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Abstract

Background.—Endobronchial ultrasound (EBUS) transbronchial needle aspiration (TBNA) 

has a high diagnostic yield when evaluating mediastinal and hilar lymphadenopathy (LAD). 

Having previously demonstrated the safety of EBUS-guided cautery-assisted transbronchial nodal 

forceps biopsy (ca-TBFB), we report disease-specific improvements in diagnostic yield and tissue 

acquisition when supplementing the EBUS-TBNA–based standard ofcare (SOC) with ca-TBFB.

Methods.—We retrospectively reviewed 213 patients who sequentially underwent SOC and 

ca-TBFB during the same procedure. We determined 3 clinical scenarios of interest based 

on preprocedural imaging: isolated mediastinal/hilar LAD, LAD associated with a nodule or 

mass suspicious for malignancy, and LAD associated with parenchymal findings suggestive of 

sarcoidosis. Using validated methods, we assessed diagnostic yield on a per-patient basis and 

specimen quality on a per-node basis on the 136 patients meeting diagnostic criteria.
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Results.—Administration of disease-specific SOC with ca-TBFB yielded gains that varied by 

diagnosis. Diagnostic yields of SOC and its supplementation with ca-TBFB were 91.8% and 

93.4% (P = .50) of the 61 patients diagnosed with solid-organ malignancy, 62.7% and 94.9% (P 
< .001) of the 59 patients diagnosed with sarcoidosis, and 62.5% and 93.8% (P = .042) of the 

16 patients diagnosed with lymphoma, the. For each disease process, specimens obtained with 

ca-TBFB exhibited statistically higher quality.

Conclusions.—We suggest that relative to SOC, ca-TBFB improves diagnostic yield for 

sarcoidosis and lymphoma while providing uniformly better tissue quality and cellularity. We 

propose a protocol for use of this innovative technique.

Mediastinal and hilar lymphadenopathy (LAD) are frequently encountered, and according 

to American College of Chest Physicians (ACCP) guidelines, endobronchial ultrasound 

(EBUS) transbronchial needle aspiration (TBNA) is considered standard of care (SOC) 

for tissue acquisition in such patients.1 Its yield varies depending on the clinical scenario, 

with diagnostic sensitivity for isolated mediastinal LAD (25% to 89%)2,3 and lymphoma 

(38% to 91%)4–7 being quite variable. The sensitivity for lung cancer is 88% to 93%8–10 

and for sarcoidosis has been reported as 79%.11 After nondiagnostic EBUS-TBNA, 

mediastinoscopy is often recommended, although it incurs more complications and higher 

costs.12

Substantive limitations of EBUS-TBNA are well acknowledged. Labarca and colleagues13 

demonstrated that EBUS-TBNA–derived tissue has a high yield for molecular analysis 

of epidermal growth factor receptor and anaplastic lymphoma kinase mutations and 

acknowledged that its suitability for next-generation sequencing is uncertain.

To diagnose sarcoidosis, specimens from additional bronchoscopic techniques, such 

as endobronchial and transbronchial biopsies, are often required. We consider these 

to be disease-specific diagnostic procedures that are part of standard of care (SOC) 

when combined with EBUS-TBNA.14 Although rarely occurring, pneumothorax may be 

associated with respiratory distress or a need for hospitalization. Finally, given the smaller 

specimens obtained relative to those from traditional surgical excision and “core biopsies,” 

questions remain about the efficacy of EBUS-TBNA for the diagnosis of lymphoma, 

especially Hodgkins, subtype and grade.7 Whether the newer, larger 19-gauge needles confer 

an advantage over smaller needles is the subject of ongoing investigation.15–17

The use of EBUS for extracting lymph node biopsy specimens with forceps rather than 

with needle aspiration has been described, and results suggest that the combination of 

both techniques improves yield over SOC alone.18–20 In a significant number of patients, 

however, the forceps encounter resistance and consequently does not pass reliably through 

the bronchial wall and into the targeted lymph node.21 Novel instruments to obtain core 

biopsy specimens, such as the ProCore needle (Cook Medical, Bloomington, IN), are being 

studied.22 The direct processing of formalin-fixed specimens as core biopsies has also been 

proposed.23

To circumvent concerns with insufficient tissue obtained with TBNA, our goal in this 

study was to supplement tissue collection with a previously described EBUS-guided 
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cautery-assisted transbronchial forceps biopsy (ca-TBFB) technique. We hypothesized 

that combining the current SOC of EBUS-TBNA with EBUS-guided ca-TBFB would 

increase the diagnostic yield and specimen quality in patients with solid-organ malignancy, 

sarcoidosis, and lymphoma.

We assessed the diagnostic yield of each disease-specific SOC procedure based on 3 

preexisting clinical scenarios: patients with isolated mediastinal or hilar LAD, LAD 

associated with a nodule or mass suggestive of malignancy, or LAD associated with 

parenchymal disease suggestive of sarcoidosis. In this study, disease-specific SOC based 

on EBUS-TBNA was always supplemented with ca-TBFB as a comparative diagnostic 

technique. The cellularity and tissue quality of nodal specimens obtained from SOC and 

ca-TBFB were graded using a standardized protocol.24 Based on these results, we propose 

a clinical protocol based on preprocedural diagnostic suspicion that promotes individualized 

patient care in the context of EBUS bronchoscopy.

Patients and Methods

Overall Study Design

We retrospectively reviewed patients who underwent SOC of EBUS-TBNA and concomitant 

ca-TBFB on the same lymph nodes in a tertiary care academic center between 2011 and 

2016. Procedures were performed by 2 interventional pulmonary attendings trained in this 

technique. Patients consented for the procedure, and institutional approval was obtained for 

analysis under guidelines for ethical research from the Yale University Human Investigation 

Committee (#1008007224). Most procedures were performed on an outpatient basis. 

Patients were selected when sarcoidosis or lymphoma were in the differential diagnosis 

and when tissue beyond TBNA was requested in patients with probable malignancy. Select 

subgroup analysis was performed on those patients diagnosed with the index conditions.

Procedure Protocol

Sedation was accomplished using moderate sedation and typically involved a combination of 

fentanyl and midazolam, along with topical lidocaine, as previously described.25 In addition 

to SOC of EBUS-TBNA and ca-TBFB, some patients underwent bronchoalveolar lavage 

(BAL), endobronchial biopsies, transbronchial biopsies, or other bronchoscopic techniques 

based on the radiographic findings and at the discretion of the bronchoscopist. For suspected 

sarcoidosis, endobronchial biopsies were performed, and BAL specimens were sent for 

cultures. When parenchymal disease was present, transbronchial biopsies using 2.0- to 

2.8-mm fenestrated alligator forceps were performed using fluoroscopic guidance. In cases 

of suspected lymphoma, flow cytometry was requested on TBNA nodal samples. These 

techniques are supplemental to EBUS and are considered disease-specific SOC for positive 

diagnosis of each disease. These supplemental techniques were therefore grouped with 

EBUS-TBNA as a component of SOC for analysis.

White light bronchoscopy preceded EBUS evaluation. The EBUS scope (Olympus BF-

U180F with EU-ME1 processor; Olympus America Inc, Center Valley, PA) was advanced, 

and a comprehensive mediastinal and hilar evaluation was performed. Lymph nodes sized 
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greater than 5 mm were typically biopsied by TBNA because in cases of malignancy, full 

staging by EBUS-TBNA is our SOC. Patients underwent SOC of EBUS-TBNA with 20 

to 30 agitations per pass using the 21- or 22-gauge needle (Olympus NA-201Sx-4022), 

although the 19-gauge needle (Olympus NA-U402SX-4019) was used occasionally once 

commercially available. Three passes were obtained per station, and specimens were 

preserved for pathologic evaluation.

After TBNA, EBUS was again used to identify the target lymph nodes sized greater than 

10 mm. In these instances, the electrocautery knife (Olympus KD-31C-1) was advanced 

through the working channel of the EBUS scope and placed against the airway wall with 

the lymph node in view. Incisions were made at 40 W using the Erbe system (Erbe VIO 

300D-40W; Erbe USA, Inc, Marietta, GA), and the knife was seen in real time to extend 

through the airway wall and into the lymph node. After penetration of the node, the knife 

was withdrawn, and the 1.9-mm spiked fenestrated alligator forceps (Olympus FB-241K) 

was advanced through the working channel of the EBUS scope.

We relied upon ultrasound to reenter the lymph node, although occasionally the tract through 

the bronchus could be seen. Upon entering the lymph node, the forceps was opened at 

the proximal end of the node, advanced, and then closed at the distal end of the node 

for each specimen. This process was repeated using approximately 5 biopsies during 

each of 3 passes, thereby maintaining a technique comparable to that used during TBNA. 

These specimens were placed in formalin and sent to surgical pathology for analysis. This 

technique is demonstrated in the Video.

Pathologic Analysis

We analyzed the tissue samples on both per-patient and per-nodal bases. Patient-level 

diagnosis of sarcoidosis was based on the finding of noncaseating granulomas in the 

absence of infection. Patient-level diagnosis of lymphoma was based on TBNA and forceps 

histopathology to determine pathologic subsets or flow cytometry, or both, consistent 

with a monoclonal lymphocyte proliferation. In this analysis we evaluated all nodal 

specimens from all patients positively diagnosed with solid-organ malignancy, sarcoidosis, 

or lymphoma.

In all cases the pathologists making the diagnoses were different. Those who analyzed the 

TBNA specimens were different from those who examined the forceps specimens. When 

there were differences in a pathologic diagnosis, a single, blinded pathologist was asked to 

review all specimens for the patient.

Comparative Analysis of Nodal Specimen Quality

Using a validated scoring system,25 a single pathologist re-reviewed all nodal specimens 

obtained with SOC (based on EBUS-TBNA) and ca-TBFB from patients who were 

positively diagnosed with solid-organ malignancy, sarcoidosis, or lymphoma. Specimen 

quality was assessed by the amount of cellular material, background blood, degree of 

cellular degeneration and trauma, and retention of normal architecture. Quality in each 

subdomain was scored on an ordinal 0 to 2 scale where higher scores reflect higher quality, 

resulting in an overall score ranging from 0 to 8.
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Statistical Analysis

The demographic and clinically relevant characteristics of the participants are described 

using means and 95% confidence intervals (CIs) or medians and interquartile ranges for 

continuous variables and percentages for dichotomous variables. The rates of diagnostic 

yield were calculated taking the number of patients determined to have the disease with 

the index approach (SOC or ca-TBFB) as the numerator and the total number of patients 

determined to have that disease from all approaches as the denominator (endobronchial 

biopsies, transbronchial biopsies, and flow cytometry added to those from SOC and ca-

TBFB). The point estimates and 95% CIs for each rate were estimated using an intercept-

only Poisson model, and rates were compared using the exact Wilcoxon test.

The rates for each of the 3 disease processes were first determined for SOC, defined 

as TBNA supplemented with appropriate disease-specific bronchoscopic procedures. 

For malignancy, SOC consisted of TBNA alone. For sarcoidosis, SOC consisted of 

TBNA, endobronchial biopsy, BAL and transbronchial biopsy, as deemed appropriate. For 

lymphoma, SOC consisted of TBNA and flow cytometry.

To evaluate a potential explanation for the gains in diagnostic yield for sarcoidosis and 

lymphoma from supplementation with ca-TBFB, we compared the overall pathology score 

(0–8) from all nodes obtained with both approaches. After we verified that the overall 

pathology score followed a symmetric unimodal distribution, this comparison was made 

using simple linear regression with generalized estimating equations with compound 

symmetry to adjust for the multiple nodes contributed by individual patients. In all cases 

statistical significance was defined as a P value of less than .05. All analyses were performed 

using SAS 9.4 software (SAS Institute Inc, Cary, SC).

Results

Figure 1 depicts the derivation of our study sample. Our initial review consisted of 213 

patients who underwent disease-specific SOC supplemented with ca-TBFB. Of these, 37 

patients were excluded based on their radiographic findings more consistent with processes 

such as interstitial lung disease or infections for which EBUS was used. Of the 176 

remaining patients, 40 were ultimately excluded based on final diagnoses that did not 

include our index diseases, yielding our final analytic sample of 136 patients. Demographic 

and clinical characteristics of patients positively determined to have solid-organ malignancy, 

sarcoidosis, or lymphoma are presented in Table 1.

Among these 3 patient subgroups, the diagnostic yields of SOC and its supplementation 

with ca-TBFB were evaluated. For malignancy (n = 61), SOC resulted in a diagnostic 

yield of 91.8% (95% CI, 70.7%–100%) and its supplementation with ca-TBFB resulted 

in a diagnostic yield of 93.4% (95% CI, 72.1%–100%; P = .50). For sarcoidosis (n = 

59), EBUS-TBNA resulted in a diagnostic yield of 62.7% (95% CI, 45.4%–86.6%), and 

its supplementation resulted in a diagnostic yield of 94.9% (95% CI, 73.0%–100%; P < 

.001). For lymphoma (n = 16), SOC resulted in a diagnostic yield of 62.5% (95% CI, 

33.6%–100%), and its supplementation resulted in a diagnostic yield of 93.8% (95% CI, 

56.5%–100%; P =.042).
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Specimen quality was then assessed on a per-nodal analysis in patients diagnosed with 

solid-organ malignancy, sarcoidosis, or lymphoma. Because more than 1 lymph node could 

be biopsied from each patient, the total number of nodes analyzed exceeded the number 

of patients. Overall quality was evaluated by assigning an ordinal score of 0 to 2 using 

4 distinct criteria: the amount of cellular material, background blood, degree of cellular 

degeneration and trauma, and retention of normal architecture where higher scores indicate 

better quality. Figure 2 presents and compares the means (95% CIs) of the aggregate 

pathology score (range, 0–8) from all lymph nodes sampled with SOC and ca-TBFB from 

patients diagnosed with malignancy, sarcoidosis, or lymphoma and lists the corresponding 

P values. For all 3 diseases the means (95% CIs) of the aggregate pathology scores from 

the nodes obtained by ca-TBFB were significantly higher than those sampled with SOC. 

For malignancy (n = 116), nodes sampled with SOC yielded a mean score of 5.4 (95% CI, 

5.0–5.8), and nodes sampled with ca-TBFB yielded a mean score of 6.2 (95% CI, 5.9–6.6; 

P < .001). For sarcoidosis (n = 78), nodes sampled with SOC yielded a mean score of 4.3 

(95% CI, 3.6–5.0), whereas nodes sampled with ca-TBFB yielded a mean score of 7.0 (95% 

CI, 6.5–7.5; P < .001). For lymphoma (n = 44), nodes sampled with SOC yielded a mean 

score of 5.4 (95% CI, 4.9–5.8), and nodes sampled with ca-TBFB yielded a mean score of 

7.0 (95% CI, 6.6–7.5; P < .001). Figure 3 presents representative pathologic specimens for 

each condition.

As reported in Table 1, complications were extremely rare, with most attributed to 

transbronchial biopsies after careful review. Notably, because ca-TBFB was sequentially 

performed in the same setting with other diagnostic procedures, including TBNA, we could 

not assign causality to the complications. Pneumomediastinum is the only finding we have 

found to occur more frequently when ca-TBFB is performed, likely owing to the larger hole 

made in the airway. This condition is typically self-resolving and was safely managed on an 

outpatient basis.

Of the 40 patients excluded from analysis, 17 had an inflammatory condition, typically an 

interstitial lung disease with nonspecific mediastinal LAD, and 5 had infections. Of the 18 

with no clear diagnosis, only 2 had follow-up imaging that was concerning for progression 

of malignancy, although this was not definitively established in either patient. The other 

16 were alive at the conclusion of our analysis, suggesting they did not have a high-grade 

malignancy.

Comment

We found ca-TBFB increased the diagnostic sensitivity for both sarcoidosis and lymphoma 

relative to SOC alone. Owing to the excellent performance of SOC in malignancy, there 

was minimal gain in diagnostic yield. However, even in cases of malignancy, the specimens 

obtained with ca-TBFB were of higher quality. Our hypothesis that the larger specimens 

obtained with cautery enabled better preservation of tissue architecture is supported by the 

uniformly higher aggregate pathology scores exhibited across all 3 disease domains.

Strengths of this study include a novel approach to EBUS that individualizes the diagnostic 

strategy based on preprocedural radiographic findings. This study reports a large number 
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of lymph node biopsies performed with EBUS-guided large biopsy forceps. We posit that 

a preprocedural determination of the best biopsy techniques can be based on radiographic 

imaging and the plausible etiology.

This study incorporates complementary clinical, radiographic, and pathologic findings in a 

robust fashion. In cases of isolated mediastinal LAD, we now routinely supplement SOC 

with ca-TBFB for its greater sensitivity to sarcoidosis and lymphoma. For sarcoidosis, we 

also send cultures to exclude infectious etiologies and routinely perform endobronchial 

biopsies to assess for granulomatous inflammation. When parenchymal abnormalities are 

minimal, we believe ca-TBFB can be performed without the need for transbronchial 

biopsies, essentially eliminating the risk of pneumothorax. When lymphoma is suspected, in 

addition to specimens obtained with TBNA and ca-TBFB, we perform flow cytometry. Our 

proposed protocol is depicted in Figure 4.

In malignancy, next-generation sequencing is likely to become more routine, and the number 

of genes found that modify cancer cells will undoubtedly continue to expand. Although we 

routinely stage malignancy with SOC based on EBUS-TBNA, to improve specimen quality 

and quantity, we also incorporate at least 1 nodal station with samples obtained by ca-TBFB.

Limitations

Limitations of this study include its performance at a single site, its retrospective nature, and 

its reliance on a small number of people performing the biopsies. We did not use on-site 

cytology. The cautery knife creates visual artifacts that may obscure the image of the lymph 

node and thereby make maneuvering of the forceps more difficult. As such, this technique 

may not translate successfully to operators without EBUS expertise. Although we refer 

to this as a form of “advanced EBUS,” we believe it results in fewer complications than 

transbronchial biopsies, most notably the absence of pneumothorax and significant bleeding.

Although we attempted to review all nondiagnostic cases and all patients 6 months after 

the procedure, patients may have received postprocedural care elsewhere. We attempted to 

determine this by reviewing medical records in known patients and did not find anything 

to suggest a change in outcomes reported; however, a patient may have been missed during 

follow-up.

Lastly, this study does not specifically compare the diagnostic yield of SOC or ca-TBFB 

to the gold standard of mediastinoscopy. Our denominator therefore includes only those 

diagnoses made by bronchoscopic techniques and not by other methods. This analysis 

was limited to a comparison of the diagnostic yield of EBUS-TBNA–based SOC and 

its supplementation with ca-TBFB rather than when the motivation for using EBUS 

is nondiagnostic. We believe that the number of other procedures needed due to a 

nondiagnostic EBUS can be reduced by incorporating ca-TBFB when sarcoidosis and 

lymphoma are likely, but additional studies are needed.

Conclusions

We have developed a technique that improves on the diagnostic yield and specimen quality 

achievable with EBUS. Using an individualized patient approach based on preprocedural 

Ray et al. Page 7

Ann Thorac Surg. Author manuscript; available in PMC 2022 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



imaging, we propose an algorithm for use of EBUS-guided ca-TBFB that we believe to 

simultaneously optimize diagnostic yield and minimize serious complication. For isolated 

mediastinal LAD and conditions suggestive of lymphoma and sarcoidosis, we recommend 

use of ca-TBFB to improve yield. For solid-organ malignancy, we recommend ca-TBFB to 

improve the amount and quality of tissue obtained for immunohistochemistry and molecular/

next-generation sequencing analysis. Additional prospective studies are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
This study retrospectively evaluated 213 patients. We excluded patients in the final analysis 

who did not meet criteria for any of the 3 clinical radiographic findings: patients with 

isolated mediastinal lymphadenopathy (LAD), adenopathy associated with a suspicious 

nodule or mass, and adenopathy associated with other radiographic findings consistent with 

sarcoidosis. The final analysis includes patients diagnosed by bronchoscopy with solid-organ 

malignancy, sarcoidosis, or lymphoma.
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Figure 2. 
Per-nodal analysis in patients diagnosed with solid-organ malignancy, sarcoidosis, and 

lymphoma. For each patient, more than 1 lymph node was biopsied and thus the total nodes 

analyzed for specimen quality exceed the total number of patients. Each node was scored 0 

to 2 using 4 criteria to determine quality: the amount of cellular material, background blood, 

degree of cellular degeneration and trauma, and the retention of normal architecture. Higher 

scores indicate higher specimen quality. The whiskers indicate the 95% confidence interval 

(CI). Circles and squares indicate TBNA and ca-TBFB, respectively. (ca-TBFB, cautery-

assisted transbronchial nodal forceps biopsy; TBNA, transbronchial needle aspiration.)
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Figure 3. 
Representative images of specimens obtained by using (A, C, E) transbronchial needle 

aspiration (TBNA) and (B, D, F) cautery-assisted transbronchial nodal forceps biopsy (ca-

TBFB) for (A, B) lung cancer, (C, D) lymphoma, and (E, F) sarcoidosis (hematoxylin 

and eosin stain, original magnification ×200). In the final analysis, specimen adequacy and 

cellularity, and therefore, quality, was determined to be superior in specimens obtained by 

ca-TBFB compared with TBNA.
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Figure 4. 
Proposed clinical algorithm for evaluating patients with mediastinal or hilar 

lymphadenopathy (LAD) when endobronchial ultrasound (EBUS) is performed. (BAL, 

bronchoalveolar lavage; ca-TBFB, cautery-assisted transbronchial nodal forceps biopsy; 

CT, computed tomography; TBBx, transbronchial biopsy; TBNA, transbronchial needle 

aspiration.)
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