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Background: New transbronchial needle aspiration (TBNA) technologies have been developed, but
their clinical effectiveness and determinants of diagnostic yield have not been quantified. Pro-
spective data are needed to determine risk-adjusted diagnostic yield.

Methods: We prospectively enrolled patients undergoing TBNA of mediastinal lymph nodes in the
American College of Chest Physicians Quality Improvement Registry, Evaluation, and Education
(AQuIRE) multicenter database and recorded clinical, procedural, and provider information. All
clinical decisions, including type of TBNA used (conventional vs endobronchial ultrasound-
guided), were made by the attending bronchoscopist. The primary outcome was obtaining a spe-
cific diagnosis.

Results: We enrolled 891 patients at six hospitals. Most procedures (95%) were performed with
ultrasound guidance. A specific diagnosis was made in 447 cases. Unadjusted diagnostic yields
were 37% to 54% for different hospitals, with significant between-hospital heterogeneity
(P =.0001). Diagnostic yield was associated with annual hospital TBNA volume (OR, 1.003; 95% CI,
1.000-1.006; P = .037), smoking (OR, 1.55; 95% CI, 1.02-2.34; P = .042), biopsy of more than
two sites (OR, 0.57; 95% CI, 0.38-0.85; P =.015), lymph node size (reference >1-2 cm, =1 cm:
OR, 0.51; 95% CI, 0.34-0.77; P =.003; >2-3 cm: OR, 2.49; 95% CI, 1.61-3.85; P <.001; and >3 cm:
OR, 3.61; 95% CI, 2.17-6.00; P<.001), and positive PET scan (OR, 3.12; 95% CI, 1.39-7.01; P= 018).
Biopsy was performed on more and smaller nodes at high-volume hospitals (P <.0001).
Conclusions: To our knowledge, this is the first bronchoscopy study of risk-adjusted diagnostic yields
on a hospital-level basis. High-volume hospitals were associated with high diagnostic yields. This
study also demonstrates the value of procedural registries as a quality improvement tool. A larger
number and variety of participating hospitals is needed to verify these results and to further
investigate other determinants of diagnostic yield. CHEST 2011; 140(6):1557-1566

Abbreviations: ACCP = American College of Chest Physicians; AQuIRE = American College of Chest Physicians
Quality Improvement Registry, Evaluation, and Education; EBUS-TBNA = endobronchial ultrasound-guided trans-
bronchial needle aspiration; LN = lymph node; QI = quality improvement; TBNA = transbronchial needle aspiration

Assessing mediastinal lymph node (LN) involvement
is critical to staging and treating non-small cell lung
cancer.' CT and PET scans are useful for staging the
mediastinum but are limited by false-positive and
false-negative results. Therefore, in patients with
mediastinal LN enlargement and no evidence of dis-
tant metastasis, tissue confirmation of nodal involve-
ment is recommended.245 Transbronchial needle
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aspiration (TBNA) biopsy has been used to obtain
tissue for mediastinal staging for decades, although it
has been underused because of variations in training,
operator skill, perceived risk, and diagnostic yield.®
However, its use is increasing because of recent
advances in bronchoscopic technology. In particular,
endobronchial ultrasound-guided TBNA (EBUS-TBNA)
biopsy has been found in randomized trials to have
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excellent sensitivity and specificity for diagnosing
mediastinal LN involvement compared with conven-
tional TBNA biopsy and even mediastinoscopy.™

The importance and effectiveness of EBUS-TBNA
biopsy in clinical practice is still being evaluated.
Increasing medical costs have led to a greater need to
rigorously evaluate new technologies to justify their
expense.'*13 Recently, bronchoscopic registries have
been developed to collect data on both interventional
and diagnostic bronchoscopy.'*!5 As a result, the
American College of Chest Physicians (ACCP) has
implemented a Web-based pilot project for multiin-
stitutional databases: the ACCP Quality Improve-
ment Registry, Evaluation, and Education (AQuIRE)
program. The first AQuIRE module is a bronchoscopy
registry.

Because bronchoscopy is pivotal for staging lung
cancer and diagnosing many other diseases involving
the mediastinum, we decided to use the AQuIRE
bronchoscopy registry to evaluate TBNA biopsy. Our
primary objective was to identify factors that affect
diagnostic yield. Our secondary objectives were to
identify factors that affect the adequacy of tissue
sampling and to demonstrate the feasibility of using
registry data to generate risk-adjusted, hospital-level
diagnostic yields as a possible quality improvement
tool.

MATERIALS AND METHODS

All patients undergoing bronchoscopy with LN sampling by
TBNA biopsy were entered consecutively into the registry from
February 13, 2009, to February 28, 2010. Institutional review board
approval was obtained at each participating site, and informed
consent or a waiver of consent was obtained according to institu-
tional guidelines. All data were entered via a Web-based interface.!s
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Since this is a registry, all clinical decisions, including type of
TBNA used (conventional vs EBUS), were left to the discretion
of the attending bronchoscopist. The principal investigator for
each site was primarily responsible for data quality for that site.
Addiional quality control checks included standardized defini-
tions with hyperlinks to the definitions from the question on the
Web page, drop-down menus and buttons with minimal free
text response, ACCP staff available for prompt dilemma resolu-
tion for data entry, use of data entry controls in the interface to
limit entries to clinically plausible ranges, automated checks and
reminders for data completion, automated data validity checks to
ensure that clinically plausible data were entered (example: if
general anesthesia was used, then an airway must have been
used), and secondary data validity analysis.

Information included the following: (1) patient demographics;
(2) clinical characteristics; (3) provider information, including
physician, hospital, and annual hospital TBNA biopsy volume;
(4) procedure indication; (5) sedation information; (6) procedural
information; (7) biopsy results; and (8) complications. Clinical char-
acteristics, such as PET scan results, were based on the radiology
attending physician’s reading using the standard of practice for
that institution. The use of standard uptake values as compared
with qualitative reading of PET scans was not mandated.

The primary outcome was diagnostic yield, which was defined
as whether a specific diagnosis was made by TBNA biopsy. If no
specific diagnosis was made by TBNA biopsy, but it was made by
another method (ie, transbronchial biopsy), the TBNA biopsy
results were considered nondiagnostic. A specific TBNA biopsy
diagnosis was defined as a recognized disease (eg, non-small cell
lung cancer or sarcoidosis) on the basis of histologic, cytologic, or
microbiologic findings, as determined from TBNA biopsy speci-
mens, but did not include conditions such as nonspecific inflam-
mation. For the primary outcome, if adequate lymphocytes were
obtained but no diagnosis was made then this was considered non-
diagnostic. Outcomes were analyzed on a per-patient basis and a sec-
ondary analysis was performed on a per-LN basis.

Our secondary outcome was adequacy of sampling. Cytologic
or histologic specimens that demonstrated specific diagnoses or
adequate lymphocytes were considered adequate. If no diagnoses
were made and insufficient lymphocytes were available to verify
adequate LN sampling, the samples were considered inadequate.
Adequacy was defined on a per-LN basis.

Groups were compared using the X2 test or Fisher exact test, as
appropriate. We used the Cochran-Armitage test for trend, with
one-sided P values. We compared hierarchical models in which
hospitals were treated as higher levels with ordinary logistic
regression models of independent data by removing the hospital
variance component from the models. The hierarchical model for
diagnostic yield on a per-patient basis was specified as patients
nested within hospitals. Hospital-level variables included annual
TBNA biopsy volume. Patient-level variables included sex, smok-
ing status, number of LNs undergoing biopsy, largest LN, anes-
thesia use, and linear EBUS use. In the multivariable hierarchical
logistic regression per-LN models, we included a third level
such that LNs from the same patient were nested within that
patient. LN-level variables included size, location, on-site cytologic
evaluation use, and linear EBUS use. Patient-level variables
included sex, smoking status, anesthesia use, and number of LNs
undergoing biopsy. We decided a priori to include all variables
with P values <.2 on univariate analysis. We also used indirect
standardization to compare hospitals in terms of diagnostic yield
after adjusting for LN size. In addition, linear regression models
were used to test the association between mean number and size
of LNs compared with hospital volume. P values <.05 were
considered significant and all tests were two-sided except the
Cochrane-Armitage test; no adjustments for multiple compari-
sons were made. All statistical analyses were performed using
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SAS software, version 9.1 (SAS Institute; Cary, North Carolina)
and Intercooled Stata 9.2 (Statacorp LP; College Station, Texas).

RESULTS

Six hospitals with 11 physicians enrolled 891 patients.
Baseline demographics, clinical characteristics, and
procedural details are shown in Table 1, and diag-
noses are shown in Table 2. EBUS-TBNA was used
in 95% of the cases, and conventional TBNA was used
in the other 5%. The most common diagnosis was
malignancy, followed by sarcoidosis. The percentage
of cases with a malignant diagnosis did not signifi-
cantly differ among hospitals (P =.16). A specific
diagnosis was made by TBNA biopsy in 447 (50%)
patients. Diagnostic yield varied significantly among
hospitals, with crude (unadjusted) diagnostic yields
of 37% to 54%.

Univariate associations of clinical characteristics
with diagnostic yield on per-patient and per-LN bases
are shown in Tables 3 and 4. Homogeneity tests
demonstrated significant between-hospital variability
(P =.0001); thus, a multivariate hierarchical logistic
regression analysis was used to account for heteroge-
neity. In terms of the magnitude of effect of between-
hospital variations, OR estimates for some variables
changed significantly in hierarchical models com-
pared with ordinary logistic regression models. For
example, general anesthesia had an OR of 1.77
(P =.002) on ordinary multivariate logistic regression
analysis compared with 1.11 (P = .66) on hierarchical
logistic analysis to account for between-hospital
variability.

The results of multivariate hierarchical logistic
regression analysis of diagnostic yield on a per-patient
and per-LN bases are shown in Tables 5 and 6. On
a per-patient basis, annual hospital TBNA biopsy
volume (P =.037), smoking (P =.042), biopsy of two
or fewer LN sites (P=.015), and large LN size (over-
all P <.001) were associated with obtaining a spe-
cific diagnosis. On a per-LN basis, hospital volume
(P=.013), female sex (P =.045), smoking (P =.037),
and large LN size (overall P<.001) were associated
with obtaining a specific diagnosis. In the subset of
patients who underwent PET scanning, positive PET
scans were associated with specific diagnoses on per-
patient (P =.018) and per-LN bases (P <.001).

Sampling adequacy on a per-LN basis was 90%,
with little between-hospital variation. A univariate
analysis demonstrated that only LN size (P=.01), LN
location (P <.001), and EBUS use (P <.001) were
associated with adequacy (e-Table 1). A multivariate
hierarchical logistic regression analysis (e-Table 2)
demonstrated that only LN location other than 4L
(P<.001) and linear EBUS use (P =.006) were asso-
ciated with adequacy.

www.chestpubs.org

Table 1—Patient Demographics, Clinical
Characteristics, and Procedural Details

Variable Frequency (N =891)

62.6+13.5
456 (51):435 (49)

Age, y, mean = SD
Male:female sex

Ethnicity
American Indian or Alaskan Native 2(0.2)
Asian 29 (3.2)
African American 91 (10.2)
Hispanic or Latino 32 (3.6)
Non-Hispanic white 737 (82.7)
Comorbidity
Hypertension 440 (49.4)
COPD 204 (22.9)
Coronary artery disease 135 (15.2)
Diabetes 131 (14.7)
Congestive heart failure 32 (3.6)
Asthma 45 (5)
Chronic renal failure, no dialysis 11(1.2)
Chronic renal failure, dialysis 8(0.9)
Cerebrovascular accident 23 (2.6)
Hematologic malignancy 23 (2.6)
None of the above 280 (31.4)
Service site
Inpatient hospital 77 (8.6)
Outpatient hospital 813 (91.2)
Physician office 1(0.1)
Procedure urgency
Elective 878 (98.5)
Urgent 13(1.5)
Bronchoscopy type
Flexible 876 (98.3)
Rigid and flexible 15 (1.7)
Bronchoscopy route
Nasal 109 (12.2)
Oral 295 (33.1)
Endotracheal tube 59 (6.6)
Laryngeal mask airway 433 (48.6)
Tracheotomy tube 4(0.4)
Procedure performed
EBUS-TBNA biopsy 853 (95.7)
Conventional TBNA biopsy 38 (4.3)
Transbronchial biopsy 130 (14.6)
Endobronchial biopsy 118 (13.2)
Brush 138 (15.5)
BAL 194 (21.8)
Lymph node stations undergoing biopsy
by TBNA
1 12 (1.3)
2R 42 (4.7)
2L 4(0.4)
3 7(0.8)
4R 415 (46.6)
4L 240 (26.9)
5 7(0.8)
7 475 (53.3)
10R 94 (10.4)
10L 31(3.5)
11R 265 (29.7)
11L 203 (22.8)
12R 22 (2.5)
12L 5(0.6)

Data presented as No. (%) unless otherwise noted. EBUS-TBNA =
endobronchial ultrasound-guided transbronchial needle aspiration;
TBNA = transbronchial needle aspiration.
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Table 2—TBNA Diagnoses

Diagnosis Cases, No. (%)

Primary lung neoplasm

Small cell lung cancer 46 (10.3)
Non-small cell lung adenocarcinoma 136 (30.4)
Non-small cell lung squamous cell carcinoma 65 (14.5)
Non-small cell lung cancer, unspecified 55 (12.3)
(undifferentiated)
Carcinoid lung tumor 12 (2.7)
Other 7(1.6)
Metastatic lung neoplasm
Solid tumor with lung metastasis 44 (9.8)
Hematologic with lung metastasis 12 (2.7)
Infection
Bacterial 5(1.1)
Actinomyces 1(0.2)
Aspergillus 1(0.2)
Histoplasmosis 1(0.2)
Mycobacterium avium-intracellulare 1(0.2)
Viral 1(0.2)
Other
Sarcoidosis® 55 (12.3)
Bronchogenic cyst 3(0.7)
Other 2(0.4)

Data presented as No. (%) unless otherwise noted. See Table 1 legend
for expansion of abbreviation.

“The diagnosis of sarcoidosis required the finding of granulomatous
inflammation in the appropriate clinical context. The final diagnosis
was based on the decision of the attending pulmonologist.

To further determine how anesthesia use and
hospital volume affected practice patterns, we ana-
lyzed the association between anesthesia level and
LN number and size (Table 7). Deep or general anes-
thesia was associated with more LNs sampled per
patient (P<<.0001), smaller LNs (P<.0001), and more
frequent on-site cytologic evaluation use (P <.001).
This also held true for the subset of patients with lung
cancer (Table 8), including LNs that were =1 cm
(P =.004). High hospital volume, defined as being
above the median annual TBNA biopsy volume
per year, was also associated with sampling more LNs
per patient (P <.0001) and sampling smaller LNs
(P<<.0001) (Table 9).

To estimate risk-adjusted diagnostic yields among
hospitals, we performed indirect standardization based
on lymph node size (Table 10). Hospitals that used
deep or general anesthesia tended to have higher
TBNA volumes. Risk-adjusted diagnostic yields var-
ied from 0.35 to 0.58.

Di1scussioN

To our knowledge, this is the first prospective study
of risk-adjusted diagnostic yield for EBUS-TBNA
biopsy using multicenter registry data. Our findings
suggest that diagnostic yield varies significantly among
hospitals and is driven by patient- and hospital-level
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variables. Patient-level variables such as LN size have
been identified previously, but this is the first pro-
spective study to demonstrate a relationship between
hospital TBNA biopsy volume and diagnostic yield.
The effect of hospital volume on diagnostic yield
is important to quantify. An OR of 1.003 may seem
small, but it is important to interpret the coefficients

Table 3—Patient and Clinical Characteristics by
Diagnostic Yield Per Patient

No Specific Specific
Diagnosis Made Diagnosis Made
Characteristic (n=444) (n=447) P Value
Median age, y 64.5 64
Age,y 81
<65 222 (49.4) 227 (50.6)
=65 222 (50.2) 220 (49.8)
Sex .048
Female 202 (46.4) 233 (53.6)
Male 242 (53.1) 214 (46.9)
Ethnicity .68
Non-white 79 (51.3) 75 (48.7)
White 365 (49.5) 372 (50.5)
ASA score 57
lor2 193 (50.9) 186 (49.1)
3or4 251 (49.0) 261 (51.0)
Zubrod score 59
0 54 (49.1) 56 (50.9)
1 285 (51.1) 273 (48.9)
2-4 105 (47.1) 118 (52.9)
Smoking status .049
Never 140 (56.5) 108 (43.5)
Current 81 (46.8) 92 (53.2)
Previous 2923 (47.4) 247 (52.6)
No. of LN sites .019
undergoing biopsy
lor2 277 (47.0) 312 (53.0)
2-6 167 (55.3) 135 (44.7)
Largest LN, cm <.001
=1 125 (65.4) 66 (34.6)
>1-2 225 (53.4) 196 (46.6)
>2-3 57 (36.1) 101 (63.9)
>3 37 (30.6) 84 (69.4)
Anesthesia .08
Moderate or local 167 (53.9) 143 (46.1)
Deep or general 277 (47.7) 304 (52.3)
Ons-site cytologic .16
evaluation
No 114 (54.0) 97 (46.0)
Yes 330 (48.5) 350 (51.5)
Linear EBUS-TBNA .044
biopsy
No 25 (65.8) 13 (34.2)
Yes 419 (49.1) 434 (50.9)
Fellow participation .81
No 63 (50.8) 61 (49.2)
Yes 381 (49.7) 386 (50.3)
PET scan on LN <.001
Negative 62 (72.1) 24 (27.9)
Positive 125 (42.7) 168 (57.3)

Data presented as No. (%) unless otherwise noted. ASA = American
Society of Anesthesiologists; LN = lymph node. See Table 1 legend
for expansion of other abbreviations.
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Table 4—Clinical Characteristics by Diagnostic

Yield Per LN
No Specific Specific
Diagnosis Made ~ Diagnosis Made

Characteristic (n=1,250) (n=569) P Value
LN location .008

Not 4L, 1,068 (67.6) 512 (32.4)

4L 182 (76.2) 57 (23.8)
LN size, cm <.001

=1 685 (83.4) 136 (16.6)

>1-2 451 (61.1) 287 (38.9)

>2-3 80 (44.2) 101 (55.8)

>3 34 (43.0) 45 (57.0)
On-site cytologic <.001

evaluation

No 249 (60.4) 163 (39.6)

Yes 1,001 (71.1) 406 (28.9)
Linear EBUS- 41

TBNA biopsy

No 32 (74.4) 11 (25.6)

Yes 1,218 (68.6) 558 (31.4)
PET scan on LN <.001

Negative 336 (89.4) 40 (10.6)

Positive 274 (59.2) 189 (40.8)

Data presented as No. (%) unless otherwise noted. See Table 1 and 3
legends for expansion of abbreviations.

correctly. The OR expresses the effect of a one-unit
change in annual hospital volume, whereas the
ORs for other variables in the model are categor-
ical (ie, male vs female). A hospital that performs
100 more EBUS-TBNA biopsy procedures per year
than another hospital would be associated with an
OR of 1.00310 = 1.35. Thus, each 100-unit increase in
hospital volume increases the odds of a diagnosis by
another 35%.

Hospital volume was strongly associated with the
probability of obtaining a specific diagnosis, but we
found no association between hospital volume and
LN sampling adequacy. One possible explanation for

this finding is that although LN sampling adequacy
does not vary on a per-node basis between hospitals,
the number of LNs sampled per patient and willing-
ness to sample smaller LNs does vary and affects
outcome. Our findings are consistent with this hypo-
thesis because high-volume hospitals and hospitals
that use general anesthesia sampled more LNs and
were more likely to sample small LNs than were
lower-volume hospitals.

Clinically, significant differences exist between
procedures that require deep or general anesthesia
and those performed under moderate sedation. Mod-
erate sedation procedures are typically time-driven,
in that physicians have a finite amount of time before
sedation, and patient comfort issues compel them to
terminate the procedure. Thus, moderate sedation
procedures typically focus on large, high-yield LNs
first. In contrast, more systematic and complete sam-
pling can be performed under deep or general anes-
thesia. In our study, the hospitals that used anesthesia
most frequently were also the highest-volume hospi-
tals and had the highest diagnostic yields (Table 10).

The number of hospitals studied and the absence
of routine use of deep or general anesthesia at low-
volume hospitals limited our power to demonstrate
the effect of anesthesia on diagnostic yield. The use
of deep or general anesthesia at low-volume hospitals
may result in more LN sampling and higher diagnos-
tic yields, but this would require additional study.
High-volume hospitals that used moderate sedation
and sampled more LNs (eg, hospital E) had higher
diagnostic yields than did hospitals that sampled
fewer nodal stations, but the yields were still lower
than those in high-volume hospitals that used anes-
thesia. It is important to note that all the hospitals in
this study probably have higher EBUS-TBNA vol-
umes than the national average. As with all forms of
regression analysis, caution should be exercised when

Table 5—Multivariate Hierarchical Logistic Regression Model for Diagnostic Yield Per Patient

All Patients (n =891)

Patients With PET Scans (n = 379)

Variable OR 95% CI P Value OR 95% CI P Value
Hospital volume 1.003 1.000-1.006 .037 1.003 0.999-1.007 14
Sex: male vs female 0.72 0.5-1.05 .08 0.75 0.42-1.35 .26
Smoking status: smoker vs never 1.55 1.02-2.34 .042 1.59 0.79-3.18 15
smoker
Number of LN sites: >2vs <1 0.57 0.38-0.85 015 0.55 0.3-1.04 .06
Onssite cytologic evaluation: yes vs no 1.15 0.62-2.12 .56 1.39 0.26-7.36 A48
Anesthesia: deep/general vs moderate 1.11 0.62-2.01 .66 1.06 0.19-5.95 90
Largest LN, cm
=1 vs <1-2 (reference) 0.51 0.34-0.77 .003 0.41 0.23-0.75 .006
<2-3vs <1-2 2.49 1.61-3.85 <.001 2.27 1.07-4.78 .034
>3vs <1-2 3.61 2.17-6.00 <.001 3.37 1.26-8.98 .019
Linear EBUS-TBNA biopsy: yes vs no 2.42 0.91-6.44 .07 0.67 0.04-10.22 .67
PET scan: positive vs negative 3.12 1.39-7.01 .018
See Table 1 and 3 legends for expansion of abbreviations.
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Table 6—Multivariate Hierarchical Logistic Regression Model for Diagnostic Yield Per LN

LNs From Patients With PET

All LNs (N =1,819) Scans (n = 839)
\ \

Variable OR 95% CI P Value OR 95% CI P Value
Hospital volume 1.002 1.000-1.004 .013 1.000 0.997-1.003 .90
Sex: male vs female 0.73 0.53-0.99 .045 0.84 0.53-1.32 45
Smoking status: smoker vs never 1.45 1.02-2.06 .037 1.30 0.76-2.22 34
Number of LN sites: >2 vs 1 or 2 0.38 0.05-3.08 A1 0.40 0.25-0.65 <.001
Deep/general vs moderate anesthesia 0.91 0.57-1.46 .70 1.23 0.52-2.9 .63
On-site cytologic evaluation: yes vs no 0.90 0.56-1.44 .63 2.55 0.68-9.55 11
Size of LN, cm

=1 vs <1-2 (reference) 0.29 0.21-0.39 <.001 0.33 0.21-0.53 <.001

<2-3vs <1-2 2.10 1.35-3.28 .001 1.52 0.7-3.31 .29

>3vs <1-2 2.05 1.08-3.91 .029 2.49 0.78-8.00 12
Location of LN: 4L vs other 0.98 0.65-1.47 91 1.17 0.65-2.11 59
Linear EBUS-TBNA biopsy: yes vs no 2.05 0.80-5.27 13 4.19 0.39-44.42 19
PET scan: positive vs negative 4.30 2.57-7.18 <.001

Onssite cytologic evaluation was treated as an LN-level variable. See Table 1 and 3 legends for expansion of abbreviations.

applying the results, since the relationship between
hospital volume and diagnostic yield is valid only over
the range of observed values. The effect of hospital
volume on diagnostic yield may be different at either
lower or higher volumes than those in this study. One
might hypothesize that once a certain upper volume
limit is reached there may be a plateau in terms of
diagnostic yield. Similarly, there may be a lower vol-
ume limit beyond which diagnostic yield plateaus and
becomes relatively uniform (albeit low).

The relationship between hospital volume and diag-
nostic yield could also be explained by other hospital-
level variables; the quality of cytopathologic processing
and interpretation and cytopathologists” willingness
to render specific diagnoses may be associated with
the volume of cases seen. The amount of intraobserver
and interobserver variability among cytopathologists

has been evaluated in other areas of diagnosis, such
as of cervical smears,'” but the evidence on TBNA
biopsy evaluation is limited. Interobserver agreement
for endoscopic ultrasonography and EBUS-TBNA
biopsy, as measured by k values, has been reported
to range from 0.52 to 0.89 in other studies.!s1
EBUS-TBNA biopsy studies in patients with sus-
pected sarcoidosis® demonstrated a>20% increase
in diagnostic yield when an experienced lung pathol-
ogist evaluated the slides. Therefore, much of the
variation in bronchoscopy diagnosis may be explained
by factors outside of the bronchoscopy laboratory.
The sources of between-hospital variations are
important from a policy standpoint because of the
increasing emphasis on pay for performance and qual-
ity improvement. Centralization of services may be
an option if variations in yield are driven by hospital

Table 7—Trend Analysis by Anesthesia Among All Patients

Moderate Deep or General Linear Trend P Value

LN Characteristic Anesthesia (n = 310) Anesthesia (n =581) X2 P Value (One-Sided)
No. of LN sites undergoing biopsy .0003 <.0001

1 131 (42.4) 178 (57.6)

2 102 (36.4) 178 (63.6)

3 54 (28.3) 137 (71.7)

4 15 (23.1) 50 (76.9)

5 8(21.6) 29 (78.4)

6 0(0) 9 (100)
Largest LN size, cm <.0001 <.0001

=1 35 (18.3) 156 (81.7)

>1-2 137 (32.5) 284 (67.5)

>2-3 73 (46.2) 85 (53.8)

>3 65 (53.7) 56 (46.3)
On-site cytologic evaluation <.0001 <.0001

No 167 (79.1) 44 (20.9)

Yes 143 (21.0) 537 (79.0)

Data presented as No. (%) unless otherwise noted. See Table 3 for expansion of abbreviation.
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Table 8—Trend Analysis by Anesthesia Among Patients
With Lung Cancer

Moderate Deep or General Linear Trend

Anesthesia  Anesthesia X2 P Value

LN Finding (n=105) (n=200) P Value (One-Sided)
LN sites, No. 288 .024

1 48 (37.5) 80 (62.5)

2 35 (40.2) 52 (59.8)

3 16 (24.6) 49 (75.4)

4 4(28.6) 10 (71.4)

5 2(25.0) 6 (75.0)

6 0(0) 3(100)
Largest LN, cm <.0001 <.0001

=1 1(19.0) 47 (81.0)

>1-2 34 (28.3) 86 (71.7)

>2-3 28 (43.1) 37 (56.9)

>3 32 (51.6) 30 (48.4)
Largest LN .006 .004

=1 11 (19.0) 47 (81.0)

>1 94 (38.1) 153 (61.9)

Data presented as No. (%) unless otherwise noted. See Table 3 for
expansion of abbreviation.
aFisher exact test.

volume. Changes in bronchoscopy practices may also
affect outcome. However, if variation in cytology
interpretation is the key driver, that lends itself to
a different and more technical set of solutions. For
example, one solution might involve education to
decrease interobserver variation, which has been
demonstrated to be effective in cervical cytologic
evaluation.'s Alternatively, standardized specimen
processing coupled with remote electronic slide
reading could be used to provide all hospitals with

access to high-volume and high-quality cytologic
evaluation.

This study adds to the existing body of medical lit-
erature on EBUS-TBNA biopsy by emphasizing the
importance of hospital-level variables in addition to
patient-level variables. On the basis of our findings,
between-hospital variation may be as important or
more important than many patient-level variables
from a quality improvement standpoint. Importantly,
many variables typically considered patient level
are often affected by hospital-level decisions. For
example, anesthesia availability may be considered
a hospital-level decision because at many institutions
it is not available for routine bronchoscopy. In our
cohort, no low-volume hospitals used anesthesia, but
greater anesthesia availability may alter practice pat-
terns at low-volume hospitals, leading to increased
LN sampling and improved diagnostic yields.

The finding of significant differences in diagnos-
tic yield between hospitals and the importance of
hospital-level variables should be considered when
designing future studies of EBUS-TBNA. We recom-
mend that future multicenter studies of EBUS-TBNA
be assessed for between-hospital heterogeneity and,
when appropriate, that hierarchical models be used
for analysis. The use of ordinary regression in such
instances may lead to significant errors if between-
hospital variation is not accounted for (Simpson’s
paradox).

The diagnostic yields found in this study are similar
to those in previously published studies.202! It is
important to recognize that diagnostic yield is not the
same as sensitivity. Different authors have used the

Table 9—Trend Analysis by Annual TBNA Volume Among All Patients

Low Volume Hospitals

High Volume Hospitals

‘ | | X2 Linear Trend
Measure A(V=97) B(V=166) C(V=169) D (V=276) E(V=325) F(V=435) P Value P Value
No. of LN sites <.0001 <.0001
undergoing biopsy

1 30 (49.2) 36 (41.4) 48 (50.0) 57 (28.5) 25 (25.8) 113 (32.3)

2 22 (36.1) 34 (39.1) 27 (28.1) 85 (42.5) 28 (28.9) 84 (24.0)

3 9 (14.8) 16 (18.4) 17 (17.7) 45 (22.5) 25 (25.8) 79 (22.6)

4 0(0) 1(1.1) 2(2.1) 10 (5.0) 13(13.4) 39 (11.1)

5 0(0) 0(0) 2(2.1) 3(1.5) 6(6.2) 26 (7.4)

6 0(0) 0(0) 0(0) 0(0) 0(0) 9(2.6)
Mean (SD)» 1.65 (0.73) 1.79 (0.78) 1.78 (0.95) 2.09 (0.92) 2.45 (1.19) 2.45 (1.37)
Largest LN, cm <.0001 <.0001

=1 8 (13.1) 11 (12.6) 11 (11.5) 50 (25.0) 7(7.2) 104 (29.7)

>1-2 20 (32.8) 34 (39.1) 44 (45.8) 90 (45.0) 49 (50.5) 184 (52.6)

>2-3 17 (27.9) 24 (27.6) 15 (15.6) 36 (18.0) 30 (30.9) 36 (10.3)

>3 16 (26.2) 18 (20.7) 26 (27.1) 24 (12.0) 11(11.3) 76 (7.4)
Mean (SD)2 2.67 (1.01) 2.56 (0.96) 2.58 (1.01) 2.17 (0.94) 2.46 (0.79) 1.95 (0.83)

Data presented as No. (%) unless otherwise noted. Letters A-F correspond to participating hospitals. V= annual TBNA volume. See Table 1 and
3 legends for expansion of other abbreviations.

aLinear regression analysis of mean number and size of LN sites undergoing biopsy based on volume revealed that per one hospital volume
increase, the mean number of LN sites undergoing biopsy increased 0.0027 (P =.003), and the largest size of LN undergoing biopsy decreased
0.002 cm (P =.018).
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Table 10—Relationship Between Adjusted Diagnostic Yield, Hospital Volume, and Use of Deep
or General Anesthesia

Annual TBNA Volume,

Percentage of TBNA Cases Using

Percentage of TBNA Cases Using  Risk-Adjusted Diagnostic Yields

Hospital Cases/y Deep or General Anesthesia On-site Cytologic Evaluation (95% CI)

F 435 99 100 0.58 (0.50-0.67)
D 276 91 93 0.53 (0.43-0.64)
E 325 1 2 0.48 (0.36-0.64)
C 169 39 9 0.44 (0.33-0.59)
B 166 8 89 0.35 (0.24-0.49)
A 97 8 92 0.38 (0.25-0.56)

See Table 1 and 9 legends for expansion of abbreviations.

“Risk-adjusted diagnostic yield was based on indirect standardization using LN size.

term diagnostic yield to mean different things; some
have used the term loosely and have included cases
with specific diagnoses or adequate lymphocytes. We
believe that our definition is more stringent and clin-
ically relevant because physicians need specific diag-
noses on which to base treatment decisions. In two
systematic reviews of EBUS-TBNA biopsy in patients
with suspected lung cancer (19 studies with a total of
1,955 patients),?2* diagnostic yield ranged from 8%
to 93% by our definition (mean, 49% =+ 29%).72!23-37
Many of these studies were clinical trials designed
to determine sensitivity or test new technologies and
are thus not necessarily representative of routine
practice. We reported consecutive cases, not all of
whom had a high suspicion of cancer or mediastinal
disease. As such, our data are more generalizable
and serve to illustrate that registries can offer quality
improvement, benchmarking, and clinical effective-
ness insights that controlled clinical trials cannot. All
approaches have strengths and weaknesses, so it is
best to view registry data as complementing the
knowledge gained from clinical trials.

These observations are useful, but it is important
to recognize the limitations of the current study. The
AQuIRE Registry is new and still growing. At the
time of this report, it included relatively few hos-
pitals and only 11 participating physicians. There-
fore, we could not systematically evaluate the effect
of between-physician variability on outcome. In addi-
tion, as noted here, no low-volume hospitals used
anesthesia, which limited our ability to draw infer-
ences about the effect of anesthesia on outcome.
Few conventional TBNA biopsy procedures were per-
formed; thus, these results apply predominantly to
EBUS-TBNA. Case selection may also impact diag-
nostic yield. Some centers may be more aggressive
in doing EBUS for CT scan- and PET scan-negative
lymph nodes in patients with cancer.2%35 Diagnostic
yield would of course be expected to be lower in
CT/PET scan-negative cases than in those with larger
PET scan-positive nodes. We did control for this in
the analysis. There were no differences between cen-
ters in terms of the overall proportion of cases result-
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ing in a cancer diagnosis, so it is likely that EBUS is
used to investigate a similar spectrum of problems
across centers. However, as with any observational
study, there is always the possibility that residual con-
founding exists. In addition, the registry does not
incorporate cost data. As such, cost-effectiveness is
beyond the scope of this study, although the data
generated can inform cost-effectiveness analyses.

Finally, because this is a report of registry data
rather than a research trial, we can only comment on
diagnostic yield and not diagnostic sensitivity, because
not all patients underwent surgery. The registry was
designed to provide a quality improvement tool
and to study clinical effectiveness; thus, this was a
necessary trade-off because it would be impractical
to obtain surgical biopsy specimens in everyday
practice. Given these limitations, we believe that the
ability to track risk-adjusted yields within institutions
is a useful quality improvement tool.

In as much as quality improvement (QI) is a local
process involving measurement, evaluation, and
intervention in an iterative and ongoing fashion, there
isno single intervention that can improve outcomes
universally given the variety of practice settings.
Indeed, all QI interventions have been shown to work
in some situations, but no one intervention is demon-
strably superior in every situation.* However, one
critical element necessary for all QI programs is mea-
surement of outcomes. The Donabedian model of
quality includes three dimensions: structure, process,
and outcomes. Outcomes represent the combined
effects of structure and process. Monitoring of out-
comes is to monitor performance, which is conditional
upon structure and process. Structure and process
are easier to measure and are often used as surrogates.
Unfortunately, a change in structure or process does
not necessarily impact outcomes in the expected
manner. It is continuous performance monitoring that
keeps quality of care high.

As applied to EBUS-TBNA, the primary outcome
of interest is diagnostic yield. We therefore recom-
mend that clinicians monitor their own risk-adjusted
outcomes and compare them to those of other
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institutions. AQuIRE provides a convenient way to
do this. Individual centers can then look critically at
their own structures (equipment, space, services
available, staff training, and so forth) and processes
(patient selection, sedation methods, cytology quality,
and so forth). Interventions to alter structures or pro-
cesses can then be implemented that are feasible at
the local level and their end results measured. This
must be an ongoing and iterative process. Monitoring
of outcomes is just the first step of QI, but it is an
absolutely essential step.

In conclusion, this report from the AQuIRE regis-
try represents the first multicenter prospective obser-
vational study to identify important patient-level and
hospital-level determinants of EBUS-TBNA diag-
nostic yield. Patient-level variables that affected
diagnostic yield included LN size, smoking status,
and number of LN stations undergoing biopsy.
A high hospital TBNA biopsy volume had a signifi-
cant effect on diagnostic yield that likely reflects some
combination of team experience, anesthesia use, and
cytopathologic results interpretation. The AQuIRE
registry generated risk-adjusted diagnostic yields at
the hospital level that should be useful for quality
improvement. Future studies should expand this
registry to other hospitals of varying sizes and more
diverse practice patterns so that these preliminary
findings can be verified and to more accurately assess
the effect of anesthesia and between-physician varia-
tion on diagnostic yield.
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