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      Current evidence-based guidelines recommend that 
patients with suspected lung cancer with medias-

tinal adenopathy by CT or PET imaging without evi-
dence of distant metastatic disease undergo lymph 
node sampling to ensure accurate staging.  1-10   Accu-
rate lymph node staging is important, because the 
status of the lymph nodes will determine whether the 
disease is surgically resectable. CT and PET imaging, 
although useful, do not always have suffi cient positive 
and negative predictive value to guide treatment deci-
sions in these cases.  2,4,11   The result of relying solely 
on imaging to stage the mediastinum is that some 

patients will be falsely up-staged, leading to missed 
opportunities for surgery and possibly cure. Conversely, 
other patients will be falsely under-staged, leading to 
unnecessary thoracotomies and complications.  2,4   

 However, previous studies have demonstrated that 
there are considerable differences between what is 
recommended in evidence-based guidelines and what 
is actually done.  12-17   Studies of the patterns of surgical 
care in patients with non-small cell lung cancer (NSCLC) 
found that mediastinoscopy is infrequently performed, 
and even then lymph nodes are biopsied in  ,  50% of 
cases.  12,13   Alternative methods of mediastinal lymph 

  Background:    Guidelines recommend mediastinal lymph node sampling as the fi rst invasive diag-
nostic procedure in patients with suspected lung cancer with mediastinal lymphadenopathy with-
out distant metastases. 
  Methods:    Patients were a retrospective cohort of 15,316 patients with lung cancer with regional 
spread without metastatic disease in the National Cancer Institute’s Surveillance, Epidemiology, 
and End Results (SEER) or Texas Cancer Registry Medicare-linked databases. Patients were cat-
egorized based on the sequencing of invasive diagnostic tests performed: (1) evaluation consis-
tent with guidelines, mediastinal sampling done fi rst; (2) evaluation inconsistent with guidelines, 
non-small cell lung cancer (NSCLC) present, mediastinal sampling performed but not as part 
of the fi rst invasive test; (3) evaluation inconsistent with guidelines, NSCLC present, mediastinal 
sampling never done; and (4) evaluation inconsistent with guidelines, small cell lung cancer. The 
primary outcome was whether guideline-consistent care was delivered. Secondary outcomes 
included whether patients with NSCLC ever had mediastinal sampling and use of transbronchial 
needle aspiration (TBNA) among pulmonologists. 
  Results:    Only 21% of patients had a diagnostic evaluation consistent with guidelines. Only 56% of 
patients with NSCLC had mediastinal sampling prior to treatment. There was signifi cant regional 
variability in guideline-consistent care (range, 12%-29%). Guideline-consistent care was associ-
ated with lower patient age, metropolitan areas, and if the physician ordering or performing the 
test was male, trained in the United States, had seen more patients with lung cancer, and was a 
pulmonologist or thoracic surgeon who had graduated more recently. More recent pulmonary 
graduates were also more likely to perform TBNA ( P   ,  .001). 
  Conclusions:    Guideline-consistent care varied regionally and was associated with physician-level 
factors, suggesting that a lack of effective physician training may be contributing to the quality 
gaps observed.    CHEST 2014; 145(5):1097–1113   
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distant metastases. The algorithms and search results are shown in 
 Figure 1  , and details are given in the online supplement (e-Table 1). 

 Diagnostic Strategy and Guideline-Consistent Care 

 The invasive tests used and their sequencing were determined 
by checking Current Procedural Terminology and  International 
Classifi cation of Diseases, Ninth Revision  codes. Invasive tests 
were defi ned as CT scan-guided needle biopsy, bronchoscopy, 
endoscopy with ultrasound-guided needle aspiration, mediasti-
noscopy, or thoracotomy. Mediastinal sampling procedures were 
defi ned as bronchoscopy with TBNA or endobronchial ultrasound 
(EBUS)-TBNA, endoscopy with ultrasound-guided needle aspi-
ration, mediastinoscopy, thoracoscopy, or thoracotomy with medi-
astinal lymph node sampling. 

 Patients were placed into categories based on their diagnostic 
testing sequence ( Fig 2  ). Whether a patient received guideline-
consistent care was determined by the fi rst invasive test per-
formed. If the fi rst invasive test performed was one of the mediastinal 
sampling procedures listed here, then this was considered as 
guideline-consistent care. 

 If the fi rst invasive test did not involve mediastinal sampling 
(ie, the patient had CT scan-guided needle biopsy or bronchoscopy 
without TBNA) then this was considered as guideline-inconsistent 
care. These patients were further subclassifi ed depending on tumor 
histology. Those who had NSCLC were divided into those who 
had mediastinal sampling performed but not as part of the fi rst 
invasive test vs those who never had mediastinal sampling per-
formed. Those who had small cell carcinoma were not further 
subdivided, since additional mediastinal sampling would not nec-
essarily be required ( Fig 2 ). See e-Appendix 1 for additional details 
and rationale. 

 Outcomes 

 The primary outcome was whether the diagnostic workup 
was consistent with guidelines (N  5  15,316). Secondary outcomes 
included whether mediastinal sampling was ever done in patients 
with NSCLC (n  5  13,220). Secondary analyses were conducted to 
identify factors associated with TBNA use by pulmonologists and 
mediastinoscopy use by surgeons. 

 Statistical Analysis 

 Characteristics of patients and outcomes were compared using 
 x  2  test for categorical variables. We used multilevel multivariable 
logistic regression with patients nested within physicians to iden-
tify factors associated with guideline-consistent care. We used 
backward selection with a  P  value  �  .2 to enter the model and 
a  P  value  �  .05 to stay in the model. Statistical analyses were per-
formed at a signifi cance level of .05. All data were analyzed with 
SAS 9.2 (SAS Institute Inc). 

 Results 

 SEER-Medicare and TCR-Medicare Cohort 

 In the SEER-Medicare linked dataset, 12,363 patients 
met the inclusion criteria. In the TCR-Medicare data-
set, 3,568 met criteria ( Fig 1 ). We compared the SEER 
and TCR registries patient characteristics, practice 
patterns, and lung cancer types (e-Table 2). For sub-
sequent analysis, we combined the two registries and 
controlled for geographic region. Patient characteris-
tics for the combined cohort are shown in  Table 1  . Of 

node sampling, such as transbronchial needle aspiration 
(TBNA), have been developed but are underused.  14-17   
The net result is that mediastinal sampling is frequently 
not performed at all. In addition, in those patients 
in whom it is performed, it is often not performed as 
the fi rst invasive diagnostic test, as recommended by 
guidelines, but rather it is only done after biopsies of 
peripheral lung masses have been performed.  18   The 
consequence of improper test sequencing is addi-
tional and often unnecessary tests that, in turn, lead to 
increased costs and complications. 

 The question is, why do these detrimental practice 
patterns persist when there have been evidence-based 
guidelines in place for years? The goal of this study was 
to identify factors associated with guideline-consistent 
care. We hypothesized that system-level variables, 
such as physician specialty and training, are contrib-
uting to the persistent quality gaps observed. 

 Materials and Methods 

 Data Source 

 We performed a retrospective cohort analysis using the National 
Cancer Institute’s Surveillance, Epidemiology, and End Results 
(SEER) database and the Texas Cancer Registry (TCR). The reg-
istry data have been linked to Medicare claims and US 2000 Cen-
sus data. We compared the registries and analyzed practice patterns 
and outcomes. This study was approved by institutional review 
board 4  , and a waiver of informed consent was obtained. This data-
set has been used to evaluate the comparative effectiveness of 
alternative staging strategies and presented in abstract form.  19   

 Patient Population 

 The population consisted of patients with lung cancer with 
regional spread to the hilar or mediastinal lymph nodes without 
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guided biopsy ( Table 2  ). The breakdown of patients 
according to diagnostic strategy (guideline-consistent 
vs guideline-inconsistent) and type of lung cancer is 
shown in  Figure 2 . Only 21% of patients had a diag-
nostic evaluation performed in a manner consistent 
with guidelines. Among patients with NSCLC, 44% 
never had mediastinal sampling prior to treatment. 

 The characteristics of the physicians ordering or per-
forming invasive diagnostic tests are shown in  Table 3  . 
Most patients had their fi rst invasive test ordered by 
internists or pulmonologists. There was significant 

the 15,931 patients, 615 (4%) had no Medicare data 
indicating that any diagnostic testing was performed. 
The remaining 15,316 patients (96%) constituted the 
fi nal study cohort. Details on diagnostic test use, com-
plications, and outcomes have been reported in more 
detail previously. 

 Practice Patterns 

 The most common fi rst invasive diagnostic test was 
bronchoscopy without TBNA followed by CT scan-

  Figure  1. Study cohort selection results 1995 to 2007. A, Texas Cancer Registry. B, SEER. HMO  5  health 
maintenance organization; NSCLC  5  non-small cell lung cancer; SEER  5  Surveillance, Epidemiology, 
and End Results  .   

http://journal.publications.chestnet.org


1100 Original Research

United States, lower patient age, lower T stage, not 
being in a big metropolitan area, and geographic region 
( Table 8  ). 

 For surgical procedures, the probability of perform-
ing mediastinoscopy prior to proceeding to thora-
cotomy was not associated with graduation year and 
did not vary signifi cantly between general and thoracic 
surgeons (e-Tables 5, 6). There were, however, wide-
spread geographic differences in the probability of 
having mediastinoscopy prior to thoracotomy (range, 
20%-69%). 

 Discussion 

 We found that in patients with regional spread to 
the hilar or mediastinal lymph nodes without distant 
metastases, mediastinal lymph node sampling was per-
formed fi rst as per guidelines in only 21% of patients. 
Only 56% of patients with NSCLC ever had mediastinal 
sampling performed prior to treatment. Correction 
of these quality gaps requires insight into the deter-
minants of practice patterns.  16,17   Our data indicate 
there are multiple physician-level and system-level 
determinants that impact the probability of receiv-
ing guideline-consistent care. We found that more 
recent graduates in pulmonary medicine ( P   ,  .001) 
were more likely to deliver guideline-consistent care. 
This paralleled a trend in procedural practices, with 
more recent graduates being more likely to perform 
TBNA. This suggests that at least some of the variation 

regional variability in guideline-consistent care (range, 
12%-29%). On multivariate analysis, the probability 
of guideline-consistent care was associated with patient 
age  ,  76 years, geographic region, not being in a big 
metropolitan area, lower poverty levels, lower T stage, 
physician specialty, and physicians who were men and 
trained in the United States ( Table 4  ). Guideline-
consistent care was also more likely if the physician 
saw a higher number of patients with lung cancer in the 
registry. Recent graduates in pulmonary and thoracic 
surgery were more likely to deliver guideline-consistent 
care than older graduates. However, there was no asso-
ciation between graduation year and probability of 
guideline-consistent care for other disciplines ( Table 5  ) 
(Mantel-Haenszel  P   ,  .0001). When we restricted our 
analysis to SEER data from 2004 to 2007, so that cur-
rent nodal staging information was available, the results 
were similar (e-Table 3). 

 There was also signifi cant regional variability in 
whether mediastinal sampling was done at any point 
(vs never) in patients with NSCLC (range, 41%-66%) 
(see  Table 6   for multivariate analysis). When we 
restricted our analysis to SEER data from 2004 to 
2007, the results were similar (e-Table 4). 

 There were also differences in the propensity of 
pulmonologists to perform TBNA, with recent grad-
uates being more likely to perform TBNA than older 
graduates ( P   ,  .001) ( Table 7  ). In hierarchical multi-
variate analysis, TBNA use was associated with more 
recent physician graduation, physicians trained in the 

  Figure  2. Practice patterns and diagnoses: SEER and Texas Cancer Registry 1995 to 2007. Diagram shows breakdown into guideline-
consistent care vs guideline-inconsistent care, which was based on the fi rst invasive test performed. Groups were subclassifi ed based on 
tumor histology. Patients who had NSCLC were further subclassifi ed based on whether mediastinal sampling was ever performed prior to 
treatment. EBUS  5  endobronchial ultrasound; EUS  5  endoscopic ultrasound; TBNA  5  transbronchial needle aspiration. See Figure 1 
legend for expansion of other abbreviation.   
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in practice patterns is due to differences in procedural 
training. However, graduation year did not impact prac-
tice patterns for other disciplines. This suggests that 
the effectiveness of knowledge dissemination for this 
particular problem has not been equal between disci-
plines. Specialties that deal with this problem more 
frequently have seen the greatest improvement in terms 
of recent graduate performance. 

 Although our study does add to the existing body of 
evidence in the lung cancer fi eld, there are several 
limitations that are worth considering. This was an 
administrative database and included only Medicare 
patients from 1995 to 2007. As such, it may not be as 
generalizable to current practice or to younger patients 
or those with alternative insurance schedules. In addi-
tion, most of the patients came from SEER, so this 
may not be generalizable to non-SEER registry par-
ticipants. However, we did validate our fi ndings from 
the SEER registry by comparing them with the TCR, 
and the results are consistent. In addition, a retrospec-
tive analysis of patients seen in 2009 demonstrated 
similar fi ndings, suggesting that these quality gaps 
have persisted.  18   

 In addition, because these are administrative data, 
we cannot determine which patients were not sur-
gical candidates because of concurrent severe COPD, 
other comorbidities, or patient preferences, and this 
might have impacted the use of surgical mediastinal 
sampling. We did adjust for comorbidities using the 
Charlson comorbidity index, but there is probably 
residual confounding. However, we restricted our 
cohort to patients who received treatment. Since all 
the patients were healthy enough to have treatment, 
mediastinal sampling would still have been necessary 
to determine which patients should receive radiation 
alone and which should receive chemotherapy and 
radiation. If the patient’s performance status was 
poor, then TBNA would have been a very suitable 
method to both stage and diagnose the patient, since 
it has a much lower complication rate than CT scan-
guided biopsy.  20,21   

 Similarly, because these were administrative data, 
we had no way to verify that the lymph nodes were 
positive on either CT or PET scan. If the lymph nodes 
were negative on CT and PET scan, then medias-
tinal sampling would not have been warranted. How-
ever, previous studies have shown that patients with 
CT scan-negative and/or PET scan-negative lymph 
nodes have a very low incidence of occult mediastinal 
disease—around 5% to 7%.  22-25   So although a small 
fraction of the patients in this study probably did have 
lymph nodes that were negative on CT and PET scan, 
it is very likely that the number of patients receiving 
guideline-inconsistent care is signifi cant. 

 Given these limitations, we cannot know precisely 
the exact incidence of guideline-consistent care or the Va
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magnitude of the quality gap. It would be unreasonable 
to expect 100% guideline-consistent care when using 
purely administrative data as the reference source, 
since there are just too many contingencies to account 
for. Indeed, administrative data probably are insuffi -
cient to establish precise benchmarks for a problem of 
this complexity. However, based on the available data, 
we can say that the incidence of guideline-consistent 
care is low enough to warrant attention. In addition, 
despite the fact that we cannot defi ne exactly how 
often things should have been done differently, we 
can use the data to gain insights into what factors are 
associated with quality gaps. It is knowledge of these 
factors that is truly valuable, not defi ning the exact 
incidence of guideline-consistent care. 

 In this regard, we identifi ed several factors that may 
be contributing to the quality gap. The data show that 
one of the most common errors was in test sequenc-
ing, with CT scan-guided biopsy and bronchoscopy 
without TBNA being ordered fi rst, and that this test-
ing was most frequently ordered by internists and 
pulmonologists. It is, therefore, logical to integrate 
internists, pulmonologists, and interventional radiol-
ogists into the solution. Pulmonologists should not be 
performing bronchoscopy without EBUS-TBNA for 
these patients, since sampling the mediastinum is 
the critical fi rst step. Similarly, if a patient is referred 
for CT scan-guided biopsy, and there is mediastinal 
lymphadenopathy that has not been biopsied, the 
interventional radiologist should discuss this with the 
referring physician, so that unnecessary procedures can 
be avoided. Traditional quality improvement, bench-
marking, and targeted physician education programs 
are well suited for achieving these goals. 

 We also observed that 44% of patients never had 
any mediastinal sampling yet received treatment. One 
possible explanation is that oncologists and radiation 
oncologists are unaware of the necessity of proper medi-
astinal sampling, but this would be unlikely, although 
it might account for a fraction of the observed quality 

 Table 3— Characteristics of Physicians Ordering or 
Performing Invasive Diagnostic Tests  

Characteristics

First Invasive 
Test

Any Invasive 
Test

No. % No. %

No. of physicians 6,325 100 8,037 100
Physician sex
 Male 4,753 75.2 5,934 73.8
 Female 491 7.8 618 7.7
 Unknown 1,081 17.1 1,485 18.5
Decade of graduation
 Prior to 1980 2,376 37.6 3,018 37.6
 1980-1989 1,899 30.0 2,331 29.0
 1990 1 969 15.3 1,203 15.0
 Unknown 1,081 17.1 1,485 18.5
Trained in the 

 United States
 Yes 4,050 64.0 5,058 62.9
 No 1,342 21.2 1,676 20.9
 Unknown 933 14.8 1,303 16.2
Degree
 MD 5,160 81.6 6,452 80.3
 DO 232 3.7 282 3.5
 Unknown 933 14.8 1,303 16.2
Specialty  a  
 Internal medicine  a  1,903 30.1 2,309 28.7
 Surgery 596 9.4 1,031 12.8
 Oncology 244 3.9 368 4.6
 Pulmonary 2,027 32.1 2,109 26.2
 Other 144 2.3 218 2.7
 Thoracic surgery 669 10.6 1,006 12.5
 Unknown 742 11.7 996 12.4
No. of patients
 1 3,759 59.4 4,590 57.1
 2-5 1,769 28.0 2,257 28.1
 6-10 564 8.9 754 9.4
  .  10 233 3.7 436 5.4

 a Refers to the physician who ordered or performed the invasive 
diagnostic test. For bronchoscopy and surgical procedures, this 
was the physician performing the procedure. For CT scan-guided 
biopsy, this was the referring physician. Internal medicine includes 
family practice and all subspecialties of internal medicine other 
than oncology and pulmonary. Surgery includes all subspecialties 
of surgery other than thoracic or cardiothoracic surgery. Thoracic 
surgery and cardiothoracic surgery are included under thoracic surgery.

 Table 2— Initial Invasive Testing Procedures Used in Patients With Lung Cancer With Regional Spread  

First Test Performed Frequency % Cumulative Frequency Cumulative %

Guideline-inconsistent care
 CT scan-guided biopsy 5,009 32.7 5,009 32.7
 Bronchoscopy without TBNA 7,152 46.7 12,161 79.4
Guideline-consistent care
 Bronchoscopy with TBNA 1,043 6.8 13,204 86.2
 Bronchoscopy with TBNA  1  EBUS or EUS  a  42 0.3 13,246 86.5
 Mediastinoscopy alone 874 5.7 14,120 92.2
 Mediastinoscopy and thoracotomy 181 1.2 14,301 93.4
 Thoracotomy alone 1,015 6.6 15,316 100

EBUS  5  endobronchial ultrasound; EUS  5  endoscopic ultrasound; TBNA  5  transbronchial needle aspiration.
 a Strata with  �  10 patients were suppressed as per National Cancer Institute policy and are reported as “ ,  11” to ensure confi dentiality. Endoscopy 
with ultrasound was done in  ,  11 patients and was, therefore, included in the bronchoscopy with TBNA  1  EBUS category to protect patient 
confi dentiality.
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 Table 4— Factors Associated With Guideline-Consistent Care  

Variables
Patients Receiving 

Guideline-Consistent Care, %

Univariate Analysis Multivariate Analysis

Crude OR (95% CI)  P  Value Crude OR (95% CI)  P  Value

Patient age, y
 66-70 22.6 Reference … Reference …
 71-75 20.7 0.90 (0.81-0.99) .03 0.93 (0.83-1.03) .17
 76-80 20.5 0.89 (0.80-0.99) .03 0.86 (0.77-0.96) .008
  .  80 15.0 0.61 (0.53-0.70)  ,  .0001 0.63 (0.55-0.74)  ,  .0001
Patient sex
 Male 20.6 Reference … … …
 Female 22.3 1.10 (1.02-1.19) .02 … …
Patient race
 White 21.9 Reference … … …
 Hispanic 19.3 0.85 (0.70-1.04) .11 … …
 Black 19.0 0.84 (0.71-0.98) .03 … …
 Other 16.0 0.68 (0.53-0.86) .002 … …
Urban/rural
 Big metro 22.4 Reference … Reference …
 Metro 21.2 0.93 (0.84-1.02) .11 1.28 (1.1-1.49) .001
 Urban 19.4 0.83 (0.71-0.98) .03 1.11 (0.89-1.39) .36
 Less urban 19.2 0.82 (0.71-0.95) .008 1.12 (0.90-1.38) .31
 Rural 18.2 0.77 (0.57-1.04) .09 1.12 (0.79-1.59) .51
Year of diagnosis
 1995 22.6 Reference … … …
 1996 18.7 0.79 (0.57-1.09) .15 … …
 1997 21.3 0.93 (0.67-1.27) .63 … …
 1998 20.8 0.90 (0.65-1.24) .51 … …
 1999 23.3 1.04 (0.75-1.45) .80 … …
 2000 21.2 0.92 (0.70-1.20) .54 … …
 2001 21.5 0.94 (0.73-1.21) .62 … …
 2002 18.9 0.80 (0.62-1.03) .08 … …
 2003 22.1 0.97 (0.76-1.25) .83 … …
 2004 22.7 1.01 (0.79-1.29) .95 … …
 2005 19.8 0.84 (0.66-1.08) .18 … …
 2006 21.8 0.95 (0.74-1.22) .71 … …
 2007 23.3 1.04 (0.81-1.33) .76 … …
SEER/TCR region
 California 22.0 Reference … Reference …
 Atlanta and rural Georgia 14.8 0.62 (0.47-0.81) .0005 0.68 (0.47-0.99) .04
 Connecticut 23.2 1.07 (0.91-1.27) .42 0.83 (0.64-1.08) .17
 Detroit 27.8 1.37 (1.18-1.59)  ,  .0001 1.04 (0.78-1.37) .80
 Hawaii 12.4 0.51 (0.33-0.78) .002 0.48 (0.26-0.87) .02
 Iowa 16.7 0.71 (0.59-0.86) .0003 1.15 (0.86-1.54) .36
 Kentucky 17.8 0.77 (0.65-0.92) .003 0.64 (0.48-0.86) .003
 Louisiana 11.7 0.47 (0.37-0.59)  ,  .0001 0.64 (0.47-0.86) .004
 New Jersey 26.3 1.27 (1.10-1.47) .001 1.14 (0.91-1.43) .25
 New Mexico 22.2 1.02 (0.73-1.42) .93 1.16 (0.72-1.85) .54
 Seattle 24.6 1.16 (0.94-1.42) .17 1.42 (1.06-1.90) .02
 Texas 21.4 0.97 (0.86-1.09) .58 1.22 (1.00-1.48) .048
 Utah 28.9 1.44 (0.99-2.12) .06 2.18 (1.33-3.57) .002
% Poverty  a  
  �  4.76 24.7 Reference … Reference …
 4.77-9.07 20.7 0.80 (0.71-0.89)  ,  .0001 0.83 (0.74-0.93) .002
 9.08-16.53 21.6 0.84 (0.75-0.94) .002 0.93 (0.81-1.06) .27
  .  16.53 18.2 0.68 (0.60-0.76)  ,  .0001 0.81 (0.71-0.94) .004
 Unknown 23.4 0.94 (0.76-1.16) .54 1.16 (0.63-2.11) .64
% Non-high school  b  
  �   10.09 23.9 Reference … … …
 10.1-17.18 21.3 0.87 (0.77-0.97) .01 … …
 17.19-27.8 21.6 0.88 (0.79-0.98) .02 … …
  .  27.85 18.3 0.72 (0.64-0.81)  ,  .0001 … …
 Unknown 23.4 0.98 (0.79-1.21) .83 … …

(Continued)
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physician training system. The system failure is both at 
the level of fellowship training and at the level of con-
tinuing physician education. The fellowship training 
problem can be seen in the low percentage (35%) of 
pulmonologists graduating after 1990 who saw patients 
with lung cancer and performed even one TBNA. 

 There is also a system failure at the level of con-
tinuing physician education. Most patients were cared 
for by older physicians. When new technologies are 
developed, older physicians need a way to update 
their training. But we found that older pulmonolo-
gists were much less likely to use TBNA than their 

gap. Alternatively, it is more likely that there is a lack of 
access to specialists who have the capability to sample 
the mediastinum effectively, such that some physicians 
view the risk-benefi t equation differently, given their 
own local practice environment. This would be con-
sistent with the signifi cant regional variations observed 
(guideline-consistent care range, 12%-29%) and with 
the low percentage of pulmonologists who performed 
even one TBNA ( Table 7 ). 

 However, if the material cause of the quality gap is 
scarcity of physicians who can perform TBNA, the 
effi cient cause of the quality gap must be failures in the 

Variables
Patients Receiving 

Guideline-Consistent Care, %

Univariate Analysis Multivariate Analysis

Crude OR (95% CI)  P  Value Crude OR (95% CI)  P  Value

Comorbidity
 0 21.8 Reference … … …
 1 21.7 0.99 (0.90-1.09) .84 … …
 2 1 19.8 0.88 (0.79-0.99) .03 … …
T stages
 T1 (include T0) 29.7 Reference … Reference …
 T2 18.2 0.53 (0.48-0.58)  ,  .0001 0.66 (0.60-0.74)  ,  .0001
 T3 13.7 0.38 (0.32-0.45)  ,  .0001 0.52 (0.43-0.64)  ,  .0001
 Unknown 24.3 0.76 (0.68-0.85)  ,  .0001 1.12 (0.96-1.3) .14
Physician sex
 Male 21.5 Reference … Reference …
 Female 12.9 0.54 (0.44-0.66)  ,  .0001 0.78 (0.61-1.00) .05
 Unknown 25.4 1.25 (1.11-1.40) .0003 … …
Physician graduation year
 Prior to 1980 20.0 Reference … Reference …
 1980-1989 22.0 1.13 (1.03-1.24) .01 1.31 (1.13-1.52) .0003
 After 1990 21.1 1.07 (0.95-1.21) .28 1.68 (1.39-2.03)  ,  .0001
 Unknown 25.4 1.37 (1.21-1.55)  ,  .0001 1.95 (1.26-3.01) .003
Trained in the United States
 Yes 22.9 Reference … Reference …
 No 15.5 0.62 (0.56-0.69)  ,  .0001 0.69 (0.59-0.82)  ,  .0001
 Unknown 24.5 1.10 (0.96-1.25) .17 1.09 (0.70-1.70) .70
Degree
 MD 21.4 Reference … … …
 DO 15.6 0.68 (0.55-0.85) .0005 … …
 Unknown 24.5 1.20 (1.05-1.36) .007 … …
Total No. of patients
 1 16.5 Reference … Reference …
 2-5 22.1 1.43 (1.29-1.60)  ,  .0001 1.47 (1.26-1.71)  ,  .0001
 6-10 23.4 1.54 (1.37-1.73)  ,  .0001 1.86 (1.50-2.30)  ,  .0001
  .  10 25.4 1.72 (1.52-1.94)  ,  .0001 1.45 (1.09-1.93) .01
Specialty of physician  c  
 Pulmonary 13.2 Reference … Reference …
 Internal medicine 11.5 0.86 (0.75-0.97) .02 0.97 (0.80-1.17) .75
 General surgery 36.4 3.77 (3.21-4.42)  ,  .0001 4.26 (3.36-5.40)  ,  .0001
 Thoracic surgery 67.5 13.71 (12.22-15.38)  ,  .0001 14.79 (12.46-17.55)  ,  .0001
 Other 4.3 0.30 (0.19-0.47)  ,  .0001 0.37 (0.23-0.61)  ,  .0001
 Unknown 8.8 0.64 (0.5-0.81) .0002 0.46 (0.32-0.64)  ,  .0001

 See Table 1 legend for expansion of abbreviations. 
  a % Poverty is the percentage of people living in that patient’s census tract living below the poverty level. The variable itself has a  P  value of .036  . 
  b % Without a high school education is the percentage of people living in that patient’s census tract with that level of education. 
  c Refers to the physician who ordered or performed the fi rst invasive diagnostic test. For bronchoscopy and surgical procedures, this was the 
physician performing the procedure. For CT scan-guided biopsy, this was the referring physician. Internal medicine includes family practice and 
all subspecialties of internal medicine other than pulmonary medicine physicians. Surgery includes all other subspecialties of surgery other than 
thoracic or cardiothoracic surgery. Thoracic surgery and cardiothoracic surgery are included under thoracic surgery. 

Table 4—Continued
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 Table 5— Associations Between Specialty, Graduation Year, and Guideline-Consistent Care of Physicians Ordering or 
Performing the First Invasive Diagnostic Test  

Specialty  a  No. Patients Guideline-Consistent Care, % OR (95% CI)  P  Value

Internal medicine
 Prior to 1980 1,424 6.95 Reference …
 1980-1989 1,137 7.74 1.12 (0.83-1.51) .4469
 1990 1 498 6.83 0.98 (0.66-1.47) .9247
 Unknown 220 28.64 5.37 (3.76-7.67)  ,  .0001
Surgery
 Prior to 1980 499 34.87 Reference …
 1980-1989 316 41.77 1.34 (1.00-1.79) .0477
 1990 1 132 35.61 1.03 (0.69-1.54) .8747
 Unknown 157 62.42 3.10 (2.14-4.50)  ,  .0001
Oncology
 Prior to 1980 149 1.34 Reference …
 1980-1989 102 4.9 3.79 (0.72-19.92) .1157
 1990 1 42 2.38 1.79 (0.16-20.26) .6372
 Unknown 0 0 … …
Pulmonary
 Prior to 1980 3,816 8.54 Reference …
 1980-1989 3,102 13.09 1.61 (1.38-1.88)  ,  .0001
 1990 1 1,227 19.48 2.59 (2.16-3.10)  ,  .0001
 Unknown 591 12.86 1.58 (1.21-2.06) .0008
Other
 Prior to 1980 58 0 Reference …
 1980-1989 80 2.5 … .9326
 1990 1 50 0 … 1.00
 Unknown 8 0 … 1.00
Thoracic surgery
 Prior to 1980 1,190 70.84 Reference …
 1980-1989 705 71.77 1.05 (0.85-1.29) .6648
 1990 1 159 79.87 1.63 (1.09-2.45) .0183
 Unknown 355 74.65 1.21 (0.93-1.59) .1625
Unknown
 Prior to 1980 188 17.02 Reference …
 1980-1989 74 33.78 2.49 (1.35-4.60) .0036
 1990 1 18 22.22 1.39 (0.43-4.51) .5803
 Unknown 1,476 2.3 0.12 (0.07-0.19)  ,  .0001

 a For procedures, this was the physician performing the procedure. For CT scan-guided biopsy, this was the referring physician. Internal medicine 
includes family practice and all subspecialties of internal medicine other than oncology and pulmonary medicine physicians. Surgery includes all 
other subspecialties of surgery other than thoracic or cardiothoracic surgery. Thoracic surgery and cardiothoracic surgery are included under 
thoracic surgery.

younger counterparts ( P   ,  .001). This suggests that 
the system is failing to provide accessible effective 
quality training to practicing physicians. Although 
there is an abundance of continuing medical educa-
tion, none of these programs is suffi cient for invasive 
procedures, since they do not provide what is truly 
needed—supervised practice on patients in real life. 
This study demonstrates how defi cits in the sys tem of 
procedural training can eventually lead to suboptimal 
practice patterns at the system level (due to lack of 
skilled providers) and eventually to suboptimal patient 
outcomes. 

 Unfortunately, the existing regulatory and 
administrative-medical-legal system sets up so many 
barriers to hands-on training that practicing physi-
cians cannot overcome them. Ironically, it is much 
easier for a resident or fellow or even a student to 
travel to another institution to get training on patients 

than an attend ing physician. Yet the attending physi-
cian by defi nition has more experience and, therefore, 
should represent a lower risk. Thus, the root cause 
of the quality gaps we observe may lie outside of 
what many physicians conventionally think of as the 
health-care delivery system. However, fi nancial, reg-
ulatory, or legislative incentives are recognized quality-
improvement strategies.  26   Quality interventions are 
usually thought of as active interventions—meaning 
more new things, whether they are reminder systems, 
data relays, feedback, self-management, organizational 
changes, fi nancial incentives, licensure requirements, 
or accreditation. Ironically, what might prove more 
effective is less—meaning fewer barriers to obtaining 
additional hands-on training for practicing physicians. 
Although this would take careful legislative and admin-
istrative planning, the payoff would be immense, since 
it would impact not only lung cancer staging but all 
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 Table 6— Factors Associated With Mediastinal Sampling Being Performed in Patients With NSCLC  

Variables
Mediastinal Sampling 

Performed, %

Univariate Analysis Multivariate Analysis

Crude OR (95% CI)  P  Value Crude OR (95% CI)  P  Value

Patient age, y
 66-70 61.3 Reference … Reference …
 71-75 59.2 0.91 (0.83-1.00) .051 0.91 (0.83-1.01) .0654
 76-80 53.3 0.72 (0.65-0.79)  ,  .0001 0.69 (0.62-0.76)  ,  .0001
  .  80 42.0 0.46 (0.41-0.51)  ,  .0001 0.43 (0.38-0.49)  ,  .0001
Patient sex
 Male 55.2 Reference … … …
 Female 56.8 1.07 (1.00-1.15) .0647 … …
Patient race
 White 57.0 Reference … Reference …
 Hispanic 53.8 0.88 (0.74-1.04) .1274 0.97 (0.81-1.17) .7573
 Black 43.6 0.58 (0.51-0.67)  ,  .0001 0.66 (0.56-0.78)  ,  .0001
 Other 57.1 1.00 (0.83-1.21) .9774 1.05 (0.83-1.33) .6899
Urban/rural
 Big metro 57.2 Reference … … …
 Metro 55.6 0.94 (0.86-1.02) .1135 … …
 Urban 52.7 0.83 (0.72-0.96) .0116 … …
 Less urban 52.2 0.82 (0.72-0.92) .0012 … …
 Rural 53.9 0.88 (0.68-1.13) .2995 … …
Year of diagnosis
 1995 67.0 Reference … … …
 1996 63.8 0.87 (0.65-1.16) .3361 … …
 1997 65.5 0.94 (0.69-1.26) .6583 … …
 1998 61.3 0.78 (0.58-1.05) .0977 … …
 1999 65.2 0.92 (0.67-1.27) .6221 … …
 2000 61.3 0.78 (0.61-1.00) .0537 … …
 2001 55.3 0.61 (0.48-0.77)  ,  .0001 … …
 2002 54.9 0.60 (0.47-0.76)  ,  .0001 … …
 2003 54.1 0.58 (0.46-0.73)  ,  .0001 … …
 2004 53.5 0.57 (0.45-0.71)  ,  .0001 … …
 2005 53.1 0.56 (0.44-0.70)  ,  .0001 … …
 2006 52.8 0.55 (0.44-0.70)  ,  .0001 … …
 2007 53.2 0.56 (0.44-0.71)  ,  .0001 … …
SEER/TCR region
 California 58.9 Reference … Reference …
 Atlanta and rural Georgia 50.6 0.72 (0.58-0.88) .0019 0.73 (0.57-0.92) .0073
 Connecticut 65.8 1.34 (1.14-1.57) .0003 1.31 (1.09-1.58) .0043
 Detroit 60.0 1.05 (0.91-1.21) .5442 0.92 (0.76-1.11) .3831
 Hawaii 50.0 0.70 (0.52-0.95) .0209 0.65 (0.45-0.95) .0245
 Iowa 54.8 0.85 (0.73-0.99) .036 0.93 (0.75-1.15) .4957
 Kentucky 51.5 0.74 (0.64-0.86) .0001 0.74 (0.61-0.91) .0033
 Louisiana 40.5 0.48 (0.40-0.56)  ,  .0001 0.59 (0.48-0.72)  ,  .0001
 New Jersey 58.8 1.00 (0.87-1.14) .9424 1.17 (0.99-1.38) .058
 New Mexico 59.9 1.04 (0.76-1.42) .7909 1.05 (0.74-1.51) .7725
 Seattle 59.1 1.01 (0.83-1.22) .9209 1.19 (0.94-1.49) .1436
 Texas 52.9 0.79 (0.70-0.88)  ,  .0001 1.22 (1.06-1.41) .0061
 Utah 63.5 1.21 (0.82-1.79) .3266 1.25 (0.84-1.85) .2657
% Poverty  a  
  �  4.76% 60.4 Reference … … …
 4.77-9.07 57.0 0.87 (0.79-0.97) .0083 … …
 9.08-16.53 54.3 0.78 (0.71-0.87)  ,  .0001 … …
  .  16.53 49.6 0.65 (0.58-0.72)  ,  .0001 … …
 Unknown 67.4 1.36 (1.11-1.66) .0035 … …
% Non-high school  a  
  �  10.09 60.6 Reference … Reference …
 10.1-17.18 56.6 0.85 (0.77-0.94) .0015 0.87 (0.78-0.97) .0132
 17.19-27.8 54.0 0.76 (0.69-0.85)  ,  .0001 0.83 (0.74-0.92) .0009
  .  27.85 50.2 0.66 (0.59-0.73)  ,  .0001 0.8 (0.71-0.91) .0003

(Continued)
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TBNA is the most cost-effective strategy.  31   However, 
physicians may not believe it is worthwhile to learn 
this technology, since it will be a money loser for their 
practice as compared with alternative strategies of see-
ing more outpatients or performing other procedures 
that are reimbursed better. Strategies such as refer-
ring patients for CT scan-guided biopsy or proceeding 
directly to thoracotomy are much more attractive. For 
established physicians many years out of fellowship 
this is likely to be particularly relevant. This is further 
compounded by inconsistencies in the reimbursement 

areas of procedural interventions, and the payoff 
would continue with each new cycle of technological 
innovation. Certainly there are many other determi-
nants that impact quality gaps and implementation 
delays, and the degree to which training barriers 
impact these will vary with the procedure and the 
technology. But making even a small dent in such a 
large and recurring problem would be signifi cant. 

 Another system-level factor that may be contribut-
ing to TBNA underuse is fi nancial.  27-30   Previous studies 
have shown that from a payer perspective EBUS-

Variables
Mediastinal Sampling 

Performed, %

Univariate Analysis Multivariate Analysis

Crude OR (95% CI)  P  Value Crude OR (95% CI)  P  Value

 Unknown 67.4 1.34 (1.10-1.65) .0045 1.04 (0.60-1.80) .8982
Comorbidity
 0 59.6 Reference … Reference …
 1 54.8 0.82 (0.76-0.89)  ,  .0001 0.83 (0.76-0.90)  ,  .0001
 2 1 48.1 0.63 (0.57-0.69)  ,  .0001 0.65 (0.59-0.72)  ,  .0001
T stages
 T1/T0 69.6 Reference … Reference …
 T2 56.4 0.56 (0.51-0.62)  ,  .0001 0.61 (0.55-0.68)  ,  .0001
 T3 35.8 0.24 (0.21-0.28)  ,  .0001 0.28 (0.24-0.32)  ,  .0001
 Unknown 48.8 0.42 (0.37-0.47)  ,  .0001 0.38 (0.33-0.43)  ,  .0001
Physician sex
 Male 55.6 Reference … … …
 Female 49.3 0.78 (0.67-0.90) .0007 … …
 Unknown 61.6 1.28 (1.15-1.44)  ,  .0001 … …
Physician graduation year
 Prior to 1980 56.1 Reference … … …
 1980-1989 54.8 0.95 (0.87-1.03) .199 … …
 1990 1 52.9 0.88 (0.79-0.98) .02 … …
 Unknown 61.6 1.26 (1.12-1.41) .0002 … …
Trained in the United States
 Yes 56.4 Reference … … …
 No 52.0 0.84 (0.77-0.91)  ,  .0001 … …
 Unknown 61.0 1.21 (1.07-1.37) .0024 … …
Degree
 MD 55.7 Reference … … …
 DO 48.4 0.75 (0.63-0.89) .0009 … …
 Unknown 61.0 1.25 (1.10-1.41) .0004 … …
Total No. of patients
 1 53.2 Reference … Reference …
 2-5 56.2 1.13 (1.03-1.23) .0095 1.08 (0.96-1.20) .1941
 6-10 57.8 1.21 (1.09-1.33) .0003 1.22 (1.06-1.39) .0048
  .  10 57.6 1.19 (1.07-1.33) .0016 1.04 (0.87-1.24) .6748
Specialty of physician  b  
 Pulmonary 50.5 Reference … Reference …
 Internal medicine 49.0 0.94 (0.86-1.03) .2046 0.98 (0.88-1.10) .7499
 General surgery 64.4 1.78 (1.51-2.09)  ,  .0001 1.82 (1.48-2.25)  ,  .0001
 Thoracic surgery 84.3 5.25 (4.59-6.01)  ,  .0001 4.68 (3.98-5.50)  ,  .0001
 Other 40.0 0.65 (0.53-0.80)  ,  .0001 0.66 (0.53-0.83) .0004
 Unknown 54.5 1.17 (1.01-1.36) .036 1.08 (0.91-1.29) .3589

See Table 1 legend for expansion of abbreviations.
 a % Poverty and % without a high school education is the percentage of people living in that patient’s census tract living below the poverty level or 
with that level of education.
 b Refers to the physician who ordered or performed the fi rst invasive diagnostic test. For bronchoscopy and surgical procedures, this was the 
physician performing the procedure. For CT scan-guided biopsy, this was the referring physician. Internal medicine includes family practice and all 
subspecialties of internal medicine other than oncology and pulmonary medicine physicians. Surgery includes all subspecialties of surgery other 
than thoracic or cardiothoracic surgery. Thoracic surgery and cardiothoracic surgery are included under thoracic surgery.
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 Regional or structural differences in insurance 
companies may also be contributing. It is frequently 
the case that guidelines call for no biopsy of the pri-
mary tumor but rather a PET scan to identify extent 

system of Medicare, which pays for ultrasound facil-
ities fees for endoscopy but not bronchoscopy.  30   On 
balance, these economic factors are probably contrib-
uting to the relative scarcity of quality care as well. 

 Table 7— Use of TBNA Among Pulmonologists Caring for Patients With Lung Cancer as a Function of Medical School 
Graduation Year  

Year of Medical School Graduation

Did Not Perform Any TBNA Procedures 
but Ordered or Performed Other 

Invasive Diagnostic Tests Performed One or More TBNA Procedures Total  a  

Prior to 1980 564 (79) 150 (21)  b  714 (100)
1980-1989 470 (71) 189 (29)  b  659 (100)
1990 1 256 (65) 138 (35)  b  394 (100)
Unknown 170 (80) 42 (20) 212 (100)
Total 1,366 (72) 521 (28) 1,979 (100)

Data are presented as No. (%). See Table 2 legend for expansion of abbreviation.
 a Total is the number of pulmonologists ordering and/or performing invasive diagnostic testing in patients with lung cancer in this cohort. Invasive 
tests include bronchoscopy or referral for CT scan-guided biopsy.
 b  P  value  ,  .001.

 Table 8— Factors Associated With TBNA Use Among Pulmonologists  

Variables % Having TBNA

Univariate Analysis Multivariate Analysis

Crude OR (95% CI)  P  Value Crude OR (95% CI)  P  Value

Patient age, y
 66-70 12.0 Reference … Reference …
 71-75 10.0 0.82 (0.68-0.98) .0291 0.82 (0.69-0.98) .0265
 76-80 10.3 0.84 (0.70-1.03) .0869 0.84 (0.70-1.00) .0458
  .  80 8.5 0.68 (0.53-0.87) .0022 0.69 (0.54-0.87) .0016
Patient sex
 Male 10.7 Reference … … …
 Female 10.3 0.96 (0.83-1.11) .6024 … …
Patient race
 White 10.6 Reference … … …
 Hispanic 9.0 0.83 (0.57-1.20) .3238 … …
 Black 11.8 1.12 (0.86-1.47) .3969 … …
 Other 6.6 0.60 (0.36-0.99) .0439 … …
Urban/rural
 Big metro 9.9 Reference … Reference …
 Metro 11.7 1.20 (1.02-1.42) .0292 1.75 (1.36-2.26)  ,  .0001
 Urban 10.0 1.01 (0.74-1.36) .9763 1.40 (0.99-1.98) .0565
 Less urban 10.3 1.05 (0.81-1.34) .7277 1.48 (1.09-2.01) .0128
 Rural 10.1 1.02 (0.62-1.67) .9531 1.52 (0.97-2.37) .0672
Year of diagnosis
 1995 9.1 Reference … … …
 1996 6.2 0.66 (0.32-1.35) .2517 … …
 1997 6.9 0.74 (0.37-1.50) .4082 … …
 1998 7.9 0.86 (0.44-1.69) .664 … …
 1999 7.9 0.85 (0.42-1.76) .6672 … …
 2000 10.2 1.14 (0.65-1.97) .6521 … …
 2001 9.5 1.05 (0.62-1.76) .8703 … …
 2002 9.7 1.07 (0.64-1.81) .795 … …
 2003 9.5 1.04 (0.62-1.76) .8714 … …
 2004 12.3 1.40 (0.84-2.32) .1994 … …
 2005 11.2 1.26 (0.75-2.11) .383 … …
 2006 12.2 1.38 (0.83-2.31) .2173 … …
 2007 13.1 1.51 (0.90-2.53) .1154 … …
SEER/TCR region
 California 7.9 Reference … Reference …
 Atlanta and rural Georgia 6.6 0.82 (0.5-1.37) .4546 1.15 (0.65-2.05) .6308

(Continued)
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Variables % Having TBNA

Univariate Analysis Multivariate Analysis

Crude OR (95% CI)  P  Value Crude OR (95% CI)  P  Value

 Connecticut 7.4 0.94 (0.62-1.41) .757 0.74 (0.41-1.33) .3138
 Detroit 17.8 2.54 (1.88-3.43)  ,  .0001 3.51 (2.30-5.37)  ,  .0001
 Hawaii 6.2 0.77 (0.35-1.71) .5237 0.64 (0.25-1.64) .3495
 Iowa 10.0 1.29 (0.93-1.80) .1278 1.52 (0.94-2.46) .0857
 Kentucky 8.6 1.10 (0.75-1.60) .6314 1.14 (0.71-1.82) .5932
 Louisiana 2.9 0.35 (0.20-0.60) .0001 0.31 (0.16-0.61) .0006
 New Jersey 11.9 1.58 (1.18-2.12) .0021 1.52 (1.00-2.30) .0496
 New Mexico 10.9 1.43 (0.72-2.84) .3114 1.16 (0.50-2.66) .7292
 Seattle 21.4 3.18 (2.26-4.49)  ,  .0001 2.45 (1.51-4.00) .0003
 Texas 11.8 1.56 (1.22-2.00) .0004 1.02 (0.70-1.49) .9137
 Utah 16.1 2.24 (1.22-4.12) .0092 1.74 (0.76-3.99) .1867
% Poverty  a  
  �  4.76 10.6 Reference … … …
 4.77-9.07 10.2 0.96 (0.77-1.18) .6705 … …
 9.08-16.53 12.3 1.18 (0.97-1.45) .1012 … …
  .  16.53 8.9 0.82 (0.66-1.03) .0827 … …
 Unknown 9.3 0.86 (0.55-1.34) .5078 … …
% Non-high school  a  
  �  10.09 10.5 Reference … … …
 10.1-17.18 11.6 1.11 (0.91-1.37) .3052 … …
 17.19-27.8 11.3 1.09 (0.89-1.34) .4133 … …
  .  27.85 8.7 0.81 (0.65-1.01) .0622 … …
 Unknown 9.3 0.87 (0.56-1.36) .5429 … …
Comorbidity
 0 11.2 Reference … … …
 1 10.3 0.91 (0.77-1.07) .2501 … …
 2 1 9.1 0.79 (0.65-0.97) .0211 … …
T stages
 T1 (include T0) 10.8 Reference … Reference …
 T2 9.0 0.82 (0.67-1.01) .0638 0.91 (0.75-1.12) .3773
 T3 9.7 0.89 (0.66-1.20) .4401 0.91 (0.67-1.25) .5681
 Unknown 13.9 1.34 (1.07-1.67) .011 1.88 (1.48-2.38)  ,  .0001
Physician sex
 Male 10.2 Reference … … …
 Female 12.4 1.24 (0.93-1.65) .1373 … …
 Unknown 12.1 1.21 (0.90-1.62) .1997 … …
Physician graduation year
 Prior to 1980 7.2 Reference … Reference …
 1980-1989 11.4 1.66 (1.39-1.99)  ,  .0001 1.79 (1.36-2.35)  ,  .0001
 After 1990 17.1 2.67 (2.18-3.27)  ,  .0001 2.66 (1.98-3.58)  ,  .0001
 Unknown 12.1 1.79 (1.31-2.45) .0002 2.38 (1.03-5.50) .0432
Trained in the United States
 Yes 11.8 Reference … Reference …
 No 6.6 0.53 (0.44-0.65)  ,  .0001 0.54 (0.41-0.71)  ,  .0001
 Unknown 11.9 1.01 (0.73-1.40) .9344 0.67 (0.27-1.66) .3834
Degree
 MD 10.2 Reference … … …
 DO 14.7 1.52 (1.13-2.03) .0052 … …
 Unknown 11.9 1.19 (0.87-1.64) .2815 … …
Total No. of patients
 1 12.3 Reference … … …
 2-5 9.6 0.76 (0.58-1.00) .0525 … …
 6-10 10.3 0.82 (0.62-1.08) .1566 … …
  .  10 11.4 0.92 (0.69-1.21) .5429 … …

Population is all patients with an invasive test done by pulmonologists (n  5  7,695). Hierarchical analysis with patients nested within physicians. 
% Having TBNA is the percentage of patients that ever had TBNA done prior to initiation of treatment. See Table 1 and 2 legends for expansion of 
abbreviations.
 a % Poverty and % without a high school education is the percentage of people living in that patient’s census tract living below the poverty level or 
with that level of education.
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of disease, yet insurance companies may deny the 
PET scan unless a biopsy has been performed. This 
may lead to many physicians adopting an approach of 
biopsy fi rst, even in the face of a strong clinical suspi-
cion of lung cancer. Evidence-based medicine should 
be used to drive practice patterns and insurance com-
pany policy, rather than having insurance company 
policy determine practice patterns. 

 In summary, we found that there are signifi cant 
quality gaps in the diagnosis and staging of patients 
with lung cancer. Guideline-consistent care, defi ned 
as sampling the mediastinum fi rst in patients with 
suspected lung cancer, mediastinal adenopathy, and no 
distant metastases, only occurred in 21% of patients. 
The probability of guideline-consistent care varied 
with physician specialty and graduation year and par-
alleled use of TBNA. We found signifi cant regional 
variation in care, suggesting that system-level prob-
lems are contributing to the quality gap. One of the 
root causes of the quality gap probably lies in the pro-
cedural training system for physicians. In particular, a 
lack of effective training in fellowship as well as a lack 
of access to effective procedural training for prac-
ticing physicians after graduation is probably contrib-
uting to the gap. Addressing the root causes of the 
quality gap in lung cancer will require educational 
initiatives as well as fundamental reforms that facili-
tate more effective training. 
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