 
results in delayed diagnosis. Although HRCT and PET-
CT are crucially involved in identifying PLC (3,4), there 
is a need to obtain pathology diagnosis to allow prompt 
treatment. Transbronchial biopsy is the most common 
and least invasive approach. The reported diagnostic 
yield for ILD ranges from 75% to 93% (24-26). In 
the present study, our diagnostic yield and adequate 
specimen rate for genetic analysis were 92.5% and 
81.5%, respectively, which was prior to those previously 
reported. It was thought that disorders distributed along 
the lymphatic routes, including OP and sarcoidosis, were 
easily identifiable (25,26), and there might be the same 

result in PLC. The optimal cryobiopsy number remains 
unclear, with 2–5 biopsies being suggested (15). In this 
study, 2–3 biopsies were sufficient for pathological and 
molecular evaluation. The mean diameter of the samples 
we obtained was consistent with that previously reported 
(24,27,28). The present study suggested that TBLC was 
quite qualified for diagnosing suspected PLC with 2–3 
biopsies.

The main complications of TBLC include pneumothorax 
and massive hemoptysis. It is thought that the pneumothorax 
risk increases upon cryoprobe insertion into the subpleural 
area (21). For safety purposes, there is a need to determine 
if the freezing tip of the flexible cryoprobe is sufficiently 
distant from the chest wall during TBLC. In this study, 
we manually used the VBN system for target localization 
and to avoid the subpleural area based on lesion location. 
Subsequently, the VBN system calculated the potential 
pathway, and the bronchoscope could be guided into the 
third to eighth generation bronchi. The VBN system has 
been used to enhance the diagnostic yield of transbronchial 
biopsy for PPL (29,30). Currently, there has been no study 
evaluating the diagnostic yield of VBN for PLC; however, 
VBN did facilitate the selection of the correct bronchus to 
reach the target and shorten the procedure time. Further, 
the low pneumothorax incidence rate (5%) in our study 
could be attributed to the use of VBN. A review literature 
reported that the pneumothorax incidence of TBLC was 
approximately 10% without VBN (31). 

Since VBN is not a real-time imaging technique, we 
combined it with R-EBUS to choose the most proper 
biopsy site. Given that vessels are usually running along the 
bronchus in the peripheral lung, the risk of severe bleeding 
increases when the cryoprobe is too close to the pulmonary 
vessels, which can be avoided using an ultrasound probe. 
R-EBUS works with a guide sheath (GS), which serves 
as a path for sampling devices and facilitates post-biopsy 
bleeding control; consequently, the rate of bleeding 
complications is lower (32). We observed a high bleeding 
incidence mainly due to the absence of a GS during 
cryobiopsies since the cryoprobe could not pass through 
the GS. However, the use of R-EBUS led to no case of 
severe bleeding. TBLC was performed immediately after 
TBLB without chest X-ray examination, and either above-
mentioned procedure could have resulted in complications, 
including pneumothorax. Nonetheless, the complication 
rate was not higher than that in literature, which is 
suggestive of the safety of TBLC.

In our study, the average age of the patients was  

Table 2 The procedure characteristics and diagnostic yield of 
TBLB and TBLC for PLC

Variables TBLB TBLC P value

Biopsy number 2 (1 to 3) 4 (3 to 6) 0.000

Biopsy size (mm) 3.7±0.04 8.7±0.07 0.015

Adenocarcinoma 20 24 –

Squamous cell lung cancer 3 3 –

Small cell lung cancer 3 5 –

Other malignancies 2 2 –

Diagnostic yield 77.8% 94.4% 0.003

Data were presented as mean ± SD, or median (IQR).  
Categorical variables of biopsy number and size between two 
groups were compared using t-test. Categorical variables of 
diagnostic yield were compared using Chi-squared test. P<0.05 
was considered statistically significant.
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62.5 years (range, 41.7–78.3 years), which suggests that 
TBLC is acceptable for elderly patients. For elderly patients 
with suspected PLC and progressive dyspnea, a diagnosis 
is difficult to establish since they cannot tolerate surgical 
lung biopsy or CT-guided transthoracic needle aspiration. 
Therefore, TBLC may be a promising diagnostic choice, 
and guidance with VBN and R-EBUS may improve 
the diagnostic yield and decrease the procedure-related 
complications.

There are several limitations in this study. First, since 
PLC is a relatively rare manifestation of metastatic cancer, 
our sample size was relatively small and this was a single-
center study. Second, the use of TBLB and TBLC in the 
same patient might have increased the procedure-related 
risk; additionally, it was difficult to identify the operation 
responsible for the risk. There is a need for a randomized 
controlled trial to evaluate the diagnostic rate and risk of 
TBLB and TBLC.

Conclusions

In summary, our findings indicate that TBLC could increase 
the diagnostic yield of PLC with safety assurance through 
guidance using VBN and R-EBUS. Randomized controlled 
trials should evaluate the diagnostic rate and risk of TBLB 
and TBLC in the future.
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