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Abstract

Purpose

The Accreditation Council for Graduate Medical Education (ACGME) milestones were
implemented across medical subspecialties in 2015. Although milestones were proposed as a
longitudinal assessment tool potentially providing opportunities for early implementation of
individualized learning plans in fellowship, the association of subspecialty fellowship ratings
with prior residency ratings remains unclear. This study aimed to assess the relationship between
internal medicine (IM) residency milestones and pulmonary-critical care medicine (PCCM)
fellowship milestones.

Method

A multicenter retrospective cohort analysis was conducted for all PCCM trainees enrolled in
ACGME-accredited PCCM fellowship programs in 2017-2018 who had complete prior IM
milestone ratings from 2014-2017. Only professionalism and interpersonal and communication
skills (ICS) were included based on shared anchors between IM and PCCM milestones. Using a
generalized estimating equations model, the association of PCCM milestones < 2.5 during the
first year of fellowship with corresponding IM subcompetencies was assessed at each time-point,
nested by program. Statistical significance was determined using logistic regression.

Results

The study included 354 unique PCCM fellows. For both ICS and professionalism
subcompetencies, fellows with higher IM ratings were less likely to obtain PCCM ratings < 2.5
during the first fellowship year. Each ICS subcompetency was significantly associated with
future lapses in fellowship (ICS01: = -0.67, P = 0.003; ICS02: § =-0.70, P = 0.001; ICS03:
=-0.60, P = 0.004) at various residency timepoints. Similar associations were noted for PROF03

(B = -0.57, P = 0.007).



Conclusions

Findings demonstrated an association between IM milestone ratings and low milestone ratings
during PCCM fellowship. IM trainees with low ratings in several professionalism and ICS
subcompetencies were more likely to be rated < 2.5 during their first year in PCCM fellowship.
This highlights a potential use of longitudinal milestones to target educational gaps at the

beginning of PCCM fellowship.



In 2013, an innovative assessment system was developed to align with the framework of 6
general competencies originally developed by the Accreditation Council for Graduate Medical
Education (ACGME) and American Board of Medical Specialties.’® This new assessment
system incorporated the concept of milestones that use developmental narratives to describe the
professional progress of learners. This revised system introduced a criterion-based framework for
trainee competency assessment along the 6 core competencies (patient care and procedural skills,
medical knowledge, systems-based practice, practice-based learning and improvement,
professionalism, and interpersonal and communication skills [ICS]). Overall, this system sought
to provide a trajectory-based metric to demonstrate a trainee’s progression toward competence
and, ultimately, readiness for unsupervised practice. The milestones were introduced in the
residency setting in 2013 and expanded to subspecialty training in 2015,%1%-13 supported by
diverse validity evidence across Messick’s domain in a variety of general specialties, including
correlation to other variables (such as American Board of Internal Medicine certification).*17 It
has been hypothesized that the milestones may provide an opportunity to improve assessment
across the residency to fellowship training periods, potentially allowing for an optimized
educational transition and development of individualized learning plans for fellowships. To our
knowledge, however, the association of these scores with fellowship training outcomes remains
unknown. 8

For internal medicine (IM) and its subsequent subspecialties, several of the milestones,
specifically the domains of professionalism and ICS, consist of shared descriptions and
behavioral anchors. Assuming an overall shared mental model of these domains between
specialty and subspecialty training, we anticipate that these domains may share relatively
consistent trends for an individual learner. More specifically, although the competencies

represent context-dependent attributes, there may be context-independent associations between
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lapses in residency training and ultimate lapses in fellowship training.!*-?! While it is not known
if deficiencies within these milestones during IM training are associated with similar issues in
specialty fellowship training, determining these associations could provide crucial data to further
operationalize the milestones for individualized development. In fact, if such an association
exists, knowledge of any issues during residency could allow for early adoption of an
individualized learning plan for the fellow.

Therefore, we aimed to assess the relationship between pulmonary and critical care medicine
(PCCM) subspecialty milestones and 1M residency milestones. Given the shared descriptions and
behavioral anchors used in the professionalism and interpersonal and communication skills
domains, we were specifically interested in the association of low ratings within those domains
during residency and during fellowship training. In other words, are lower rating in residency on
professionalism predictive of future professionalism issues in fellowship training? We
hypothesized that although the competencies represent context-dependent attributes, there may
be context-independent associations between ratings in residency training and ultimate ratings in
fellowship training. Determining such an association could provide additional validity evidence
for the relationship of residency milestone ratings to subspecialty ratings, providing educators
and training program directors the ability to optimally operationalize these metrics within the
subspecialty setting and focus on specific competencies for individual trainees early in their
fellowship training.

Method

Setting and participants

We performed a multicenter retrospective cohort analysis of all PCCM trainees enrolled in an
ACGME-accredited PCCM fellowship program between 2017-2018. Our cohort was restricted
to PCCM trainees (specifically excluding those trainees only specializing in critical care
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medicine or pulmonary medicine), given the uncertain correlation of milestone ratings between
these other subspecialties. However, the diversity of clinical practice (ambulatory, inpatient,
consultant, intensive care), clinical acuity, and procedural opportunities within the field of
PCCM should also provide generalizability to a number of other specialties.

Trainees were included only if they had completed a 3-year IM residency program in June 2017
(i.e., a group of residents from the academic year 2014—2017 cohort) to enrich our cohort with
individuals with full IM residency milestone data available. We excluded any trainees who were
not enrolled in an ACGME-accredited IM residency program during the 20142017 academic
years. Additionally, trainees in separate pulmonary medicine or critical care medicine only
training programs were excluded, as these training programs are distinct from the combined
fellowship programs and not all critical care medicine trainees have previously completed an IM
residency. Similarly, trainees enrolled in a combined medicine—pediatric training program prior
to fellowship training were excluded given the unclear generalizability of the IM milestones in
this group.

Complete milestone assessments of each fellow (each consisting of 24 sub-competencies,
grouped within the 6 competency domains) were submitted to the ACGME by each institution at
biannual intervals (December and June). Similar milestone assessments of these individuals were
submitted across the 23 subcompetencies for IM training. Of note, details regarding institutional
implementation of milestone ratings and/or rater training were not available. For the purposes of
this study, we selected the Professionalism and ICS subcompetencies based on the identical
nature of descriptions and behavioral anchors to the IM residency milestones, as each shared
similar properties, both in terms of order and content, between the residency and subspecialty
disciplines.?? Furthermore, expertise in both of these domains has been linked to myriad positive
patient outcomes, including improved patient satisfaction, adherence, and patient safety
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metrics.?32® The professionalism competency consists of 4 subcompetencies, and the ICS
competency consists of 3 subcompetencies (complete descriptions within each domain are
included in Table 1).

After linking residency and subspecialty milestone data for each individual trainee, we de-
identified all submitted milestone assessments on the trainee cohort to create the cohort for
analysis. We analyzed the subcompetencies in the professionalism and ICS domains using a 6-
point scale, consistent with prior literature analyzing milestones, ranging from Level O (i.e.,
critical deficiencies) to Level 5 (i.e., aspirational).

The institutional review board at the University of Pennsylvania approved the study.

Data analysis

We performed summary statistical analyses across all submitted evaluations. To assess the
association of IM milestone ratings with PCCM milestone ratings of interest (professionalism
and ICS domains), we applied generalized estimating equations (GEE) models?’ to determine the
association between the exposure variable of IM residency subcompetency (i.e., PROF01,
PROFO02, etc.) and ultimate PCCM milestone ratings. In the GEE model, we used an
exchangeable working correlation matrix to obtain adjusted regression coefficients and standard
errors accounting for the IM by PCCM programs-clustering.

For the initial analysis, each of the PCCM subcompetencies was regressed on the corresponding
subcompetency in the IM milestone. For example, we regressed the PROF01 of the PCCM
milestone on the PROFO01 of the IM milestone. The primary outcome of our study was a binary
variable defined as any PCCM trainee with reporting milestone levels < 2.5 for each of the
specified subcompetencies at any point in the first year of PCCM subspecialty training (either the
mid-year or end-of-year timepoints in fellowship training). The value of 2.5 was used as a cutoff

in the fellowship outcomes based on 2 a priori observations. First, the IIM milestones have a
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unique design compared to other specialties in that level 1 equates to critical deficiencies and
level 2 uses descriptors of negative behaviors. Second, we chose this cutoff specifically due to
previously published data using positive predictive value cutoffs for IM residency. These prior
studies highlighted levels < 2.5 at any point in residency training being associated with at least a
30% risk of not achieving a graduation target in the residency population. Furthermore, a level 3
performance in the current milestone system indicates “competence” (in the Dreyfus model) as
well as readiness to care for patients under mostly indirect or reactive supervision. Thus, we
utilized a rating of 2.5 or less to capture a group of individuals who were deemed not ready for
such indirect supervision. For the analysis, we included only data from the first clinical year of
fellowship training, given the heterogeneity of subspecialty training pathways across PCCM
fellowship programs following the initial clinical year of training.

Our exposure variable was IM residency milestone ratings. We first assessed these as a
continuous variable (ranging from 0 to 5). For the primary analysis, we analyzed the association
between IM residency milestone ratings and an outcome of PCCM ratings of < 2.5
(dichotomized) using logistic regression. Statistical significance was determined using a P value
of .05.

As a secondary analysis, we assessed the association of PCCM ratings of < 2.5 during the 2017—
2918 academic year with any IM milestone rating < level 2 at any of the 6 preceding IM
assessment periods (dichotomized variable). Statistical significance was determined using
logistic regression, with adjustment for multiple comparisons with Bonferroni correction (P
value of .007).

To address the possibility that observations may have had higher correlation for trainees who
were enrolled within the same PCCM program as well as had belonged to common IM program,

we used an exchangeable working correlation matrix in each of the GEE analyses. Given the

9



potential for small numbers of residents in a given cluster, we performed 2 additional analyses to
ensure the results were reproducible without evidence of overfitting the model. We first repeated
the GEE model, instead clustering only on IM by PCCM programs, and finally repeated the
analysis using a logistic regression model without considering data clustering.

We completed all statistical analyses using SAS Enterprise Guide version 7.15 (SAS Institute
Inc., Cary, North Carolina).

Results

The cohort consisted of milestone data for 354 unique trainees with complete milestone data
from the 2014-2017 academic years (for IM reporting milestones) and from the 2017-2018
academic year (for PCCM reporting milestones), out of 655 enrolled first-year categorical
PCCM fellows in 2017-2018. This included data from 198 distinct IM programs, and 143
distinct PCCM fellowship programs. Sixty-five percent (n = 230) of the cohort were men, at a
mean age of 30.9 years (+/- 2.3 years). Seventy-two percent of trainees (n = 253) changed
institutions between residency and fellowship training. Of note, the majority of the 301 trainees
excluded from analysis did not have complete 3-year reporting milestones available from IM
training. Consistent with the expected age differences due to the timing of implementation of
reporting milestones, the excluded group was older than those included in the analysis (mean age
32.8 versus 30.9, P =.0001). There were no other notable demographic differences, as outlined

in Supplemental Digital Appendix 1, at http://links.lww.com/ACADMED/B119. In the cohort

used for analysis, there were minimal missing values (< 2% of submitted milestones), which
were imputed with the last value for analysis.

The milestone ratings across all individuals over the study period exhibited an upward trajectory
spanning over the IM residency training (academic years 2014-2017) through the first year of
PCCM fellowship (academic year 2017-2018) (Supplemental Digital Appendix 2, at
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http://links.lww.com/ACADMED/B120). This trend was present for both those PCCM trainees

with reporting milestones < 2.5 as well as those with milestone ratings > 2.5 during the time
period of the study.

Within the cohort, approximately one-third of PCCM fellows were rated at or below a level of
2.5 during the first year of subspecialty training across the 4 professionalism subcompetencies
and 3 ICS subcompetencies.

IM subcompetency ratings were associated with a future rating at or below 2.5 during the first
year of PCCM fellowship training (Supplemental Digital Appendix 3, at

http://links.lww.com/ACADMED/B121). Overall, trainees with higher 1M ratings were less

likely to obtain PCCM ratings at or lower than level 2.5 during the first year in the fellowship
training. This trend was apparent in all subcompetencies (across both professionalism and ICS).
Within the professionalism competency, each of the 4 subcompetencies was associated with a
rating at or below 2.5 during PCCM training (at one of the time points in IM residency).
Additional analyses were performed without clustering, which showed similar results (see

Supplemental Digital Appendix 4, at http://links.lww.com/ACADMED/B122).

Within the ICS domain, the subcompetency ICS02 (“Communicates effectively in
interprofessional teams, e.g., with peers, consultants, nursing, ancillary professionals, and other
support personnel’’) was significantly associated with future deficiencies in fellowship training.
The remaining ICS subcompetencies (ICS01, “Communicates effectively with patients and
caregivers,” and ICS03, “Appropriate utilization and completion of health records”) were also
associated with future ratings at or below 2.5 in the same subcompetencies during fellowship.
The association between IM residency milestone ratings (dichotomized to identify ratings below
level 2 at any time point during residency) and ultimate PCCM ratings is shown in Table 1.
Table 1 includes the number of residents who were rated at or below level 2.0 at any point during
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the course of IM training period and the associations between IM milestones ratings (specifically
receiving a rating of < 2 at any timepoint) and PCCM milestone ratings (specifically rating <
2.5).

These findings suggest that if trainees receive a milestone rating of at or below 2 for the ICS01
subcompetency (“Communicates effectively with patients and caregivers”), they were more
likely to be rated at or below level 2.5 during the first year in their PCCM training (odd ratio =
2.50, 99% confidence interval = 1.13, 5.50). Similar trends were noted across the PROF01,
PROFO02, PROF3, and ICS02 domains (Table 1), although they were not statistically significant.
To ensure our findings were not the result of overfitting from clustering, the analyses were
performed without clustering using a simple logistic regression, which showed similar results (as

outlined in Supplemental Digital Appendix 5, at http://links.lww.com/ACADMED/B123).

Discussion

In this multicenter retrospective cohort study, we found an association between ACGME IM
residency milestone ratings and low milestone ratings during PCCM fellowship. Specifically,
these data show that IM trainees with low ratings in several professionalism and ICS
subcompetencies were more likely to be rated at or below 2.5 (indicating poor achievement)
during their first year in a PCCM fellowship. These associations are further highlighted in the
upward trend in trajectory when those individuals with low milestone ratings in residency are
compared to those without low ratings. Additionally, IM residents rated at or below 2 at any
point during residency in the ICS01 subcompetency (“Communicates effectively with patients
and caregivers”) were more likely to be rated at or below level 2.5 during the first year of their
PCCM fellowship. Overall, we believe this study is the first to demonstrate an association
between residency and fellowship milestone ratings, adding further validity evidence for the
relatively new ACGME milestones. More importantly, this association provides some rationale
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for creating individualized learning plans for fellows at the start of training, which may be
directed by prior achievements and struggles in residency training.

For this study, we focused on the professionalism and ICS domains. Our findings suggest that
low ratings in these areas during residency may indicate a greater propensity for such issues later
in training. While these domains are likely interpreted in a context-dependent nature by raters
(i.e., different skills within these domains assessed in fellowship as compared to residency), our
findings suggest that there are likely context-independent associations between lapses in
residency training and ultimate lapses in fellowship training. In fact, while individuals in this
cohort achieved minimal competency in residency-specific milestones, there is potential for
recurrent lapses in novel environments with unique stressors (in the fellowship context). This is
consistent with prior evidence suggesting an association with residency professionalism lapses
and future performance (i.e., disciplinary action by state licensing boards).?®3° The association
we noted between IM training and PCCM training highlights potential opportunities for
educational handoff between residency and fellowship, as well as potential for the development
of individualized learning plans targeting these issues.%!

These findings not only provide additional validity evidence for the current IM milestones, but
also suggest the need to utilize the milestones to implement individualized education plans
within subspecialty training as early as possible. Recent data suggest predictable longitudinal
trends in milestones assessments in residents within IM, emergency medicine, and family
medicine.?° In fact, early low ratings in residency training were predictive of an increased
probability of not achieving designated graduation goals. Our study extends this finding, offering
an opportunity for fellowship educators, program directors, and clinical competence committees

to consider individualized learning plans early in fellowship using prior IM milestone data.
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Currently subspecialty program directors receive residency milestone data from the ACGME for
their matriculating fellowship trainees after they have begun the fellowship, however, it is
unclear how these data are used in each fellowship program. Given the correlation between
residency and fellowship ratings, our study promotes the idea that longitudinal milestones can
potentially be used to target educational gaps and individualize training to ensure that fellows
continue a trajectory of positive growth over the duration of their graduate medical education. Of
note, while the IM milestones cannot be used for selection purposes, they can be used to further
individual professional development. In fact, this highlights their utility upon entry to create an
individualized learning plan upon matriculation into a PCCM program. Not only can the prior
milestones serve as a helpful guide to the PCCM program director (and fellows) to address
potential concerns and develop a plan to enhance areas of competency needing attention, they
can also play a role in adapting the nature and timing of assessments performed.

Our study has several limitations. First, as each individual training program (both IM and
PCCM) has a unique approach to the actions of its clinical competency committee and
assignment of milestone ratings, we are unable to comment on the tools and decision making
within these assessments. We have also presumed the validity of the IM milestone ratings, which
we did not specifically assess with this study, but has been evaluated in other studies.t>
Additionally, we are not able to comment on each program’s approach to struggling learners and
remediation, which may have an impact on future milestone trajectories and potential fellowship
lapses. Of note, some residents in this cohort were likely successfully remediated following a
low rating in IM training, but this information could still indicate “at risk” individuals. This
again would encourage use of these milestones for individualized learning plans for incoming
fellows. We also recognize that there may be the risk of heightened scrutiny for fellowship
trainees with prior professionalism or communication lapses from residency training. As our
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study highlights the significant association with recurrent lapses, we feel such knowledge of
prior lapses provides an important opportunity for creation of individualized learning plans (in
novel and stressful environments prone to potential lapses) to optimize patient care and safety.
Ultimately, further qualitative analysis of how fellowship programs currently use residency
milestone data is an important area of future work as it remains unclear how these data are being
currently used by fellowship training directors, if at all.

Our study was also limited by the relatively low number of individual trainees included in the
final analysis (as we included individuals with complete milestone data across IM residency),
limiting power for assessing the ultimate outcome. In fact, we conducted a post hoc power
analysis, identifying that our cohort of 354 individuals did not achieve a power of 80% in most
subcompetency domains. Despite this limitation, this study is still notable in analyzing the
association between IM and PCCM milestones and finding a number of several interesting
associations. We believe that the multicenter collection of standardized information by the
ACGME significantly enhances the fidelity of the data included in this proof-of-concept study.
Larger studies should be pursued in the future once the milestones have been in use for a longer
period of time.

Another limitation to our study is generalizability. While we included trainees across all
ACGME-accredited programs, our study focused on only 2 competencies (professionalism and
ICS) within a single subspecialty, so the relevance to other milestones and other subspecialties is
less clear. However, the consistency of the selected milestones between IM and PCCM training
programs did allow for clearer and more consistent comparisons, which will remain relevant
after the advent of the ACGME Harmonized milestones. Future work in other medical

subspecialties is needed to ensure generalizability of our findings.
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Our demonstration of an association between IM milestone ratings and subspecialty ratings,
specifically within PCCM, warrants further research. Further studies of association between
milestones in residency and subspecialty training (across specialties), particularly with the
implementation of the upcoming milestones 2.0, are needed. Understanding these associations
can help fellowship program leadership operationalize IM milestone data for their learners,
perhaps providing targets for meaningful guidance and mentorship within the domains of
communication and professionalism, and ultimate longitudinal assessment as fellows progress

toward independence.
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Table 1

Association (OR) of Internal Medicine Milestones With Milestone Level 2.5 During the First Year of PCCM Using GEE
Adjustment (Clustered on Trainee), From a Multi-Center Retrospective Study of Milestone Assessment During Residency and
Subspecialty Training, 2017-20182

Association (OR)
with milestone rating
Fellows rated < 2.0 <2.0 during any

during internal point of internal
medicine residency, medicine training

Milestone Subcompetency description .

PROF01 Has professional and respectful 41 (11.6) 1.48 (0.62, 3.55) .23
interactions with patients, caregivers, and
members of the interprofessional team

PROF02 Accepts responsibility and follows through 60 (16.9) 1.47 (0.71, 3.03) 15
on tasks

PROFO03 Responds to each patient’s unique 60 (16.9) 1.58 (0.87, 2.90) .04
characteristics and needs

PROF04 Exhibits integrity and ethical behavior in 45 (12.7) 0.96 (0.41, 2.29) 91
professional conduct

ICS01 Communicates effectively with patients 51 (14.4) 2.498 (1.13,5.50) .002°
and caregivers

ICS02 Communicates effectively in 48 (13.6) 1.47 (0.65, 3.35) 21
interprofessional teams

ICS03 Appropriate utilization and completion of 45 (12.7) 1.08 (0.47, 2.47) 81

health records

Abbreviations: OR, odds ratio; PCCM, pulmonary-—critical care medicine; GEE, generalized estimating equations; CI, confidence
interval; PROF, professionalism; ICS, interpersonal and communication skills.

Table 1 displays the association between IM milestone rating of < 2.0 (at any time point during residency, dichotomized variable)
with a PCCM fellowship milestone rating of < 2.0 during the first year of PCCM training (dichotomized outcome) using a GEE model
(clustered on the trainee).

bStatistical significant associations as determined by a Bonferonni correction (P value = .007).
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