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Abstract

Background: Increased complications have been demon-
strated in patients undergoing some medical procedures
performed by trainees. Flexible bronchoscopy is generally
considered a safe procedure; however, complications canin-
clude pneumothorax, bleeding and even death. Objectives:
This study aimed to determine the impact of trainees during
interventional pulmonology procedures on procedure time,
sedation use and complications. Methods: A retrospective
review of a quality improvement database from all consecu-
tive medical procedures performed by an interventional pul-
monologist (D.R.S.) at the University of Calgary, from July 1,
2007, to April 1, 2011. Results: Of 1,100 consecutive proce-
dures during the study period, 967 were flexible bronchos-
copies. A trainee participated in 82.2% of the procedures.
Complications occurred in 38 patients (3.9%). No death oc-
curred. Significant differences were seen when a trainee par-
ticipated in the procedure versus when no trainee partici-

pated for procedure length [50.81 vs. 32.49 min, difference
18.32 min (95% Cl 16.04-20.60), p = 0.001], dose of midazol-
am used [6.34 vs. 5.73 mg, difference 0.61 mg (95% Cl 0.15-
1.08), p = 0.01], dose of propofol used [153.08 vs. 111.60 mg,
difference 41.48 mg (95% Cl 21.81-61.15), p = 0.001], as well
as the number of complications [4.5 vs. 1.2%, difference
3.3%, p = 0.048]. Conclusions: In an academic interventional
pulmonology practice utilizing the apprenticeship model for
procedural education, trainee participation in procedures
can increase procedure time and the amount of sedation re-
quired, and result in increased complications. Medical pro-
cedural training methods that do not involve practicing on
patients warrant further investigation in order to reduce the
burden of procedural learning for patients.

Copyright © 2013 S. Karger AG, Basel

Introduction

Teaching procedural skills to trainees is vital to patient
care in order to provide an adequate pool of trained phy-
sicians to meet the demand for specialized medical pro-
cedures. Procedural training experts have proposed that
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patient-based teaching methods (also known as the ap-
prenticeship model of procedural learning or the see-one,
do-one and teach-one method) can result in increased
erroneous diagnoses, increased patient discomfort and
increased risk for procedure-related morbidity [1]. High-
er complication rates have been demonstrated in inexpe-
rienced operators for central venous catheter insertion
when the apprenticeship model of procedural learning is
used [2], whereas improved clinical outcomes have been
demonstrated with the use of simulation-based educa-
tional programs [3-5]. Although there is some limited
evidence addressing the impact of trainees on outcomes
of other medical procedures such as lumbar puncture [6]
and thoracentesis [7], there remains a paucity of studies
looking at how residency procedural training influences
patient outcome [8].

Although it is generally considered a safe procedure,
complications associated with flexible bronchoscopy in-
clude: fever, pneumonia, pneumothorax, laryngospasm,
bleeding, infection, myocardial infarction, congestive
heart failure, respiratory failure and even death [9-16].
Very few publications have looked at the impact of train-
ees on flexible bronchoscopy complications [9, 16]. One
study demonstrated that patients undergoing flexible
bronchoscopy performed by junior trainees using the ap-
prenticeship model of training have higher complication
rates than senior trainees [16]. No study has yet compared
flexible bronchoscopy complication rates in procedures
with trainee participation versus procedures without
trainee participation.

Interventional pulmonology procedures use advanced
diagnostic and therapeutic techniques such as endobron-
chial ultrasound (EBUS) and electrocautery, and tend to
be longer, more complicated pulmonology procedures.
No study has looked at the rate of complications in an
academic interventional pulmonology practice and the
impact that trainees may have on complications. The aim
of this study is to determine whether the participation of
trainees during interventional pulmonology procedures
leads to increased procedure time, increased sedation use
and increased complications.

Methods

A retrospective analysis of a quality improvement database
was performed on all consecutive pulmonology procedures per-
formed by an interventional pulmonologist (D.R.S.) at the Uni-
versity of Calgary from July 1, 2007, to April 1, 2011. The study
was approved by the Calgary Health Research Ethics Board (Eth-
ics ID: E-23801). Prior to the start of this study, one of the authors
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(D.R.S.) had completed approximately 800 flexible bronchoscopy
procedures and 400 EBUS-transbronchial needle aspiration
(TBNA) procedures.

Inclusion Criteria and Database Design

All consecutive patients undergoing an interventional pulmon-
ology procedure during the study period were entered into a qual-
ity improvement database. The majority of data points were en-
tered into an SPSS file at the time of the procedure (version 19.0;
SPSS Inc., Chicago, Ill., USA), including any early complications.
Six to 8 weeks following each procedure, the charts were reviewed,
including follow-up visit notes for bronchoscopy results and ad-
ditional notes from the referring physician or cancer center. Pro-
cedure results and any additional complications were then entered
into the database.

Description of Procedures

Bronchoscopy procedures were performed in a dedicated
bronchoscopy suite utilizing a 1T-160 or P-160 Olympus video
bronchoscope (Olympus Canada, Markham, Ont., Canada) for
the airway examination and a BF-UC160F-OL8 (EBUS broncho-
scope; Olympus Canada) for the EBUS-TBNA procedure. Addi-
tional diagnostic or therapeutic techniques such as transbronchi-
al biopsy, peripheral EBUS (UM-S20-20R; Olympus Canada),
electromagnetic navigation bronchoscopy (ENB; superDimen-
sion Inc., Minneapolis, Minn., USA) and electrocautery were also
used in some cases. Rapid onsite cytology was not used. Intermit-
tent doses of intravenous midazolam were used in combination
with intermittent small regular boluses of propofol to achieve
moderate sedation (administered by the bronchoscopist), with li-
docaine used for topical anesthesia of the airways. In the bron-
choscopy suite, two dedicated bronchoscopy respiratory thera-
pists assist with the procedure, patient monitoring and specimen
collection in addition to the bronchoscopist and any trainees as-
sisting with the procedure.

Trainee Classification

A trainee was defined as any physician in training who partici-
pated in the bronchoscopy procedure as the primary operator for
the purpose of learning bronchoscopy. The trainees included in-
terventional pulmonology fellows, general pulmonary fellows,
thoracic surgery fellows and critical care fellows. All trainees par-
ticipated in all aspects of the procedures, including EBUS-TBNA,
ENB, peripheral EBUS and any biopsy techniques employed (i.e.
when a trainee participated in the procedure they also performed
the biopsies, including the transbronchial biopsies, EBUS-TBNA,
ENB and peripheral EBUS biopsies). All trainees were trained via
the apprenticeship model, meaning that they learned by practicing
on patients. At the time of this study, there was no formal simula-
tion-based bronchoscopy training available to the trainees.

Assessment and Definition of Complications and Outcomes

All patients undergoing transbronchial biopsies, ENB and pe-
ripheral EBUS had a chest radiograph and/or bedside ultrasound
with confirmation of the sliding pleural sign within 2 h after the
procedure. Any patient with no sliding pleural sign underwent a
chest radiograph to confirm the presence of a pneumothorax. Flu-
oroscopy was not used in this study. Major bleeding was defined
as >5 ml and requiring interruption of the procedure. Postbron-
choscopic pneumonia was defined as fever (temperature >38.5°C)
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Table 1. Flexible bronchoscopy: patient demographics and procedure details

Characteristics

No trainee (n = 172) Trainee (n = 795)

Female gender

Age (means *+ SD), years

Inpatients (p < 0.001)

Clopidogrel (75 mg daily) treatment?

Diagnostic bronchoscopy

Therapeutic bronchoscopy®

Transbronchial biopsy/ENB with concomitant peripheral EBUS
Final diagnosis of malignant disease®

89 (51.7%) 409 (51.4%)

62.74+13.88 61.33+14.73
65 (37.8%) 190 (23.9%)
2 (1.2%) 9 (1.1%)

142 (82.6%)
30 (17.4%)
36 (20.9%)

108 (62.7%)

644 (81.0%)
151 (18.9%)
172 (21.6%)
477 (60.0%)

All comparisons were nonsignificant (p > 0.05) except for inpatient status. Numbers (%) of patients are shown unless indicated oth-

erwise.

*EBUS-TBNA only (no transbronchial biopsies, ENB or peripheral EBUS were performed on patients taking clopidogrel [41]).
b Including pulmonary toilet, foreign body removal, electrocautery tumor debulking or cautery for hemoptysis/lesion treatment.
¢ No diagnosis known or obtained in 55 of the 967 patients (5.7%).

and feeling unwell within 24 h of the procedure, severe enough to
require hospital admission or emergency room admission after the
procedure, with chest-radiographic infiltrates requiring (and re-
solving with) broad-spectrum antibiotic therapy. Lymphadenitis
was defined as fever (temperature >38.5°C) and feeling unwell
within 48 h of an EBUS procedure including fine needle aspiration
of lymph nodes in the absence of new chest-radiographic infil-
trates and with either positive cultures from lymph node sampling
or chest CT evidence of rapid enlargement of a sampled lymph
node after the procedure requiring (and resolving with) broad-
spectrum antibiotic therapy.

Procedure length was measured with a handheld stopwatch
from the time the bronchoscope was inserted into the oropharynx
at the start of the procedure to the time the bronchoscope was re-
moved from the oropharynx at procedure completion.

Procedures performed primarily for diagnostic purposes were
considered diagnostic if any of the specimens obtained demon-
strated a specific diagnosis. A finding of normal lymphocytes on
mediastinal lymph node aspiration was also considered diagnostic
if confirmed by further testing (i.e. mediastinoscopy or serial im-
aging revealing adenopathy resolution). Procedures were also con-
sidered diagnostic if lymphoma was found on cytology and/or flow
cytometry whether or not treatment was started based on this re-
sult, or if surgical biopsy was performed as recommended by he-
matology for confirmation.

Statistical Analysis

Three metrics were selected a priori as most relevant to the as-
sessment of the effect of trainee participation in the procedures:
total procedure time, total sedation used and total complications.
In addition, procedural diagnostic rate was also compared. Pneu-
mothorax rates were also compared in the subgroup of procedures
including transbronchial biopsy given their association with this
complication. The results were analyzed between groups with a
standard t or x* test as appropriate. Regression analysis was used
to model trainee participation, procedure subtype, inpatient ver-
sus outpatient status, age, gender, malignant diagnosis and use of
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clopidogrel on the main outcome measures of procedure time and
sedation used (linear models) and occurrence of complications
(binary logistic model).

Results

Eleven hundred consecutive procedures were entered
into the database, including 967 flexible bronchoscopies
that form the subset for this study. Patient demographics
and procedure details are listed in table 1. A trainee par-
ticipated in 795 (82.2%) of the procedures. An interven-
tional pulmonology fellow participated in 66.4% of the
procedures. General pulmonary fellows, critical care fel-
lows and thoracic surgery fellows participated in 328
(33.9%), 13 (1.3%), and 29 (3.0%) of the procedures re-
spectively; 23.4% (226) of procedures had a second trainee
participate in the procedure, in addition to the interven-
tional pulmonology fellow; 712 (73.6%) of the patients
were outpatients and the majority of procedures [951
(98.3%)] were done in the bronchoscopy suite, with 2
(0.2%) being doing in the operating room, and 14 (1.4%)
being done in the critical care unit. Overall, complications
occurred in 38 patients (3.9%), with the most common be-
ing pneumothorax: 16 (1.7%). No deaths occurred.

Main results for the three primary outcome measures
can be found in table 2. Significant differences were seen
when a trainee participated in the procedure versus when
no trainee participated for procedure length [50.81 vs.
32.49 min, difference 18.32 min (95% CI 16.04-20.60), p
= 0.001], dose of midazolam used [6.34 vs. 5.73 mg, dif-
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Table 2. Main results of flexible bronchoscopy

Characteristics No trainee Trainee Difference, p value

(n=172) (n=795)
Total procedure time (mean + SD), min 32.49+13.54 50.81+13.89 18.32 (95% CI 16.04-20.60), p = 0.001
Propofol used (mean + SD), mg 111.60+88.43 153.08+103.81 41.48 (95% CI 21.81-61.15), p = 0.001
Midazolam used (mean *+ SD), mg 5.73+2.92 6.34+2.81 0.61 (95% CI 0.15-1.08), p = 0.01
Total complications, n 2 (1.2%) 36 (4.5%) 3.3%, p = 0.048

Table 3. Flexible bronchoscopy: complication details

Complications® No trainee (n = 172) Trainee (n = 795)
Pneumothorax” 0 (0%) 16 (2.0%)
Pneumothorax requiring a chest tube 0 (0%) 10 (1.3%)
Postbronchoscopic infection (pneumonia or lymphadenitis) 0 (0%) 10 (1.3%)
Congestive heart failure 1 (0.6%) 3(0.4%)
Hypoxic respiratory failure 0 (0%) 2(0.2%)
Hospital admission for COPD exacerbation 1(0.6%) 2 (0.2%)
Myocardial infarction 0 (0%) 1 (0.1%)
Seizure 0 (0%) 1 (0.1%)
Major bleeding® 0 (0%) 1(0.1%)
Chipped tooth 0 (0%) 1(0.1%)
Total complications (p = 0.048)4 1(1.2%) 36 (4.5%)

COPD = Chronic obstructive pulmonary disease.

2 All adverse events listed are serious adverse events, with the exception of a chipped tooth.

b The majority of the pneumothoraces were related to ENB (1), transbronchial biopsy (9) and peripheral EBUS (4), although there
was 1 case of pneumothorax requiring a chest tube related to EBUS-TBNA biopsy of a 10R lymph node (no transbronchial biopsies were
performed). One pneumothorax not requiring a chest tube was thought to be related to a bronchoalveolar lavage (although EBUS was
used during that procedure, no enlarged lymph nodes were found and no EBUS-TBNA sampling was performed).

¢ Bleeding was caused by trauma to an endobronchial tumor by the EBUS-TBNA bronchoscope (not the needle) and required elec-

trocautery and cold saline for bleeding control.

4 Except for total complications (p = 0.048), all other comparisons were nonsignificant (p > 0.05).

ference 0.61 mg (95% CI 0.15-1.08), p = 0.01], dose of
propofol used [153.08 vs. 111.60 mg, difference 41.48 mg
(95% CI21.81-61.15), p=0.001], as well as the frequency
of complications [4.5 vs. 1.2%, difference 3.3% p = 0.048].
The details of complications associated with flexible
bronchoscopy are listed in table 3.

Flexible bronchoscopy with a primarily diagnostic in-
tent comprised 786 (81.3%) of the procedures. Overall
diagnostic rate was 734/786 (93%) with no significant dif-
ferences seen when a trainee participated in the proce-
dure versus when no trainee participated for diagnostic
rate [597/644 (92.7%) vs. 135/142 (95.1%), difference
2.4%, p = 0.3].

Of the procedures involving transbronchial biopsy,
ENB and/or peripheral EBUS (procedures with biopsy of

Trainee Impact on Procedural
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the lung parenchyma/peripheral nodules and therefore
more likely to have a pneumothorax), more cases of pneu-
mothorax were seen in the trainee group [14/172 (8.1%)
vs. 0/36 (0%), difference 8.1%, p = 0.133] although this
was not statistically significant. Cases involving these
higher risk techniques were equally distributed between
the two groups (table 1). Analysis of all procedures in-
volving EBUS-TBNA [607 (55.2%) of the 967 procedures]
did not find a statistically significant difference between
groups for the number of samples taken ( mean + SD) per
procedure (4.42 + 1.23 vs. 4.69 + 1.34; n = 512 and 95 re-
spectively).

A linear regression model (ANOVA p = 0.002, R? =
0.952) noted that trainee presence was the most impor-
tant predictor of procedure length (coefficient B =26.8, p
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< 0.001). Trainee presence was also the most important
predictor of propofol dose (ANOVA p <0.001,R>=0.114,
coefficient B = 36.1, p < 0.001). Binary logistic regression
suggested that the occurrence of complications was sig-
nificantly related to procedure type (p = 0.003), but pres-
ence of trainees did not reach statistical significance (p =
0.057).

Discussion

This study demonstrates that in an academic interven-
tional pulmonology practice, trainee participation in flex-
ible bronchoscopy procedures can increase procedure time
and the amount of sedation required, and can result in in-
creased complications. Our study is the first to demon-
strate increased complication rates in bronchoscopy pro-
cedures with trainee participation compared to the same
procedures without trainee participation. It is also the first
study to examine the effect of trainee participation on
bronchoscopy procedure time and sedation requirements.

Increased complication rates in bronchoscopy proce-
dures performed by novice bronchoscopists have been
demonstrated previously. In a retrospective study from
an academic pulmonology practice in the United States,
Ouellette [16] revealed that novice bronchoscopists had a
complication rate of 3.1%, i.e. significantly higher than
the rate of 1.57% seen in the senior trainees. As in our
study, the most common complication was pneumotho-
rax. The complication rate of 4.5% seen in the trainee
group in our study is similar to the complication rate of
3.1% demonstrated in the novice bronchoscopists in the
Ouellette study. The senior trainees in the Ouellette study
had a complication rate of 1.57%, which is lower than the
4.5% seen in our study. This difference could be explained
by the more invasive and interventional nature of the
bronchoscopies performed in our study. Additionally,
our study used a broader complication definition and in-
cluded some less serious complications in the total com-
plication rates versus only the ‘serious complications’ be-
ing reported in the Ouellette study [16].

The complication rates in our study are consistent
with previously reported complication rates [9-16].
Overall complication rates from flexible bronchoscopy
have been reported from 0.5 to 11% and serious compli-
cations from 0.8 to 5%, with mortality rates from 0 to
0.17% [10-16]. There were no deaths in our study.

Oxygen saturation and pulmonary function are nega-
tively affected during bronchoscopy [17, 18]. It is possible
that longer bronchoscopy procedures with increased se-
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dation requirements could lead to worsened pulmonary
impairment, contributing to increased complications
such as exacerbations of chronic obstructive pulmonary
disease, postbronchoscopic pneumonia and even myocar-
dial infarction and congestive heart failure. The increased
procedure time and sedation requirements observed in
the trainee group could have contributed to these types of
complications. Although the mean total procedure time in
our study is longer than in some previous bronchoscopy
studies [19-22], these studies did not include the use of
additional advanced diagnostic and therapeutic tech-
niques such as peripheral EBUS, ENB and electrocautery.

No difference in diagnostic yield was seen between
groups, which contrasts with learning curve studies dem-
onstrating increasing yields with increasing experience
[23]. However, this may be explained by the experienced
interventional pulmonologist guiding the procedure to
ensure adequate sampling. Procedure time and total se-
dation used were closely related, which is not a surprising
finding given that more sedation is required for longer
procedures. Based on what we know of the complex field
of the motor skill learning theory [24], experts would be
expected to perform procedures faster than trainees. The
results of this study would suggest that having learners
acquire these motor skills by practicing on patients is as-
sociated with costs in terms of patient morbidity in addi-
tion to probably added financial costs.

Trainees in this study learned bronchoscopy via the
apprenticeship model (by practicing on patients) without
alternative teaching methods such as a simulation-based
training curriculum. Given that our study results support
the opinion that patient-based teaching methods for
medical procedures result in increased risk for proce-
dure-related morbidity [1, 2], other nonpatient-based
teaching methods need to be explored. Computer bron-
choscopy simulators have been validated as a means of
measuring bronchoscopic skills [25-27]. Other studies
have demonstrated the bronchoscopy simulator to be a
useful tool for enhancinglearning [28-30] and improving
procedural efficiency [31-33], with effective skill transfer
from the simulator to reality [25, 31], with studies now
focusing on using these validated instruments to evaluate
competency [34, 35]. Use of inanimate and animal mod-
els for learning bronchoscopy [33], and the use of simu-
lation-based curricula for learning other medical proce-
dures have also been shown to be effective [36]. Simula-
tion allows for the process of learning to be standardized.
High stake scenarios, such as advanced bronchoscopy
procedures or cardiac arrest scenarios, can be simulated
and repeated as needed in a controlled environment with
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no risk to patients. With simulation-based educational
programs demonstrating improved outcomes in central
venous catheter insertion [3, 4], laparoscopic surgery [37]
and thoracentesis [38], it seems likely that future studies
will demonstrate similar improvements in bronchoscopy.

The apprenticeship model has a number of disadvan-
tages for learners. Learning flexible bronchoscopy by prac-
ticing on patients introduces significant variability into the
learning experience and has been associated with increased
learner anxiety [1, 39]. Learning medical procedures in pa-
tient care in a high stress environment can lead to excessive
learner activation, resulting in decreased learning reten-
tion [40]. Evidence supporting the use of simulation-based
curricula in procedural education continues to accumulate
[5], as does evidence against the traditional use of patients
as practice subjects for trainees learning medical and surgi-
cal procedures 3, 4, 36-40]. Our data add further support
to the importance of finding new nonpatient-based meth-
ods of learning procedural skills.

The study data were obtained from a prospectively
collected quality assurance database (as a result there
were no missing data points, with the exception of 3 pa-
tients in whom follow-up data were not available), how-
ever, the retrospective analysis of the study has limita-
tions, including possibly missing some minor complica-
tions not apparent after the procedure. We found no
differences between groups in terms of age, sex, use of
clopidogrel, prevalence of malignancy and number of
additional procedures performed, however, because the
patients were not randomized there may have been dif-
ferences between groups not apparent in our analysis.
Although there were more inpatients in the no-trainee
group, this only serves to strengthen our findings, as we
would expect more complications to occur in this sicker
patient population.
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