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Background: EBUS-TBNA is an integral tool in the diagnosis and staging of lung cancer and other diseases involving mediastinal lymphadenopathy. Most studies attesting to the performance of EBUS-TBNA are prospective analyses performed under strict protocols. The objective of our study was to compare the accuracy of EBUS-TBNA to surgery in diagnosing hilar and mediastinal pathologies in a tertiary hospital, staffed by pulmonologists with and without formal interventional pulmonary training.

Methods: We retrospectively analyzed subjects who underwent EBUS-TBNA followed by a confirmatory surgical procedure from January 2012 to December 2018. The primary outcome was to evaluate the accuracy of EBUS-TBNA in the diagnosis of all mediastinal disease. Secondary analyses determined the accuracy of EBUS-TBNA in cancer, NSCLC, and non-malignant lesions individually.

Results: One hundred and forty-three subjects had an EBUS-TBNA procedure followed by surgery. EBUS-TBNA for all pathologies had an accuracy of 81.2% (CI 95% 73.8–87.4) and sensitivity of 55.1% (CI 95% 41.5–68.3). The accuracy and sensitivity of individual groups were: cancer (81.7, 48.8%), NSCLC (84, 48.3%), and non-malignancy (78.9, 60%). The NSCLC group had 15 false negatives and 5 (33.3%) of them were due to non-sampling of EBUS accessible nodes. Missed sampling led to a change in the final staging in 8.6% of NSCLC subjects.

Conclusion: The accuracy of EBUS-TBNA across all groups was comparable to those reported previously. However, the sensitivity was comparatively lower. This was primarily due to the large number of EBUS-TBNA accessible lymph nodes that were not sampled. This data highlights the need for guidelines outlining the best sampling approach and lymph node selection.
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INTRODUCTION

Lung cancer is the leading cause of cancer death in both men and women in the United States. More than 225,000 new diagnoses and 160,000 deaths due to lung cancer occur annually in the United States (1). In many subjects, Mediastinal lymph node evaluation is required to pathologically stage lung cancer in order to determine the appropriate subsequent treatment modalities, including the decision to offer potentially curative surgery. Other malignancies and benign pathologies like sarcoidosis (2) can also require mediastinal and hilar lymph node biopsies. Since its introduction for clinical use in 2002, Endobronchial Ultrasound- transbronchial needle aspiration [EBUS-TBNA] has been extensively utilized for the evaluation of mediastinal and hilar lymph nodes as well as endobronchial lesions (3, 4). Compared to mediastinoscopy, the gold standard for mediastinal LN sampling, EBUS-TBNA is less invasive, can be performed on an outpatient basis with moderate sedation and can be used to sample hilar lymph nodes (5).

As with any medical advancement, EBUS-TBNA has its own limitations. EBUS-TBNA cannot sample all the lymph nodes stations and the success of the technique depends on the provider's skills (6). However, EBUS-TBNA has consistently shown >95% accuracy in diagnosis and staging of lung cancer in multiple prospective protocol-based studies (7, 8). The accuracy of EBUS-TBNA in the detection of mediastinal metastasis from extra-thoracic malignancy and lymphoma was between 85–95% (9–12) and 91–97% (13), respectively. The EBUS-TBNA for the diagnosis of sarcoidosis had an accuracy of 79% (71–86) (14).

A drawback of these studies is that most of them report accuracy based on clinic-radiological follow-up without comparison to the gold standard of surgical biopsy, which might result in overestimation of accuracy. Studies on the real-life evaluation of the accuracy of the procedure by comparison with the surgical lymph node biopsy are limited. We aimed to evaluate the performance of EBUS-TBNA in diagnosing both malignant and benign lesions, at a tertiary hospital with bronchoscopists with and without formal interventional bronchoscopy training. We compared the results of EBUS-TBNA with those of mediastinoscopy or intrapleural surgery that evaluated mediastinal LNs.



METHODS

We conducted a retrospective, observational study analyzing all the subjects who underwent EBUS-TBNA of mediastinal and hilar lymph nodes followed by surgical intervention (mediastinoscopy and/or lymph node dissection) at the University of Miami Hospital (UMH) and the Miami Veterans Affairs (VA) medical center from first of January 2012 through end of December 2018. Pulmonologists at both hospitals are employed by the University of Miami.

In the VA setting, EBUS-TBNA is performed under general endotracheal anesthesia and in the University Hospital setting, the procedure is performed only under moderate sedation. All the EBUS-TBNA procedures were performed by pulmonologists.

EBUS-TBNA was performed using Olympus (BF-UC180F both at Miami VA and UMH) equipment. Selective sampling of lymph nodes by EBUS-TBNA was performed based on discussions between the pulmonologists and thoracic surgeons. If EBUS-TBNA was positive for mediastinal LN involvement, those cases were discussed at tumor board for consideration of induction therapy if single station and non-bulky (<3 cm) lymph nodes and considered for definitive chemotherapy-radiotherapy if multi-station or bulky lymph nodes. If EBUS-TBNA was negative, the same criteria as described above was used for selective mediastinal staging through mediastinoscopy before anatomic resection. Lymph node dissection of N1 and N2 was routinely performed in all surgeries for lung cancer.

EBUS-TBNA cytology was performed as previously reported (2). Surgical blocks were performed as standard procedure for surgical and EBUS tissue biopsies. Final reports of EBUS-TBNA and surgical biopsies were compared. Cytology and tissue slides were reviewed by staff pathologists located at each hospital separately.

All subjects who underwent EBUS-TBNA in both the centers were maintained in a separate directory. Medical records of each subject was reviewed to identify individuals who underwent surgical procedures following EBUS-TBNA. Only those who were subjected to subsequent surgical procedures were included in this study. Subjects who did not have a surgical procedure following EBUS-TBNA and subjects who did not have lymph nodes sampled during surgery or EBUS-TBNA were excluded from the study.


Statistical Analysis

Descriptive variables, including demographics, EBUS-TBNA, and surgical procedures, were reported in numbers and percentages. We described the EBUS-TBNA test characteristics in comparison to surgery by calculating sensitivity and specificity and test relevance by calculating the positive predictive value (PPV) and negative predictive value (NPV). True positives (TP) were defined as LNs with the same pathological diagnosis in EBUS-TBNA and surgery and true negatives (TN) were defined as LNs without pathological findings in both EBUS-TBNA and surgery. False negatives (FN) were defined as either EBUS-TBNA finding an absence of disease in an LN but the presence of disease on surgical evaluation or EBUS failing to sample accessible pathological lymph node. False positives (FP) were defined as EBUS-TBNA finding disease that was not seen in the pathology from surgical specimens. Accuracy of EBUS-TBNA was defined as the ability to correctly diagnose the presence or absence of pathology in lymph nodes and calculated by an equation TP+TN/TP+TN+FP+FN. Our primary outcome was to define the accuracy of EBUS-TBNA in detecting any type of pathology in mediastinal and hilar lymph nodes. Secondary outcomes evaluated the accuracy of EBUS separately in the diagnosis of cancer, NSCLC and non-malignant lesions individually.




RESULTS

A total of 948 subjects underwent EBUS-TBNA during the study period, of which 143 had a subsequent surgical procedure. From the remaining 805, 218(27%) had negative EBUS-TBNA sampling of lymph nodes, 304 (37.7%) had NSCLC, 50 (6.2%) SCLC, and 117 (14.5%) had other malignancies (lymphomas, carcinoid, metastasis from extra-thoracic disease). One hundred and sixteen (14.4%) patients had non-cancer diagnosis. In the 143 subjects, 117(81.8%) had PET/CT, and 26(18.2%) had only CT before EBUS-TBNA procedure. Four subjects were not included in the final analysis as the lymph nodes identified with pathology on surgery were not accessible by EBUS-TBNA (Intraparenchymal nodes and stations 5, 6, 8, 9). The mean interval between EBUS-TBNA and the surgical procedure was 39 days (ranging from 2 to 142 days). The demographics of the study group are shown in the table below (Table 1).


Table 1. Demographics and procedure details.
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Of the 139 subjects appropriate for analysis, 124 subjects (86.7%) had a primary diagnosis of cancer and 19 subjects (13.3%) had non-malignant lesions (Figure 1).


[image: Figure 1]
FIGURE 1. Flow chart showing breakdown of all EBUS cases.



Overall Accuracy of EBUS-TBNA

For all 139 subjects, our data found 32 true positives (23%), 26 false negatives (18.7%), and 81 (58.3%) true negatives. There were no false positives. Data analysis found the sensitivity was 55.1% (CI 95% 41.5–68.3), specificity was 100%, was PPV 100%, NPV was 75.7% (CI 95% 70–80.5) and accuracy was 81.2% (CI 95% 73.8–87.4).



EBUS-TBNA in Detecting Cancer

Of the 120 (86.3%) subjects with a diagnosis of cancer, the number of true positives was 21 (17.5%), false negative was 22 (18.3%) and true negative was 77 (64.2%). The sensitivity, specificity, PPV, NPV, and accuracy of EBUS-TBNA for cancer was 48.8% (CI 95% 33.3–64.5), 100%, 100%, 77.8% (CI 95% 72.3–82.4) and 81.7% (CI 95% 73.6–88.1), respectively (Figure 2). On further analysis of the 22 false negative lesions, we found 7 lymph nodes (32%) where surgical evaluation found malignancy in EBUS-TBNA accessible lymph nodes but were not sampled during bronchoscopy. The lymph node stations not sampled include 4L,4R and 7 (in 2 subjects), 10L,10R and 11R (in 2 subjects) and 12R in one subject.
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FIGURE 2. Flow chart showing cancer subtypes in subject who underwent EBUS-TBNA.




EBUS-TBNA in Detecting NSCLC

Out of 139 subjects, 94 (67.6%) had NSCLC as the primary diagnosis. Of the primary tumors, 33.3% originated in the right upper lobe (RUL), 21.9% in the left upper lobe (LUL), 10.4% in the right middle lobe (RML), 15.6% in the right lower lobe (RLL) and 18.7% in the left lower lobe (LLL). Data revealed 14 true positives (14.9%), 15 false negatives (15.9%), and 65 true negatives 65 (69.1%). Among the false negatives, 5/15 (33.3%) were due to non-sampling of EBUS accessible lymph nodes. Statistically, EBUS-TBNA for NSCLC had a sensitivity of 48.3% (CI 95% 29.5–67.5), specificity of 100%, PPV of 100%, NPV of 81.2% (CI 95% 75.3–86), and accuracy of 84% (CI 95% 75–90.8). The locations of the primary tumor were fairly evenly distributed in the false positives; 22% in RML, 11% in RLL, 16.7% in RML, 27.8% in LUL and 22% in LLL.

Among true positive subjects, we further analyzed to identify the proportion of cases where EBUS-TBNA showed the highest station of lymph node involved in NSCLC. Out of 14 True positives, 10 showed the highest stage of NSCLC on EBUS. In 4 subjects, EBUS-TBNA showed involvement of only N1 station, but surgery showed involvement of N2 nodes (LN 7 in three subjects and LN 4R in one subject). Only 1 had the concerned N2 node punctured on EBUS. The other 3 did not have the involved N2 lymph node sampled (Figure 3).


[image: Figure 3]
FIGURE 3. Flow chart showing EBUS-TBNA performance in NSCLC and comparison of EBUS staging with surgical staging.




Effect of Missed Lymph-Node Sampling

With the number of lymph nodes not sampled in EBUS-TBNA in consideration, we further analyzed the effect of missed EBUS biopsy in both true positive and false negative subjects and compared the EBUS-TBNA and final surgery staging for NSCLC. In total, 11 NSCLC subjects had a surgical procedure diagnose disease in lymph nodes not sampled by EBUS-TBNA. In 3 subjects (27.3%), the involved stations in surgery was the same N staging compared to EBUS-TBNA and were excluded. In the remaining 8 subjects (72.7%), surgery showed newly diagnosed N1 or N2 disease compared to EBUS-TBNA. This resulted in a change of final staging in 7/8 (87.5%) of these subjects (Table 2).


Table 2. Effect of Lymph node not sampled on EBUS on staging.
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EBUS-TBNA in Detecting Non-cancer

Nineteen (13.7%) out of 139 subjects had non-malignant lesions on final diagnosis. 12 subjects (63.1%) had granulomas and the remaining had infection and nonspecific inflammation. There were 6 true positives (31.6%), 4 false negatives (21%), and 9 true negatives (47.4%). The performance of EBUS in non-malignant disease found a sensitivity of 60% (CI 95% 26.2–87.8), specificity of 100%, PPV of 100%, NPV of 69.2% (CI 95% 51.3–82.8), and an accuracy of 78.9% (CI 95% 54.4–93.9). The 4 false-negative LNs on EBUS-TBNA here were found to have granulomas on surgical pathology.

Among the 143 subjects, only 11 had core biopsies done in the EBUS procedure. Only 2 subjects had a pathological diagnosis in core biopsy which was negative in TBNA cytology, with one patient having mini-forceps biopsy of station 8 diagnostic of carcinoid and one patient having mini-forceps biopsy of station 12R diagnostic of metastatic renal cell carcinoma.




DISCUSSION

The results of our study show that EBUS-TBNA had an accuracy of 81.2% in the diagnosis of mediastinal and hilar lymph node pathology. Disease-specific accuracy was 81.7%, 84% and 78.9% in the diagnosis of cancer, NSCLC and non-cancer lesions, respectively. The accuracy achieved was largely comparable with those reported in literature (14–17). The sensitivities for all pathologies, cancer, NSCLC and non-cancer were 55.1, 48.8, 48.3, and 60%, respectively. The NPV for all pathologies, cancer, NSCLC and non-cancer were 75.7, 77.8, 81.2, and 69.2%, respectively.

The paramount utility of EBUS-TBNA is for the identification of lymph nodal metastasis in NSCLC, and the sensitivity of EBUS-TBNA in regards to this varies widely, with various studies reporting sensitivity ranging from 46 to 96% (18, 19). The sensitivity from our study across all groups was indeed lower than most reported in the literature.

One reason for such a result is the relatively high number of lymph nodes that were involved in pathology but were not sampled by EBUS-TBNA, leading to a false-negative result. In 8 subjects with NSCLC, EBUS-TBNA did not sample the lymph node that was positive on surgery. Apart from a high false-negative rate, the effect of missed lymph node sampling also resulted in surgical upstaging of cancer in 7 subjects with NSCLC. All of them had PET/CT before EBUS-TBNA but uptake in the metastatic lymph node was seen in only 3 of the subjects and CT showed enlarged lymph node larger than 1cm in 3 of them. In 3 subjects who had PET-positive lymph nodes, EBUS-TBNA sampled LN 11R, 8, 13R, and 2R, whereas surgery showed involvement of LN 10R, 7,12R and 4R, respectively. In one subject where CT alone identified enlarged infra-hilar lymph node of size 1.9 cm, EBUS-TBNA sampled 11L (negative) but surgery identified cancer in 10L.

The smallest lymph node metastasis identified on surgery was 8 mm in size on imaging. A systemic approach by the sampling of all mediastinal and hilar lymph nodes larger than 5 mm rather than a “targeted approach” whereby only abnormal lymph nodes seen on imaging are sampled, may result in fewer missed lymph nodes and thereby improved sensitivity. This approach has shown to reduce the number of subjects requiring upstaging after surgical procedure (20). Sampling of nodes in the order of N3 to N1 station is also recommended to avoid false diagnosis of higher stage of lung cancer (21). The major drawback is the prolonged procedure time (22).

Another reason for the low sensitivity of EBUS-TBNA in our study could be our rigorous study methodology. An analysis of six review articles/meta-analysis of EBUS showed that only 16.3% (7/43) were retrospective studies. All the others were prospective studies with strict protocols. Most of these studies report EBUS-TBNA performance based on clinico-radiological comparison and follow-up, rather than comparing it with pathology results from surgical sampling. Moreover, several studies attesting the accuracy of EBUS comes from a small group of authors, all interventional pulmonologists (18, 23–27). In the above mentioned six review articles describing the sensitivity of EBUS-TBNA, 43 individual studies were analyzed. The total number of authors was only 30, and 37% of the studies were from authors with multiple studies (16/43). This illustrates considerable expertise in the field. Hence, generalizing those results to the real world, especially in teaching and community hospitals where a substantial amount of training and learning period is involved, may not show the most accurate picture. One more aspect to consider is publication bias, as many authors who concur poor results from their studies hesitate to report them (28).

In the 4 subjects where lymph nodes were not accessible by EBUS-TBNA, one was intraparenchymal. The other nodes that were inaccessible were 5,6,8 and 9 the latter two of which can be reached using EUS-FNA (23). Studies have demonstrated that combined use of EBUS and EUS can improve sensitivity in detecting mediastinal metastasis (19). However, none of the subjects in our study underwent EUS.

The use of EBUS-TBNA in the diagnosis of mediastinal and hilar lymph node pathology has become more and more prevalent due to its lower cost, less invasiveness and fewer adverse events compared to surgical lymph node sampling. Combined with high accuracy, it makes for the ideal first step in the diagnosis of pathology in mediastinal and hilar lymph nodes. The main aim of our study was to identify the performance of EBUS-TBNA by comparing it with surgical pathology outcomes in a tertiary hospital setting where no protocols and guidelines of prospective studies are involved. This study highlights the fact that in centers where guidelines are not followed thoroughly, the outcomes are clearly inferior. We strongly encourage that hospitals and providers must follow the latest guidelines defined for selection and sampling of lymph nodes for EBUS-TBNA (21, 29, 30).

Our study has the limitations pertinent to retrospective studies. Some of the patients had an interval of more than 3 months between EBUS-TBNA and surgical confirmation due to unavoidable circumstances and this might have affected the results. Also, as with any endoscopic procedure, the probability of missing small foci of metastasis on EBUS-TBNA also needs to be considered.



CONCLUSION

As EBUS-TBNA sampling of Mediastinal and hilar lymph node for pathological diagnosis and cancer staging becomes commonplace, more evaluation of its performance in conventional hospital settings is needed. Even though the performance of EBUS-TBNA in our center had a satisfactory accuracy of 81.2% for all pathologies, the low sensitivity was a cause for concern. This is especially imperative in lung cancer, where critical treatment decisions are made based on EBUS-TBNA results. Guidelines describing the best sampling approach and lymph node size threshold for needle puncture should be followed to achieve better outcomes.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/supplementary material.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by University of Miami Institutional review board. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

MM and MSM were involved in data collection, study design, analysis, preparation and review of manuscript. ED and SA were involved in data collection and review of manuscript. NV, DN, and GH were involved in review of manuscript.



REFERENCES

 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. (2016) 66:7–30. doi: 10.3322/caac.21332

 2. Plit ML, Havryk AP, Hodgson A, James D, Field A, Carbone S, et al. Rapid cytological analysis of endobronchial ultrasound-guided aspirates in sarcoidosis. Eur Respir J. (2013) 42:1302–8. doi: 10.1183/09031936.00128312

 3. Yasufuku K, Chiyo M, Sekine Y, Chhajed PN, Shibuya K, Iizasa T, et al. Real-time endobronchial ultrasound-guided transbronchial needle aspiration of mediastinal and hilar lymph nodes. Chest. (2004) 126:122–8. doi: 10.1378/chest.126.1.122

 4. Nakajima T, Yasufuku K, Fujiwara T, Chiyo M, Sekine Y, Shibuya K, et al. Endobronchial ultrasound-guided transbronchial needle aspiration for the diagnosis of intrapulmonary lesions. J Thorac Oncol. (2008) 3:985–8. doi: 10.1097/JTO.0b013e31818396b9

 5. Canneto B, Ferraroli G, Falezza G, Infante MV. Ideal conditions to perform EBUS-TBNA. J Thorac Dis. (2017) 9(Suppl. 5):S414–S7. doi: 10.21037/jtd.2017.04.64

 6. Jalil BA, Yasufuku K, Khan AM. Uses, limitations, and complications of endobronchial ultrasound. Proc (Bayl Univ Med Cent). (2015) 28:325–30. doi: 10.1080/08998280.2015.11929263

 7. Yasufuku K, Nakajima T, Motoori K, Sekine Y, Shibuya K, Hiroshima K, et al. Comparison of endobronchial ultrasound, positron emission tomography, and CT for lymph node staging of lung cancer. Chest. (2006) 130:710–8. doi: 10.1378/chest.130.3.710

 8. Hwangbo B, Kim SK, Lee HS, Lee HS, Kim MS, Lee JM, et al. Application of endobronchial ultrasound-guided transbronchial needle aspiration following integrated PET/CT in mediastinal staging of potentially operable non-small cell lung cancer. Chest. (2009) 135:1280–7. doi: 10.1378/chest.08-2019

 9. Sanz-Santos J, Cirauqui B, Sanchez E, Andreo F, Serra P, Monso E, et al. Endobronchial ultrasound-guided transbronchial needle aspiration in the diagnosis of intrathoracic lymph node metastases from extrathoracic malignancies. Clin Exp Metastasis. (2013) 30:521–8. doi: 10.1007/s10585-012-9556-3

 10. Navani N, Nankivell M, Woolhouse I, Harrison RN, Munavvar M, Oltmanns U, et al. Endobronchial ultrasound-guided transbronchial needle aspiration for the diagnosis of intrathoracic lymphadenopathy in patients with extrathoracic malignancy: a multicenter study. J Thorac Oncol. (2011) 6:1505–9. doi: 10.1097/JTO.0b013e318223c3fe

 11. Santos V, Sucena M, Magalhães A, Fernandes G. Endobronchial ultrasound-guided transbronchial needle aspiration in mediastinal staging of extrathoracic neoplasm. Eur Resp J. (2014) 44(Suppl 58):P3727.

 12. Özgül M, Çetinkaya E, Tutar N, Özgül G, Onaran H, Bilaçeroglu S. Endobronchial ultrasound-guided transbronchial needle aspiration for the diagnosis of intrathoracic lymphadenopathy in patients with extrathoracic malignancy: A study in a tuberculosis-endemic country. J Cancer Res Ther. (2013) 9:416–21. doi: 10.4103/0973-1482.119323

 13. Erer OF, Erol S, Anar C, Aydogdu Z, Özkan SA. Diagnostic yield of EBUS-TBNA for lymphoma and review of the literature. Endosc Ultrasound. (2017) 6:317–22. doi: 10.4103/2303-9027.180762

 14. Agarwal R, Srinivasan A, Aggarwal AN, Gupta D. Efficacy and safety of convex probe EBUS-TBNA in sarcoidosis: A systematic review and meta-analysis. Resp Med. (2012) 106:883–92. doi: 10.1016/j.rmed.2012.02.014

 15. Ye T, Hu H, Luo X, Chen H. The role of Endobronchial ultrasound guided transbronchial needle aspiration (EBUS-TBNA) for qualitative diagnosis of mediastinal and hilar lymphadenopathy: a prospective analysis. BMC Cancer. (2011) 11:100. doi: 10.1186/1471-2407-11-100

 16. Guarize J, Casiraghi M, Donghi S, Diotti C, Vanoni N, Romano R, et al. Endobronchial ultrasound transbronchial needle aspiration in thoracic diseases: much more than mediastinal staging. Can Resp J. (2018) 2018:7:4269798. doi: 10.1155/2018/4269798

 17. Tupayachi MG, Hosein PJ, Nguyen DM, Thurer RT, Garcia MT, Raez LE, et al. Accuracy of endobronchial ultrasound-directed transbronchial needle aspiration (EBUS-TBNA) for diagnosis of mediastinal lymphadenopathy in patients with suspected malignancy. CHEST. (2010) 138:427A. doi: 10.1378/chest.10801

 18. Inage T, Nakajima T, Yoshino I. Staging lung cancer: role of endobronchial ultrasound. Lung Cancer (Auckl). (2014) 5:67–72. doi: 10.2147/LCTT.S46195

 19. Korevaar DA, Crombag LM, Cohen JF, Spijker R, Bossuyt PM, Annema JT. Added value of combined endobronchial and oesophageal endosonography for mediastinal nodal staging in lung cancer: a systematic review and meta-analysis. Lancet Respir Med. (2016) 4:960–8. doi: 10.1016/S2213-2600(16)30317-4

 20. Leong TL, Loveland PM, Gorelik A, Irving L, Steinfort DP. Preoperative staging by EBUS in cN0/N1 lung cancer: systematic review and meta-analysis. J Bronchology Interv Pulmonol. (2018) doi: 10.1097/LBR.0000000000000545

 21. De Leyn P, Dooms C, Kuzdzal J, Lardinois D, Passlick B, Rami-Porta R, et al. Revised ESTS guidelines for preoperative mediastinal lymph node staging for non-small-cell lung cancer. Eur J Cardiothorac Surg. (2014) 45:787–98. doi: 10.1093/ejcts/ezu028

 22. Evison M, Crosbie P, Navani N, Callister M, Rintoul RC, Baldwin D, et al. How should performance in EBUS mediastinal staging in lung cancer be measured? Br J Cancer. (2016) 115:e9. doi: 10.1038/bjc.2016.253

 23. Gomez M, Silvestri GA. Endobronchial ultrasound for the diagnosis and staging of lung cancer. Proc Am Thor Soc. (2009) 6:180–6. doi: 10.1513/pats.200808-081LC

 24. Adams K, Shah PL, Edmonds L, Lim E. Test performance of endobronchial ultrasound and transbronchial needle aspiration biopsy for mediastinal staging in patients with lung cancer: systematic review and meta-analysis. Thorax. (2009) 64:757–62. doi: 10.1136/thx.2008.109868

 25. Gu P, Zhao Y-Z, Jiang L-Y, Zhang W, Xin Y, Han B-H. Endobronchial ultrasound-guided transbronchial needle aspiration for staging of lung cancer: a systematic review and meta-analysis. Eur J Cancer. (2009) 45:1389–96. doi: 10.1016/j.ejca.2008.11.043

 26. Varela-Lema L, Fernandez-Villar A, Ruano-Ravina A. Effectiveness and safety of endobronchial ultrasound-transbronchial needle aspiration: a systematic review. Eur Respir J. (2009) 33:1156–64. doi: 10.1183/09031936.00097908

 27. Chandra S, Nehra M, Agarwal D, Mohan A. Diagnostic accuracy of endobronchial ultrasound-guided transbronchial needle biopsy in mediastinal lymphadenopathy: a systematic review and meta-analysis. Resp Care. (2012) 57:384–91. doi: 10.4187/respcare.01274

 28. Mlinarić A, Horvat M, Šupak Smolčić V. Dealing with the positive publication bias: Why you should really publish your negative results. Biochem Med (Zagreb). (2017) 27:30201. doi: 10.11613/BM.2017.030201

 29. Dietrich CF, Annema JT, Clementsen P, Cui XW, Borst MM, Jenssen C. Ultrasound techniques in the evaluation of the mediastinum, part I: endoscopic ultrasound (EUS), endobronchial ultrasound (EBUS) and transcutaneous mediastinal ultrasound (TMUS), introduction into ultrasound techniques. J Thorac Dis. (2015) 7:E311–E25. doi: 10.3978/j.issn.2072-1439.2015.09.40

 30. Jenssen C, Annema JT, Clementsen P, Cui XW, Borst MM, Dietrich CF. Ultrasound techniques in the evaluation of the mediastinum, part 2: mediastinal lymph node anatomy and diagnostic reach of ultrasound techniques, clinical work up of neoplastic and inflammatory mediastinal lymphadenopathy using ultrasound techniques and how to learn mediastinal endosonography. J Thorac Dis. (2015) 7:E439–58. doi: 10.3978/j.issn.2072-1439.2015.10.08

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Murthi, Donna, Arias, Villamizar, Nguyen, Holt and Mirsaeidi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-07-00118-t002.jpg
LN (+)on LNseen Size LNseenon Size Staging- Staging- EBUS-

Surgery onCT PET EBUS surgery surgery
staging
1L N - N - TANOMO T4N1 BAto3A
10L Y 1.9cm N - T3NOMO T3N1 2Bto3A
10R Y 08cm YSUV-82 - TIeNO TieN1 1Ato28
7 N 1om N - T3t T8N2 BAtoS3B
12R NA N - T2NOMO T2N1MO 2Ato28
7R N N YAN LN T2aNO  T2aN2 2Ato3A
7-8UV-8.5, 7-1cm
LN 11R-SUV
32
R N f4cm YSUVB9 NA  T2NI T2N2 2Bto3A

7 NA - N - T3N1  T3N2 BAto3B





OPS/images/fmed-07-00118-g003.gif
o Tongan romgu

S potvr
e I P

ey ey

S i

Sy romn Sy romge
oty wopselc

T Tisorw.






OPS/images/fmed-07-00118-t001.jpg
Mean Age
Sex

Male

Female

Ethnicity

European-American

Affican-American

Latino

Asian

Other

Number of Lymph nodes sampled Per EBUS

Qs W N =

Total number of lymph nodes sampled
Average lymph node per EBUS

67 (22-89)

87
56

64
13

59
>

5

42
46
42
12
1
315
22





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Diagnostic Accuracy of Endobronchial Ultrasound-Guided Transbronchial Needle Aspiration (EBUS-TBNA) in Real Life



		Introduction



		Methods



		Statistical Analysis







		Results



		Overall Accuracy of EBUS-TBNA



		EBUS-TBNA in Detecting Cancer



		EBUS-TBNA in Detecting NSCLC



		Effect of Missed Lymph-Node Sampling



		EBUS-TBNA in Detecting Non-cancer







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Diagnostic Accuracy of
Endobronchial Ultrasound-Guided
Transbronchial Needle Aspiration

(EBUS-TBNA) in Real Life





OPS/images/fmed-07-00118-g001.gif
=
==

i

B






OPS/images/fmed-07-00118-g002.gif
R

{ 1 1 1 1 1










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





