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ABSTRACT
Introduction. Efficient execution of image-guided percutaneous 
biopsy is a procedural competency milestone in radiology training. 
Despite the importance of achieving such mastery, literature on suc-
cessful execution by residents is limited. The purpose of this study 
was to evaluate resident performance as measured by nondiagnostic 
biopsy and major complication percentages, on CT-guided transtho-
racic core needle biopsies (TTNB) of lung and mediastinal lesions.
Methods.xA 12-year retrospective cohort study was conducted using 
charts from an academic hospital, 2006 - 2018, to evaluate TTNBs. 
Inclusion criteria were ≥ 18 years of age and ≥ 1 follow-up CT scan 
and chest x-ray. Bivariable associations by outcome(s) were evalu-
ated. 
Results. Of 1,191 biopsies conducted, case distribution was 41%, 
26%, 18%, and 15% for postgraduate years (PGY) 2 - 5, respectively. 
Results from biopsies were 139 (11.7%) nondiagnostic, 218 (18.3%) 
benign, and 834 (70.0%) malignant cases. Resident year by nondiag-
nostic outcome was not significant; p = 0.430. There were 148 major 
complications. Complication rate by PGY 2 - 5 was 13.0%, 13.3%, 
12.9%, and 9.2%, respectively; differences were not significant, p = 
0.488. Of the 139 nondiagnostic cases, 42 were re-biopsied during 
the study period with 81% re-classified as malignant; no repeat biopsy 
was observed for the remaining 97 nondiagnostic cases.
Conclusion. Of 1,191 lung/mediastinal biopsies analyzed, nearly 12% 
were nondiagnostic and over 12% had major complications; neither 
associated with resident level of experience. Outcomes were not 
affected significantly by level of training. Residency programs may 
benefit from affording opportunities for newer PGY classes to par-
ticipate in procedures. Nondiagnostic cases may benefit from timely, 
repeat biopsies.  Kans J Med 2020;13:235-241

INTRODUCTION
Computed tomography (CT) guided transthoracic needle biopsy 

(TTNB) is a minimally invasive diagnostic procedure for tissue diag-
nosis of peripheral lung nodules.1 Since the first use of a needle to 
diagnose lung pathology in 1883,2 percutaneous TTNB has evolved 
with the fields of radiology and cytopathology to become an everyday 
tool in safely evaluating indeterminate pulmonary nodules or inflam-

matory processes.3 
TTNB is less invasive and associated with lower morbidity and 

mortality than an open, surgical biopsy, yet it is not without complica-
tions.4,5 Pneumothorax and hemorrhage are a common occurrence. 
One large meta-analysis found the overall complication rates reached 
38%, with major complication rates as high as 5.7%.6 Further, there is 
always the risk of unsuccessful sampling. Expert consensus guidelines 
on quality improvement have set the risk of obtaining a nondiagnostic 
biopsy as high as 25% in CT-guided TTNBs.4

The successful and efficient execution of image-guided biopsies 
has become a U.S. competency milestone in both diagnostic and 
interventional radiology training.7,8 Despite the importance of achiev-
ing mastery in this technique, research is lacking for evaluating the 
acquisition of CT-guided TTNB procedural skills during residency 
training. With the adoption of the United States Preventive Services 
Task Force’s 2013 recommendations for annual lung cancer screen-
ing, it is important to assess this core competency for residents.9 

Thus, the purpose of this study was to measure diagnostic success 
and complication rates of CT-guided TTNB when performed by resi-
dent physicians of varying experience levels.

METHODS
This project was approved by the institutional review board at 

the Wichita Medical Research & Education Foundation. Study data 
were collected and managed using Research Electronic Data Capture 
(REDCap®) electronic data capture tools hosted at the University of 
Kansas Medical Center.10

Study Population. A retrospective cohort study to evaluate 
TTNBs was conducted at an academic hospital in the heartland of 
the USA from July 2006 to July 2018. Inclusion criteria were indi-
viduals, either inpatient or outpatient, 18 years of age or older, who 
received a transthoracic, core-needle biopsy performed by resident, 
and with a follow-up CT scan and at least one follow-up chest x-ray 
to allow for adequate monitoring of post-procedural complications. 
Exclusion criteria were patients whose procedures were performed 
without a resident physician, without a follow-up CT scan, without a 
finalized pathology report, and those enrolled in a concurrent study 
aimed at prevention of pneumothorax.

Outcomes. Primary and secondary outcomes were diagnostic 
yield and major complication rates of TTNBs performed by residents. 
Diagnostic yield was dichotomized as diagnostic versus nondiagnos-
tic, with diagnostic defined as procurement of sufficient material 
to establish a pathologic diagnosis or guide patient management.4 
Biopsy specimens were classified as benign or malignant. Nondiag-
nostic biopsies were identified as such in the pathology report or if 
the specimen did not allow the formulation of a definitive plan for 
treatment. Updated diagnostic classifications from repeat biopsies 
also were evaluated on a subsample.

Complications were classified as major or minor. Major complica-
tions were defined as pneumothorax requiring intervention (chest 
tube placement or manual aspiration), hemothorax, air embolism, 
and needle tract seeding. Minor complications were defined as pneu-
mothorax without need for intervention, pulmonary hemorrhage, 
hematoma, and transient hemoptysis. 
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weight. Because height and weight were missing from many of the 
patient records, a surrogate measure for body mass index and chest 
wall thickness, was reported. Information collected regarding the 
biopsy procedure included region, patient position, approach, needle 
size, number of cores collected, if the lesion was abutting the pleura, 
and total tissue traversed (measured by the entry point of the chest 
wall to the lesion). Lesion size was measured along its longest plane.

Because resident level of experience was important to evaluate, a 
bias assessment by experience was conducted utilizing all variables 
of interest. Resident postgraduate year was calculated using the date 
of the biopsy and the start date of residency based on alumni records 
provided by the residency program. Level of experience was classified 
as PGY 2, PGY 3, PGY 4, and PGY 5.

Procedure. All TTNBs were performed with the patient placed 
in a CT scanner. The biopsy site was marked and anesthetized, and 
a coaxial needle was inserted percutaneously under fluoroscopic 
guidance (Figure 1). Biopsy of the lesion was attempted through the 
coaxial needle. A post-procedure CT scan was performed imme-
diately afterward, followed by at least one chest x-ray to assess for 
complications. Specimens were sent to the pathology lab for process-
ing and analysis and on-site cytology was not used during the 12-year 
study period.

Figure 1. Coaxial needle placement into a peripheral lesion of the left lung.

Statistical Analysis Plan. A power analysis was conducted in 
IBM SPSS SamplePower 3.0 using logistic regression to test the dif-
ference in nondiagnostic yield between PGY 2 and PGY 5. Yield rates 
were established from a prior study evaluating fine needle aspiration 
biopsies of thyroid nodules;11 event rates were 14.6% for PGY 2s and 
9.5% for PGY 5s. A sample size of 1,297 would be sufficient to detect 
a difference of 5.1% between groups with 80% power and a 5% sig-
nificance level. 

Data were de-identified and descriptive statistics conducted by 
outcome(s). Continuous variables were assessed for normality with 
the Kolmogorov-Smirnov test and were summarized with medians, 
means, and standard deviations. Bivariable associations by 
outcome(s) were evaluated with nonparametric Mann-Whitney U 
tests, Chi-square tests of independence, and, when data were sparse, 
by Fisher’s exact tests. Missing values were evaluated; however, due 
to non-randomness, no imputations were conducted.

     RESIDENT EXPERIENCE AND LUNG BIOPSY OUTCOMES
      continued. 

RESULTS
Data were collected from 1,318 cases where lung biopsies were 

conducted (Figure 2). One case was excluded where the patient was 
less than 18 years of age. Forty-eight cases were excluded where a 
resident did not participate. Seventy-four cases were excluded where 
patients were participants in a clinical trial to prevent pneumothorax, 
and four cases were excluded in which the patient was both involved 
in the clinical trial and did not have a resident participating in the 
procedure. The analysis included 1,191 cases. Of these, 53% (626 
of 1,191) patients were male and 47% (565/1,191) were female; the 
average age was 67 years, and median lesion size was 3.2 cm. A total of 
51 residents conducted biopsies under supervision. Case distribution 
was 41%, 26%, 18%, and 15% for PGY 2 - 5, respectively. Percentage 
of nondiagnostic yield was 11.7% (139/1,191), while major complica-
tion was 12.4% (148/1,191).

Figure 2. Participant flow.

Bivariate associations with diagnostic yield are shown in Table 1. 
Incidence by PGY 2 - 5 was 13.0%, 13.3%, 12.9%, and 9.2%, respec-
tively (Figure 3). No significant results were observed by postgraduate 
year, p = 0.430. Significant differences were observed for patient age, 
lesion size, needle size, and number of biopsy cores. Incidence of 
benign findings on initial biopsy was 18.3% (218/1,191), and malig-
nant was 70.0% (834/1,191). Updated classifications revealed that 
a total of 74.2% [(834+50)/1,191] were malignant after taking into 
account repeated biopsies.
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Figure 3. Diagnostic yield by resident level of experience. 

Incidence of major complications included pneumothorax not 
requiring intervention was 32.9%, for pulmonary hemorrhage it was 
20.4%, and for pneumothorax requiring intervention it was 12.0%, 
among others. Table 2 shows characteristics of patients, procedure, 
and findings by major complication. Compared to females, a greater 
proportion of males experienced major complications, 61.5% vs. 
38.5%; p = 0.020. Major complications were observed for smaller 
median lesion, 25.0 cm vs. 34.1 cm, p < 0.001; and were more likely 
to occur when the patient position was supine, p = 0.039. Significant 
differences also were observed when lesions abutted the pleura, and 
when greater median total tissue was traversed.

Incidence of major complication(s) by PGY 2-5 was 11.4%, 14.2%, 
10.1%, and 10.4%, respectively (Figure 4). No significant results were 
observed by postgraduate year, p = 0.575.

Figure 4. Major complication(s) by resident level of experience.

There was no indication of bias by resident level of experience. 
Bivariate results of the bias assessment for resident year showed that, 
except for needle size, p = 0.008, no other variables were significant, 
demonstrating that residents conducted biopsies on similar patients 
and obtained similar outcomes (results not shown). 

A total of 87 patients were re-biopsied after their initial pathol-
ogy reading. Of the 10 cases originally classified as malignant, all 10 
were confirmed as malignant. Conversely, repeated biopsies showed 
that 50 patients had malignant lesions originally classified as either 
benign (16 cases) or nondiagnostic (36 cases), representing approxi-
mately 46% and 86% missed cancer diagnosis rate when benign or 
nondiagnostic biopsies were repeated, respectively. Figure 5 shows 
the proportion of malignancies confirmed on repeat biopsy by resi-
dent experience level. While PGY 5 had the highest proportion, they 
also had the fewest repeated biopsies. Last, repeated biopsies for the 
remaining 27 patients (originally classified as benign or nondiagnos-
tic) were not malignant. Important, however, was the finding that no 
repeated biopsy was observed during the study period for 97 of the 
nondiagnostic cases or for 183 of the benign cases.

Figure 5. Cancer found on repeated biopsy of originally nondiagnostic or 
benign tissue samples by resident level of experience.

DISCUSSION
 Over the last 40 years, hundreds of articles have been published 
about CT-guided core needle lung biopsies. We believe that we have 
the first study to evaluate the role that resident seniority plays in 
the outcomes of such biopsies. Our results showed that an increas-
ing level of resident experience was not associated significantly 
with lower nondiagnostic rates or complication rates. Similarly, the 
incidence of repeated biopsy and the incidence of missed malig-
nancy discovered on repeated biopsy were not significantly different 
between postgraduate years. These results suggested that outcomes 
are not affected significantly by level of training and that programs 
may benefit from affording opportunities for newer PGY classes to 
participate in procedures.
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                 continued. 

Table 1. Characteristics of patients and procedure by diagnostic yield. 
Diagnostic yield

Diagnostic biopsy Nondiagnostic biopsy
Description n = 1,052 88.3% n = 139 11.7% p
Sex Male 557 52.9 69 49.6 0.463

Female 495 47.1 70 50.4
Median patient age; year; mean (SD) 68.0; 67.0 (12.0) 65.0; 64.0 (14.0) 0.017*
Age group, years < 60 301 28.6 53 38.1 0.021

> 60 751 71.4 86 61.9
Median chest wall thickness; mm; mean (SD) 39.2; 41.4 (15.8) 40.9; 42.6 (15.4) 0.294
Biopsy site Lung 1,003 95.3 132 95.0 0.843

Mediastinum 49 4.7 7 5.0
Biopsy region Right upper lobe 285 28.4 42 31.8 0.566

Left upper lobe 241 24.0 35 26.5
Right lower lobe 217 21.6 27 20.5
Left lower lobe 193 19.2 18 13.6

Right middle lobe 67 6.7 10 7.6
Median lesion size, cm; mean (SD) 33.2; 40.5 (26.2) 28.7; 35.9 (25.6) 0.013*
Lesion size; cm < 20 236 22.4 47 33.8 0.032

20 - 29.99 226 21.5 26 18.7
30 - 49.99 285 27.1 32 23.0

≥ 50 305 29.0 34 24.5
Resident year** PGY 2 429 41.1 55 39.6 0.430

PGY 3 265 25.4 44 31.7
PGY 4 195 18.7 22 15.8
PGY 5 155 14.8 18 12.9

Patient position Prone 470 44.7 59 42.4 0.880
Supine 432 41.1 59 42.4
Other 150 14.3 21 15.1

Biopsy approach Anterior 332 31.7 44 31.7 0.806
Posterior 482 46.0 64 46.0

Lateral 129 12.3 20 14.4
Other 105 10.0 11 7.9

Needle size (gauge) ≤ 18 782 74.4 68 48.9 < 0.001
> 18 269 25.6 71 51.1

Number of biopsy cores ≤ 2 225 21.5 31 22.6 0.001
3 418 40.0 36 26.3
4 230 22.0 30 21.9

> 4 173 16.5 40 29.2
Lesion abutting the pleura Yes 611 58.2 84 60.4 0.623

No 438 41.8 55 39.6
Median total tissue; mm; mean (SD) 53.2; 56.3 (23.8) 54.0; 57.4 (24.3) 0.732*
Tissue traversed; mm < 20 36 3.4 3 2.2 0.730

20 - 40 259 24.7 35 25.2
> 40 754 71.9 101 72.7

*Mann-Whitney U test. 
**Eight cases had missing resident experience level data.
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Table 2. Characteristics of patients, procedure, and findings by major complications.  
Major complications

Yes No
Description n = 148 12.4% n = 1,043 87.6% p
Sex Male 91 61.5 535 51.3 0.020

Female 57 38.5 508 48.7
Median patient age; year; mean (SD) 67.0; 66.0 (12.0) 68.0; 67.0 (13.0) 0.265*
Age group, years < 60 43 29.1 311 29.8 0.849

> 60 105 70.9 732 70.2
Median chest wall thickness; mm; mean (SD) 38.2; 40.0 (13.8) 39.8; 41.8 (16.0) 0.264
Biopsy site Lung 143 96.6 992 95.1 0.416

Mediastinum 5 3.4 51 4.9
Biopsy region Right upper lobe 52 36.4 275 27.7 0.111

Left upper lobe 34 23.8 242 24.4
Right lower lobe 29 20.3 215 21.7
Left lower lobe 17 11.9 194 19.6

Right middle lobe 11 7.7 66 6.7
Median lesion size, cm; mean (SD) 25.0; 30.3 (17.6) 34.1; 41.3 (26.9) < 0.001*
Lesion size group; cm < 20 49 33.1 234 22.4 < 0.001

20 - 29.99 39 26.4 213 20.4
30 - 49.99 39 26.4 278 26.7

≥ 50 21 14.2 318 30.5
Resident year** PGY 2 63 42.6 421 40.7 0.575

PGY 3 41 27.7 268 25.9
PGY 4 28 18.9 189 18.3
PGY 5 16 10.8 157 15.2

Patient position Prone 57 38.5 472 45.3 0.039
Supine 75 50.7 416 39.9
Other 16 10.8 155 14.9

Biopsy approach Anterior 56 38.4 320 30.7 0.062
Posterior 58 39.7 488 46.9

Lateral 13 8.9 136 13.1
Other 19 13 97 9.3

Needle size (gauge) ≤ 18 94 63.5 756 72.6 0.023
> 18 54 36.5 286 27.4

Number of biopsy cores ≤ 2 41 27.7 215 20.8 0.209
3 53 35.8 401 38.7
4 33 22.3 227 21.9

> 4 21 14.2 192 18.6
Lesion abutting the pleura Yes 121 82.9 574 55.1 < 0.001

No 25 17.1 468 44.9
Median total tissue traversed; mm; mean (SD) 65.6; 67.9 (25.1) 52.0; 54.9 (23.3) < 0.001*

*Mann-Whitney U test. 
**Eight cases had missing resident experience level data.
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ence level on non-procedural competency. One study which analyzed 
image reading discrepancies between PGY 2 - 5 residents and the 
attending physician found a small but significant decrease in discrep-
ancy rate between 1st/2nd year residents and the 3rd/4th year residents.12 
As expected, the highest discrepancy rates were among the 1st and 2nd 
year residents. Another study looking at diagnostic discordances for 
diffusion-weighted magnetic resonance imaging in the emergency 
department found similar results with the rate of discordance between 
residents and attendings to be highest for the PGY 2 resident and 
lowest for the PGY 5 resident.13

There is scant literature describing the impact that resident experi-
ence level has on outcomes of procedures. A recent 2014 study utilized 
eight years of data on resident-performed fine needle aspirations of 
the thyroid to assess nondiagnostic rate.11 Results showed a significant 
inverse relationship with nondiagnostic rate and postgraduate year 
for residents without prior surgical training or subsequent training in 
interventional radiology, potentially serving as an indicator of proce-
dural interest. Another study looked at the difference in fluoroscopy 
time for isolated temporary jugular central venous catheterization 
procedures performed by radiology residents versus attending radiolo-
gists.14 Mean fluoroscopy time of resident catheterizations was twice as 
long as that of attendings with increasing years of training for residents 
not significantly reducing fluoroscopy time. A handful of other studies 
have examined the associations of resident physician experience with 
procedural success in procedures such as chest port placement, uterine 
artery embolization, electromyography needle electrode placement, 
and prostate biopsies.15-18 Consistent with our study, these studies failed 
to show any significant difference between outcomes and operator 
experience level.

The body of literature on the attainment of procedural skills during 
residency has illuminated other variables that are associated with 
surgical skills beyond just post-graduate year. One study identified 
that a resident predilection toward an observation-style of learning 
as opposed to an action-based style was associated with transfer to a 
non-surgical residency or non-physician field.19 In addition to learning 
style, past hobby video game play has been suggested to predict lapa-
roscopic surgical skills.20 Another study found that interns designated 
for a general surgery residency program performed better in a laparo-
scopic skills test than their peers while older trainees were slower to 
develop technical skills.21

Our study found several significant bivariate associations with both 
major complications and nondiagnostic outcomes. Successful diagnos-
tic biopsies were more common in older patients, with larger lesions, 
using needle size ≤ 18 gauge, and obtaining less than four biopsy cores. 
Complications were avoided more often in female patients, with larger 
lesions,  lesions not abutting the pleural surface, using prone positioning, 
and traversing less tissue. These findings highlighted the importance of 
the role patient selection plays in the successful outcome of procedures. 
The pattern associated with nondiagnostic biopsies may have revealed 
a bias to take younger patients with non-cancerous, smaller lesions to 
biopsy that otherwise may have been observed if they were of older age.

    RESIDENT EXPERIENCE AND LUNG BIOPSY OUTCOMES
         continued. 

Prior studies have attempted to demonstrate factors associated with 
diagnostic and complication rates with core needle lung biopsies. A 
recent meta-analysis of 32 of these studies reported small lesion size, 
mean patient age, use of a coaxial needle, use of biopsy device, and use 
of CT-fluoroscopy to all be risk factors for complications, though none 
reached significance.6 A previous study analyzing diagnostic accuracy 
similarly did not find significant risk factors for a nondiagnostic sample 
when using a core needle, though the depth of the lesion from the pleural 
surface approached significance.22 Another showed that nondiagnostic 
biopsies were most likely to occur when there was a moderate or high 
pretest probability of infection, as opposed to malignancy, though this 
study was performed with fine needle aspirations as opposed to core 
needle biopsies.23 Only a handful of studies analyzing risk factors for 
nondiagnostic and complication rates of core needle lung biopsies have 
recorded operator experience as a variable, making our study unique. 
One 2004 study reported radiologist experience as the third major risk 
factor for pneumothorax, though this study only analyzed four radi-
ologists.24 The studies that looked at operator experience as a variable 
typically reported it as an overall mean value, rather than by individual 
operator.6 

Of the 139 biopsies classified as nondiagnostic on initial biopsy 
in our study, less than 1/3 were re-sampled. Over 80% of those that 
got re-sampled contained cancer on re-biopsy. Biopsies classified as 
nondiagnostic on the pathology report should be viewed with caution 
and integrated with other clinical information before foregoing further 
diagnostic testing.

Limitations. There was considerable variability at our institu-
tion in operational autonomy granted by attending physicians. Some 
attendings give substantial free reign to the resident, whereas others 
are hesitant to let even senior residents become too involved in the 
case. Residents in the study were on their CT rotation, thus attending-
resident pairing was by chance and changed daily. We were unable to 
quantify how much of a role the resident played in each procedure, 
however, it is reasonable to presume that more senior residents likely 
had more procedural involvement, regardless of the attending. 

As opposed to what one may think, difficult cases generally are not 
handled by more senior residents, but were assigned randomly a week 
ahead of time. We also recognized the subjective nature of our defini-
tion of a diagnostic sample: “sufficient material to establish a pathologic 
diagnosis or guide appropriate patient management”.4 This could be 
interpreted differently depending on the physician. 

The number of additional days of hospitalization required with 
pneumothoraxes that required intervention were not recorded. This 
limited our understanding of which pneumothoraxes were truly 
major complications and falsely elevated our major complication 
rate. In addition, the retrospective nature of the study limited our 
data, preventing consistent recording of patient body mass index, 
smoking status, comorbidities, and resident level of interest in pro-
cedures. We also did not collect information on whether residents 
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had completed a surgical intern year or if they eventually underwent 
an interventional radiology fellowship, which may have served as 
markers of higher interest in mastering their procedural skills. Last, 
the study was performed at a single institution/residency program 
and our procedural technique may not match that of other programs, 
potentially limiting its generalizability to other residency programs.

CONCLUSION
Of 1,191 biopsies analyzed, nearly 12% were nondiagnostic and 

over 12% had major complications; neither being associated with 
resident level of experience. These results suggested outcomes were 
not affected significantly by level of training. Programs may benefit 
from affording opportunities for newer PGY classes to participate in 
procedures. These results should provide confidence to the patients 
undergoing lung biopsies at an academic institution. They can be 
reassured that regardless of the seniority of their resident operator, 
they will receive an equivalent quality of care when it comes to diag-
nostic sampling. Furthermore, nondiagnostic cases may benefit from 
repeat biopsy procedure and operators should consider having a low 
threshold for re-biopsy.
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