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ANECESSARY TENSION EXISTS BE-
tween the educational needs
of trainees and the safety and
quality of patient care.1 In

general, this tension is accepted be-
cause of the importance of experien-
tial learning to maintain a physician
workforce. One organizational factor
designed to improve care that may con-
tribute to this tension is the clinical pro-
tocol. The barriers between evidence
and practice are complex,2 and proto-
cols may be one means to overcome
them. Protocols provide management
algorithms that can minimize practice
variation3,4 and can often be imple-
mented by nonphysicians.5 However,
protocols may distance physicians and
physicians-in-training from direct pa-
tient care. Development of clinical com-
petency requires that trainees have an
active role in decision making,6 and pro-
tocols may attenuate their experi-
ences. Conversely, clinical protocols
may be one of many means to facili-
tate learning by providing a summary
of best practices that can serve as a tool
for knowledge dissemination.7
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Context Clinical protocols are associated with improved patient outcomes; how-
ever, they may negatively affect medical education by removing trainees from clinical
decision making.

Objective To study the relationship between critical care training with mechanical
ventilation protocols and subsequent knowledge about ventilator management.

Design, Setting, and Participants A retrospective cohort equivalence study, link-
ing a national survey of mechanical ventilation protocol availability in accredited US
pulmonary and critical care fellowship programs with knowledge about mechanical
ventilation among first-time examinees of the American Board of Internal Medicine
(ABIM) Critical Care Medicine Certification Examination in 2008 and 2009. Exposure
to protocols was defined as high intensity if an examinee’s training intensive care unit
had 2 or more protocols for at least 3 years and as low intensity if 0 or 1 protocol.

Main Outcome Measures Knowledge, measured by performance on examina-
tion questions specific to mechanical ventilation management, calculated as a me-
chanical ventilation score using item response theory. The score is standardized to a
mean (SD) of 500 (100), and a clinically important difference is defined as 25. Vari-
ables included in adjusted analyses were birth country, residency training country, and
overall first-attempt score on the ABIM Internal Medicine Certification Examination.

Results Ninety of 129 programs (70%) responded to the survey. Seventy-seven pro-
grams (86%) had protocols for ventilation liberation, 66 (73%) for sedation manage-
ment, and 54 (60%) for lung-protective ventilation at the time of the survey. Eighty-
eight (98%) of these programs had trainees who completed the ABIM Critical Care
Medicine Certification Examination, totaling 553 examinees. Of these 88 programs,
27 (31%) had 0 protocols, 19 (22%) had 1 protocol, 24 (27%) had 2 protocols, and
18 (20%) had 3 protocols for at least 3 years. Forty-two programs (48%) were clas-
sified as high intensity and 46 (52%) as low intensity, with 304 trainees (55%) and
249 trainees (45%), respectively. In bivariable analysis, no difference in mean scores
was observed in high-intensity (497; 95% CI, 486-507) vs low-intensity programs (497;
95% CI, 485-509). Mean difference was 0 (95% CI, –16 to 16), with a positive value
indicating a higher score in the high-intensity group. In multivariable analyses, no as-
sociation of training was observed in a high-intensity program with mechanical ven-
tilation score (adjusted mean difference, −5.36; 95% CI, –20.7 to 10.0).

Conclusion Among first-time ABIM Critical Care Medicine Certification Examina-
tion examinees, training in a high-intensity ventilator protocol environment com-
pared with a low-intensity environment was not associated with worse performance
on examination questions about mechanical ventilation management.
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The relationship between clinical pro-
tocols and education is particularly sa-
lient in intensive care. In recent years,
protocol-directed care has permeated the
practice of mechanical ventilation man-
agement. For example, in trial settings,
protocols for ventilation liberation,8

lung-protective strategies for acute lung
injury,9 and sedation management10

demonstrated improved clinical out-
comes. In response, professional soci-
eties have endorsed the use of clinical
protocols for mechanical ventilation
management.11,12 However, it is un-
known if unintended consequences of
protocols exist, such as the potential cre-
ation of a physician workforce unable
to think beyond an algorithm,13 and
whether these consequences may out-
weigh the benefits to patients. There-
fore, the goal of our study was to exam-
ine the relationship between clinical
protocols and trainee knowledge, using
mechanical ventilation management as
a model system.

METHODS
We performed a retrospective cohort
equivalence study to test the associa-
tion of the availability of mechanical
ventilation protocols in a fellow’s train-
ing institution with knowledge about
mechanical ventilation management
among examinees of the American
Board of Internal Medicine (ABIM)
Critical Care Medicine Certification Ex-
amination administered in 2008 and
2009. Examinees’ performance on the
mechanical ventilation questions from
the examination was linked to the re-
sults of a previously performed na-
tional survey of the availability of pro-
tocols for mechanical ventilation
management.14 That study adminis-
tered an electronic questionnaire to the
medical directors of adult medical in-
tensive care units (ICUs) in hospitals
with accredited pulmonary and criti-
cal care fellowship training programs
in the United States. The question-
naire inquired about the availability of
clinical protocols in 3 domains of me-
chanical ventilation: (1) liberation from
mechanical ventilation, (2) manage-
ment of sedation for patients who were

mechanically ventilated, and (3) lung-
protective ventilation for patients with
acute lung injury.

The study was exempted from re-
view by the institutional review board
of the University of Pennsylvania, Phila-
delphia, because all identifying data
were removed from the study data-
bases.

Study Population

Study participants were first-time ex-
aminees of the ABIM Critical Care
Medicine Certification Examination in
2008 and 2009. We excluded examin-
ees from training programs that did not
respond to the national survey; all oth-
ers were included in the final analysis.
The examination measures medical
knowledge, diagnostic acumen, and
clinical judgment in critical care medi-
cine. Questions are posed as mini-
case simulations (patient vignettes) and
require fellows to use clinical judg-
ment to reach an appropriate decision
about a patient. Individuals are eli-
gible to take the examination if they
have completed training in a program
accredited by the Accreditation Coun-
cil of Graduate Medical Education
either in combined pulmonary and criti-
cal care or medical critical care and have
passed the ABIM Internal Medicine
(IM) Certification Examination previ-
ously. The examination is composed of
200 scoreable questions and is com-
pleted in 1 day.

Study Variables and Definitions

Examinee demographic data were col-
lected as part of registration for the ex-
amination. Characteristics of the hos-
pitals, ICUs, and training programs
were reported as part of the survey.

For the primary analysis, the expo-
sure was defined as a binary variable
representing intensity of protocol avail-
ability at the primary training ICU of a
pulmonary and critical care or medi-
cal critical care training program. The
original survey inquired about avail-
ability of 3 different mechanical venti-
lation protocols, as detailed above. High
intensity was defined as the availabil-
ity of 2 or more protocols and low in-

tensity was defined as the availability
of 1 or 0 protocol.

The outcome variable was a mea-
sure of performance on all mechanical
ventilation questions included in each
form of the examination. There were 21
questions on the 2008 form and 24
questions on the 2009 form (approxi-
mately 66% of the mechanical ventila-
tion questions were the same across the
2 forms). These questions were iden-
tified by 1 of the study investigators
(E.S.H.) through review of all indi-
vidual questions on each examination.

The performance measure was a
score estimated using the measure-
ment model of item response theory
(IRT), a powerful and well-accepted
model in the testing industry.15 All
ABIM examinations are scored using
this model, which uses maximum like-
lihood estimation to estimate examin-
ees’ scores, and considers the entire
pattern of responses as well as the char-
acteristics of each question to derive the
score. The ABIM collects evidence on
validity showing that examination
scores have correlation with real-
world practice.16,17 The ABIM applied
the IRT model to the selected ques-
tions for our study to estimate a me-
chanical ventilation score. The score
was developed a priori, blinded to any
information about protocols or other
scoring data. In this application, the
score reflects the amount of medical
knowledge and clinical judgment an ex-
aminee exhibits in the area of mechani-
cal ventilation management. Scores are
scaled to have a mean (SD) of 500 (100)
in the entire population of examinees
and, because IRT is used, are compa-
rable across the 2008 and 2009 exami-
nation forms. Based on the study’s
context and Cohen guidelines for in-
terpreting effect sizes,18 one-fourth of
an SD, or approximately 25 points on
the standardized score scale, is consid-
ered to be a meaningful difference. This
outcome measure was chosen a priori,
with the recognition that performance
on examination questions may not
completely correlate with clinical per-
formance, but appears to be the best
available measure of knowledge and
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judgment, and prior work has shown
a positive association between a mea-
sure of knowledge and clinical quality.16

Potential confounders to be in-
cluded in the analyses were identified
a priori by consensus of the study in-
vestigators and included birth coun-
try, residency training country, and
overall first-attempt score on the ABIM
IM Certification Examination taken pre-
viously. The latter variable was used as
a measure of overall medical knowl-
edge, because examinees who trained
in a certain type of program (either with
or without protocols) may have greater
medical knowledge independent of the
protocols, potentially confounding the
results.

Statistical Analysis

The unit of analysis was the exam-
inee. Data were summarized using stan-
dard descriptive statistics. Mechanical
ventilation scores of examinees who
were included and excluded from the
study were compared (based on par-
ticipation of their training programs in
the survey) using a t test. Characteris-
t ics of high-intensity and low-
intensity programs were also com-
pared by using �2 and t tests, as
appropriate. A bivariable analysis of the
association of protocol intensity of ex-
aminees’ training programs with exam-
inees’ scores was conducted using a t
test. Multivariable analysis was con-
ducted to determine if protocol inten-
sity was independently associated with
the mechanical ventilation score, con-
trolling for the factors listed above. For
this, a population-averaged general-
ized estimating equation was used,
which was clustered on training pro-
gram to account for the nonindepen-
dence of within-program observa-
tions.19 All potential confounders listed
above were included as covariates in the
model. In addition, examination year
was included as a covariate to account
for fixed effects of differences be-
tween the examinations administered
in each year.

In addition to the primary multivari-
able analysis, separate analyses were
performed for each individual proto-

col to explore if any 1 protocol in par-
ticular has a stronger or weaker asso-
ciation with examination performance.
To evaluate the robustness of the find-
ings and to test the assumptions, mul-
tiple additional sensitivity analyses were
conducted. In these analyses, the mul-
tivariable generalized estimating equa-
tion analyses were repeated with the fol-
lowing adjustments to the assumptions:
(1) the exposure (protocol intensity)
was defined as a linear ordinal vari-
able, with 1 category for each number
of protocols present; (2) exposure was
redefined to include only those pro-
grams with all 3 protocols; (3) expo-
sure was redefined to include those pro-
grams with at least 1 protocol; (4)
exposure was redefined to include those
programs with at least 2 protocols with
no physician involvement as deter-
mined by the training ICU’s design and
reported in the survey, because we hy-
pothesized that removal of physician
trainees from clinical decision making
may adversely affect education in the
presence of protocols; and (5) overall
trainee knowledge was controlled for
using each examinee’s overall compe-
tency rating as reported to the ABIM,
instead of his or her score on the ABIM
IM Certification Examination. This rat-
ing is subjectively assigned by each ex-
aminee’s residency training program di-
rector and ranges between 1 and 9, with
a higher rating indicating a higher level
of overall competence.

All testing was 2-sided, with a signifi-
cance threshold of ��.05. We de-
signed the studies of association of pro-
tocol intensity with examination
performance to test an equivalence hy-
pothesis. We considered the 2 expo-
sure groups to be nonequivalent if the
entire 95% CI was outside of the equiva-
lence margins,20 defined as ±25 points,
which is the threshold for a significant
difference in knowledge based on IRT.

Because the sample size was fixed, we
did not conduct an a priori power cal-
culation. Instead, we predetermined the
significant difference in the mechani-
cal ventilation score at 25. Based on our
set sample size, the observed distribu-
tion of the score, a significance level of

�=.05, and varying the proportion of
exposure from 30% to 50%, this sample
size achieves between 80% and 86%
power when the true difference in
means is 0 and the equivalence mar-
gins are ±25 points.

Power calculations were performed
using PASS 11 statistical software
(NCSS, Kaysville, Utah). All other
analyses were performed using Stata
version 10 (StataCorp LP, College Sta-
tion, Texas).

RESULTS
Survey Results

Of 129 pulmonary critical care training
programs, 90 (70%) responded. Of these,
77 (86%) had protocols for ventilation
liberation, 66 (73%) had protocols for se-
dation management, and 54 (60%) had
protocols for lung-protective ventila-
tion. No significant differences were
observed in hospital or program char-
acteristics among responding and non-
responding programs in terms of hospi-
tal size, financial structure, or medical
school affiliation.14

Program and Examinee
Characteristics

Of the 90 programs responding to the
survey, 88 (98%) graduated trainees
who completed the ABIM Critical Care
Medicine Certification Examination in
2008, 2009, or both. Hospital and pro-
gram characteristics are shown in
TABLE 1. Of these 88 programs, 27
(31%) had 0 protocols, 19 (22%) had
1 protocol, 24 (27%) had 2 protocols,
and 18 (20%) had 3 protocols for at
least 3 years. Forty-two programs (48%)
were classified as high intensity (�2
mechanical ventilation protocols for at
least 3 years) and 46 programs (52%)
were classified as low intensity.

The initial study population in-
cluded 778 examinees, 553 (71%) of
whom trained at programs that re-
sponded to the survey. Examinees from
responding and nonresponding pro-
grams did not differ significantly in their
scores (responding programs: mean,
497; 95% CI, 489-505; vs nonrespond-
ing programs: mean, 485; 95% CI, 473-
499; P=.14). Characteristics of exam-
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inees from responding programs, who
were thus included in the study, are
shown in TABLE 2.

Performance on Examination
Questions

Within the study population, 503 of 553
examinees passed the examination, de-

fined as a score of 379 or higher, for an
overall pass rate of 91%. The FIGURE

shows the distribution of mechanical
ventilation scores of the study popula-
tion (mean [SD], 497 [93]; range, 200-
703). A total of 304 examinees (55%)
trained in high-intensity protocol pro-
grams and 249 (45%) in low-intensity

protocol programs. In the bivariable
analysis, the scores on mechanical ven-
tilation questions were equivalent be-
tween the 2 groups (mean, 497; 95%
CI, 485-509, for the low-intensity group
vs 497; 95% CI, 486-507, for the high-
intensity group; mean difference, 0; 95%
CI, −16 to 16).

In the multivariable analysis, which
controlled for examination year, ABIM
IM Certification Examination score,
birth country, and residency training
country as potential confounders, me-
chanical ventilation scores were still
equivalent among graduates of high-
intensity and low-intensity protocol
programs (� coefficient, −5.36; 95% CI,
−20.7 to 10.0; in which the coefficient
reflects the point difference in the score
between intensity groups and a nega-
tive value indicates that the high-
intensity exposure is associated with a
lower score). Furthermore, the CI was
entirely included within the equiva-
lence margins (predefined as ±25
points). The coefficients for all the
model variables are shown in TABLE 3.
The only covariates significantly asso-
ciated with the mechanical ventilation
score in the multivariable analysis were
examination year (ie, the mean score
was higher in 2009), ABIM IM Certi-
fication Examination score, and birth
and training country (individuals who
were both born and trained interna-

Table 2. Examinee Characteristicsa

Characteristics

Examinees

Difference
(95% CI)

P
Value

All Programs
(N = 553)

High-Intensity
Programs
(n = 304)

Low-Intensity
Programs
(n = 249)

Male sex, No. (%) 394 (71) 209 (69) 185 (74) −6 (−13 to 2) .15

Age, mean (SD), y 35 (3.3) 35 (3.4) 35 (3.2) 0.0 (−0.6 to 0.5) .93

Birth country, No. (%)b
US or Canada 316 (59) 179 (62) 137 (56) 6 (−3 to 14)

.18
International 217 (41) 110 (38) 107 (44)

Training country, No. (%)
US or Canada 353 (64) 209 (69) 144 (58) 11 (3 to 19)

.008
International 200 (36) 95 (31) 105 (42)

Examination year, No. (%)
2008 302 (55) 164 (54) 138 (55) −1 (−10 to 7)

.73
2009 251 (45) 140 (46) 111 (46)

Score, mean (SD)c
Overall CCM

Certification
Examination

529 (101) 528 (101) 530 (100) 2 (−15 to 19) .78

Overall IM Certification
Examination

518 (73.9) 519 (72.1) 517 (76.0) −3 (−15 to 10) .67

PD ratingd 7.77 (0.96) 7.80 (0.95) 7.72 (0.99) 0.0 (−0.2 to 0.1) .37
Abbreviations: CCM, critical care medicine; IM, internal medicine; PD, program director.
aP values are for comparison between high- vs low-intensity programs.
bData available for birth country for 533 examinees, with 289 in high-intensity programs and 244 in low-intensity pro-

grams.
cRange of scores for CCM Certification Examination was 230 to 800; for IM Certification Examination was 280 to 686; and

for PD rating was 5 to 9.
dData available for 546 examinees, with 299 in high-intensity programs and 247 in low-intensity programs.

Table 1. Program Characteristicsa

Characteristics

Programsb

Difference
(95% CI)

P
Value

All
(N = 88)

High Intensity
(n = 42)

Low Intensity
(n = 46)

No. of programs
Entire study period 88 42 46 NA NA

2008 86 41 45 NA NA

2009 81 38 43 NA NA

No. of fellows per program
2008 3.5 (2.1) [1.0-12.0] 4.0 (2.3) [1.0-12.0] 3.1 (1.8) [1.0-8.0] 0.9 (0.0 to 1.8) .04

2009 3.1 (1.8) [1.0-10.0] 3.7 (1.9) [1.0-10.0] 2.6 (1.4) [1.0-6.0] 1.1 (0.4 to 1.8) .004

Academic status, No. (%)
University 77 (89) 38 (91) 39 (89) NA

Community, university affiliate 5 (6) 1 (2) 4 (9) NA .25

Community, unaffiliated 4 (5) 3 (7) 1 (2) NA

Examination pass rate 0.91 (0.11) [0.5-1.0] 0.91 (0.12) [0.5-1.0] 0.91 (0.11) [0.67-1.0] 0.00 (−0.05 to 0.05) .91
Abbreviation: NA, not applicable.
aData are presented as mean (SD) [range], unless otherwise specified. Entire study period included both 2008 and 2009 examination years. P values are for comparison between

high- vs low-density programs.
bHigh-intensity programs are those programs with 2 or more mechanical ventilation protocols and low-intensity programs are those programs with fewer than 2 mechanical ven-

tilation protocols.
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tionally had lower scores). In separate
multivariable analyses, no individual
protocol was associated with the me-
chanical ventilation score.

The results of multivariable analy-
ses were similar in multiple sensitivity
analyses with 1 exception. Scores were
equivalent in both exposure groups
when the following adjustments were
made to model assumptions: (1) expo-
sure was redefined as only those pro-
grams with all 3 protocols, (2) expo-
sure was redefined as those programs
with at least 1 protocol, (3) exposure
was redefined as only those programs
with at least 2 available protocols that
do not require any physician involve-
ment, and (4) the program director rat-
ing of overall clinical competence was
used instead of the ABIM IM Certifica-
tion Examination score (eTable, avail-
able at http://www.jama.com). In the
sensitivity analysis in which exposure
was defined as a categorical variable (for
0, 1, 2, or 3 available protocols), the CIs
for the point estimate of association for
1 and 2 protocols (compared with the
reference group of 0 protocols) were not
entirely within the equivalence mar-
gins of ±25 points (95% CI, −30.73 to
19.31; and 95% CI, −30.47 to 8.89; re-
spectively). Therefore, we could not
conclude that scores were equivalent
among groups; however, this analysis
was relatively underpowered due to the
categorization of the exposure vari-
able, as evidenced by the wide CIs.

COMMENT
Inapopulationof junior critical carephy-
sicians, having trained in a high-
intensity protocol environment with re-
spect to mechanical ventilation practice
was not associated with any significant
differences in performance on certifica-
tion examination questions in the topic
of mechanical ventilation manage-
ment. One other study has investigated
the relationship between clinical proto-
cols and trainee knowledge. Stoller et al21

examined the association between the
availability of respiratory therapy pro-
tocols for asthma management and resi-
dent knowledge about respiratory care.
The authors demonstrated no differ-

ence by exposure to protocols, but the
interpretation of the results was limited
because protocol exposure correlated
completely with training hospital. As a
result, the independent association of the
protocol could not be teased out from
other educational factors. Our study
builds on this work to provide more ro-
bust empirical evidence consistent with
clinical protocols not worsening trainee
knowledge.

As the use of clinical protocols in-
creases in prevalence in response to
concerns about patient safety and prac-
tice variation,4 understanding the po-
tential relationship of protocols with
education in clinical settings is essen-
tial. There is a reasonable concern about
the potential unintended conse-
quences of protocols on education, be-
cause some protocols will by design re-
move junior clinicians from direct
clinical decision making experience
necessary for building their knowl-
edge, decision making skills, and con-
fidence.13 Our study suggests that this
phenomenon may not occur.

Several possible explanations exist for
the lack of association of mechanical
ventilation protocols with perfor-
mance of examinees on mechanical
ventilation certification examination
questions. First, there may be no asso-
ciation to be found, in that protocols
might not interact in any way with edu-
cation at all. Second, this population of
examinees is highly motivated to learn
about mechanical ventilation. Critical
care physicians have an interest in me-
chanical ventilation management and,
regardless of their learning experience
in actual clinical settings, may find ways
to learn what they believe is impor-
tant. Another related explanation is
critical care fellows may learn from
many sources, including nonphysi-
cian practitioners in the ICUs (such as
respiratory therapists). The protocols,
grounded in evidence-based practice,
may facilitate such cross-disciplinary
learning and may also provide a clear,
concise framework for teaching about
the medical evidence in a certain clini-
cal situation and through standardiza-
tion and repetition of best practices.6

Third, the examination questions
may be limited in their ability to mea-
sure actual skills in mechanical venti-
lation management. Examination ques-
tions are the best available measure of
knowledge, because they are rigor-
ously developed and tested and are stan-
dardized across many examinees. How-
ever, examination questions cannot
measure all aspects of decision mak-
ing in real clinical settings and may not
discern subtle differences in overall
competence in mechanical ventilation
management.

Fourth, protocols may not in fact re-
move the trainee from decision mak-
ing. Although protocols may provide an

Figure. Mechanical Ventilation Score by
Frequency
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Table 3. Results of Multivariable Analysis

Variable
� Coefficient

(95% CI)

Protocol intensity
Low 1 [Reference]

High −5.36 (−20.7 to 10.0)

Examination year
2008 1 [Reference]

2009 30.1 (15.5 to 44.6)

IM Certification
Examination
scorea

0.46 (0.36 to 0.56)

Birth/training country
US/US 1 [Reference]

International/US 0.71 (−29.9 to 31.3)

International/
international

−36.8 (−52.9 to −20.6)

US/international −9.8 (−31.8 to 12.1)
Abbreviation: IM, internal medicine.
aThe coefficient reflects the point difference in mechani-

cal ventilation score for each 1-point difference in the
American Board of Internal Medicine IM Certification Ex-
amination score.
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algorithm, the typical conduct of clini-
cal care permits continued active in-
volvement of clinicians and therefore
may not reduce the direct experience
so important to a trainee’s education.
Fifth, protocols may actually have both
positive and negative relationships with
education that counteract. Were this
true, there would still be no overall as-
sociation with education.

Mechanical ventilation manage-
ment is only one clinical topic in which
protocol use and education may be re-
lated. Another example is manage-
ment of severe sepsis. A complex algo-
rithm of early, goal-directed therapy
resulted in improved patient out-
comes22; a clinical protocol guiding de-
cision making for such patients could
either enable passivity that might im-
pede experiential learning or provide
a framework for learning about the
pathophysiology of sepsis. Other simi-
lar examples include management of
diabetic ketoacidosis and titration of
outpatient anticoagulation. We chose
to study mechanical ventilation man-
agement as a model for this question
for several reasons. First, there is com-
pelling clinical evidence in support of
using ventilation clinical protocols for
patient care.8-10,23-25 Second, the high risk
of mortality associated with mechani-
cal ventilation26 makes it likely that the
quality of training in this area is most
likely to have a significant effect on pa-
tients. Third, because of heteroge-
neity in critical care education,27 we an-
ticipated a high degree of variability in
performance on certification examina-
tion questions, a necessary character-
istic of an outcome variable for an ob-
servational study. Therefore, we believe
that if clinical protocols do indeed in-
teract with medical education, we
would most likely expose the relation-
ship in this clinical area.

We acknowledge important limita-
tions to our study. First, the availabil-
ity of a clinical protocol does not equal
its active use. We chose not to inquire
about the actual or perceived use of the
protocols, because we believe that re-
ports would likely be inaccurate and not
interpretable due to recall bias,28 and

measurement of actual protocol use
would likely require direct observa-
tion and would be infeasible in a sample
of programs of this size. In the previ-
ous study of the association between
clinical protocols and trainee knowl-
edge, limited to 2 centers, investiga-
tors knew of the actual use of the pro-
tocols under study. Their finding of no
association between protocols and
trainee knowledge about respiratory
care complements our findings.21

Second, there is likely to be signifi-
cant variability in the protocol de-
signs and how much they may actu-
ally interfere with the decision making
of critical care fellows. Our survey was
limited in how much information we
could obtain about the content of the
protocols; however, we attempted to ex-
plore the variation by inquiring about
the involvement of the physicians in or-
dering and implementing the proto-
cols and accounting for these differ-
ences among programs in sensitivity
analyses.

Third, we believed that overall trainee
competence was an important poten-
tial confounder in this study and that
it was essential to address this issue in
the analysis, but we had limited tools
to do so. In the primary analysis, we
used examinees’ scores on previously
taken ABIM IM Certification Exami-
nations, because there is evidence to
support a correlation between exami-
nation scores and clinical compe-
tence.16 In the sensitivity analysis, we
additionally used residency program di-
rector ratings of clinical competence to
adjust for potential confounding and
found similar results.

Fourth, performance on examina-
tion questions is only one component
of clinical competence; therefore, we in-
terpret our findings with caution to
avoid overstating the relationship, or
lack thereof, between protocol expo-
sure and clinical performance. Board
certification examination questions are
the most rigorously developed and
tested measures of knowledge that are
currently available and have reason-
able correlation with other measures of
clinical performance16; however, they

may not be sufficiently sensitive to edu-
cational harm of protocols. Further
work is required to explore other do-
mains of clinical competence.

In conclusion, as medical educa-
tion evolves, with work-hours limita-
tions, increasing compartmentaliza-
tion of care, reductions in procedural
requirements, and emphasis on pa-
tient safety in the educational setting,
it is important to understand all the ef-
fects of the systems that are imple-
mented to respond to these changes and
principles. Our study provided empiri-
cal evidence that clinical protocols, de-
signed to standardize and optimize
patient care, may not hinder high-
quality medical education in mechani-
cal ventilation management. Further ex-
ploration in other content areas and
with other measures of competence
should investigate the balance be-
tween patient safety and the needs of
medical trainees to ensure present and
future high-quality care.
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Ideas come in pairs and they contradict one another;
their opposition is the principal engine of reflection.

—Jean-Paul Sartre (1905-1980)
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