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ABSTRACT

Objectives: Objective measures of cardiac surgery trainee progress are limited
despite a push for competency-based assessments. We hypothesized that the cu-
mulative sum failure technique could provide a risk-adjusted, quantitative measure
of resident learning curves and competence.

Methods: Records of all coronary artery bypass grafting and valve operations per-
formed by cardiac-track residents from 2007 to 2017 at a single institution were
stratified by operative resident. Multivariable regression evaluated the association
among resident, case number, and postoperative outcomes. To evaluate perfor-
mance over time, risk-adjusted cumulative sum failure analysis was performed,
taking into account institutional expected values and comparing residents with
study-defined “early alert” and “concern” boundaries.

Results: A total of 3937 Society of Thoracic Surgeons Predicted Risk of Mortality
cases were evaluated from 19 residents. Observed-to-expected ratios for mortality
and combined morbidity-mortality were 0.66 and 0.72, respectively, and each indi-
vidual resident exhibited better than predicted outcomes (all observed:expected ra-
tios <1). When evaluating cumulative sum failure learning curves, residents
exhibited an initial slight increase in complications, followed by improvement and
better than expected performance. The “early alert” boundary was crossed by
36.8% of residents at any point in training, with 94.7% of residents under this
boundary at the end of training. The higher “concern” boundary was crossed by
2 residents (10.5%), although all residents ended their training below this boundary.

Conclusions: Outcomes for trainee-performed cardiac surgery procedures were
excellent, with no association between individual trainees and adverse events. Cu-
mulative sum failure analysis based on postoperative outcomes is a potential tool
for objective evaluation of resident proficiency. (J Thorac Cardiovasc Surg
2020;160:460-6)
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Risk-adjusted learning curves of cardiac surgery
residents.

CENTRAL MESSAGE
Trainee-performed cases have
excellent results, with better than
expected outcomes. Cusum
analysis characterizes learning
curves and is a promising tool for
resident evaluation throughout
training.

PERSPECTIVE

Although the safety of resident surgeons in car-
diac surgery is established, objective,
outcome-based assessment measures of resident
progress are lacking. Cusum analysis has been
applied to senior surgeons adopting new tech-
niques, but has not previously described resident
learning curves.
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Providing excellent surgical training for residents and fel-
lows without compromising patient outcomes is the para-
mount goal of academic cardiothoracic surgical programs.
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Abbreviations and Acronyms

CABG = coronary artery bypass grafting
CI = confidence interval
Cusum = cumulative sum failure

STS-PROM = Society of Thoracic Surgeons
Predicted Risk of Mortality

The safety of training thoracic surgical residents is well es-
tablished. Academic programs consistently demonstrate
satisfactory short- and long-term outcomes for procedures
such as coronary artery bypass grafting (CABG), mitral
valve surgery, and aortic valve replacement.'> However,
objectively evaluating the safety and progression of an
individual resident’s skills remains a challenge across
surgical disciplines.”® Assessing operative skills in real-
world environments is particularly difficult because of
patient variability, safety, subjectivity of evaluator, and vari-
ability in assessment metrics.>”"'" Despite these barriers,
surgical education is shifting to a competency-based
training paradigm, further necessitating the development
of objective metrics for trainee success.’

Cumulative sum failure (Cusum) analysis, initially used
for quality control in the industrial sector, has been used
to evaluate senior surgeons performing new cardiac surgical
procedures.'*”'> This technique provides for real-time per-
formance monitoring and is best for detecting small but
persistent process deviations.'® Risk-adjusted Cusum anal-
ysis evaluates observed outcomes compared with expected
outcomes over time, using predefined boundaries to specify
when a larger or smaller amount of adverse events are
occurring than expected. Although the method has evalu-
ated trainees performing simulated procedures in a variety
of surgical disciplines, it has not to our knowledge been
used to evaluate the impact of resident experience on out-
comes after cardiac surgical procedures.

We aimed to evaluate the impact of individual cardiotho-
racic surgical residents’ experience levels on postoperative
outcomes. Given the Cusum technique’s strength in
providing real-time performance modeling, we hypothe-
sized that this analysis would identify targetable areas for
improvement in surgical resident education. Furthermore,
we aimed to characterize the learning curve of residents per-
forming standard procedures to evaluate if postoperative
outcomes provide a reasonable means for evaluating resi-
dent improvement.

MATERIALS AND METHODS
Study Population

Patients undergoing cardiac operations with a Society of Thoracic Sur-
geons (STS) predicted risk score, including CABG, aortic valve replace-
ment, mitral valve replacement (MVR), mitral valve repair, or a
combination of CABG and valve surgery (STS Predicted Risk of Mortality
[PROM] cases), between 2007 and 2017 were selected from an institutional

STS database. These cases were chosen to represent standard, commonly
performed operations, and because these are the operations for which stan-
dardized preoperative scores exist. The primary resident recorded for each
case was abstracted and deidentified. To include only cardiac-track resi-
dents, cases performed by residents with fewer than 140 STS-PROM cases
over the course of their fellowship were excluded (this number represents
the minimum number of CABG and valve operations required, and a nat-
ural break in resident case volume). At our institution, fellows act as pri-
mary surgeon for all portions of standard procedures, from incision to
closure. Primary outcome was the composite of operative mortality (com-
posite deaths during hospitalization and within 30 days from surgery) and
major morbidity (prolonged mechanical ventilation, renal failure, perma-
nent stroke, reoperation, or deep sternal wound infection), as defined by
standard STS definitions.'” The study was approved by the institutional re-
view board at the University of Virginia (IRB-HSR #19762).

Univariate and Regression Analysis

Univariate analysis evaluated overall demographics and outcomes for
cases in the study, reporting characteristics as median (interquartile range),
mean (standard deviation), or n (%). Analysis of residents evaluated the
observed:expected ratios of composite morbidity and mortality for each
resident. Regression analyses evaluated the impact of both case number
and individual resident on composite morbidity and mortality, controlling
for preoperative risk by incorporating the STS predicted risk of morbidity
or mortality into the model. Statistical analysis was performed using SAS
Version 9.4 (SAS Institute, Cary, NC).

Cusum Analysis

Risk-adjusted Cusum analysis was performed for the outcome of com-
posite mortality or morbidity, according to methods described by Rogers
and colleagues'® and Grunkemeier and colleagues.'® For each resident,
the sum of observed minus expected failure (composite morbidity and mor-
tality) rates were plotted along the y axis, with the number of STS-PROM
cases performed along the x axis. Because institutional outcomes were bet-
ter than expected by STS predictive risk scores alone, institutional expected
values were derived by constructing a logistic regression model, account-
ing for STS predicted morbidity or mortality. Boundary lines were con-
structed according to a modified version of equations described by
Grunkemeier and colleagues'® and are intended solely to aid in interpreta-
tion and not for formal hypothesis testing (Appendix E1). These lines are
drawn to approximate a 95% confidence interval (CI) (“early alert” bound-
ary) and 98% CI (“concern” boundary.) Analysis was conducted using
GraphPad Prism (GraphPad Software Inc, San Diego, Calif) and SAS
Version 9.4 (SAS Institute, Inc, Cary, NC).

RESULTS

A total of 3937 STS predicted morbidity or mortality
cases performed by 19 cardiac-track residents were
included in the study. The most common case included
was an isolated CABG (50.88%) followed by aortic valve
replacement (22.07%). Patients had a mean PROM of
3.34% and a mean predicted morbidity or mortality of
20.14%, with an actual mortality rate of 2.39% and com-
posite morbidity-mortality rate of 13.21%, giving
observed-to-expected ratios of 0.66 and 0.72, respectively.
Residents included in the study performed a mean of
207 £ 26 STS-PROM cases. Further case demographics
are shown in Table 1.

Every resident exhibited an observed:expected ratio of
composite morbidity and mortality less than 1 (Table 2),
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TABLE 1. Demographics and outcomes of cases with a Society of
Thoracic Surgeons predicted risk score performed by residents

Total cases (n = 3937)
Median [IQR], mean (standard
deviation) or n (%)

Demographics
Patient age 68 [59-76]
Sex (female) 1208 (30.68)
Peripheral arterial disease 651 (16.54)

Heart failure 1695 (43.05)

Hypertension 3209 (81.51)
Diabetes 1587 (40.31)
Stroke 67 (1.70)

3.34% (4.61%)
20.14% (14.50%)

Predicted risk of mortality
Predicted morbidity or

mortality
Procedure type:
AV replacement 869 (22.07)
AVR + CABG 472 (11.99)
Isolated CABG 2003 (50.88)
MVr 267 (6.78)
MVr + CABG 102 (2.59)
MVR + CABG 42 (1.07)
MVR 182 (4.62)
Outcomes
Cardiopulmonary bypass time 95 [78-119]
Postoperative LOS 6 [5-8]
Renal failure 157 (3.99)
Prolonged ventilation 329 (8.36)
Deep sternal wound infection 9 (0.23)
Reoperation 110 (2.80)
Major morbidity 498 (12.65)
Operative mortality 94 (2.39)
Mortality or morbidity 520 (13.21)

IQR, Interquartile range; AV, aortic valve; AVR, aortic valve replacement; CABG, cor-
onary artery bypass grafting; MVr, mitral valve repair; MVR, mitral valve replace-
ment; LOS, length of stay.

demonstrating that each resident had a less than expected
overall rate of morbidity and mortality. On multivariable
regression analysis, only 1 individual resident was associ-
ated with an increase in composite morbidity and mortality
(Table 3). Case experience was not statistically associated
with these risk-adjusted adverse outcomes; however, it did
exhibit a trend toward being protective for composite
morbidity and mortality (Table 3).

Risk-adjusted Cusum plots for all residents studied are
shown in Figure 1. The “concern” boundary line (represent-
ing 98% CI) was crossed by 2 residents (10.5%) at any
point in training, with 100% of residents below this bound-
ary at the end of training. The “early alert” boundary line
(approximating 95% CI) was crossed by 7 (36.8%) resi-
dents at any point in training; however, by the end of
training all residents but 1 (94.7%) were under the “early

TABLE 2. Observed and expected rates of composite morbidity and
mortality for cases performed by cardiac-track thoracic surgery
residents

Composite Expected rate of
morbidity- morbidity-

Resident mortality (%) mortality (%)* O:E ratio

12.98% 17.62% 0.74
C 13.06% 21.77% 0.60
D 14.16% 21.59% 0.66
E 14.29% 20.94% 0.68
F 14.22% 20.84% 0.68
G 13.11% 21.44% 0.61
I 12.21% 20.08% 0.61
K 12.33% 21.11% 0.58
L 10.97% 21.30% 0.51
M 10.49% 18.22% 0.58
N 10.97% 19.06% 0.58
(0) 12.95% 18.99% 0.68
P 18.41% 19.57% 0.94
Q 14.00% 19.37% 0.72
S 13.93% 19.94% 0.70
T 14.06% 20.68% 0.68
w 12.75% 21.09% 0.60
Y 12.95% 18.77% 0.69
V4 13.57% 19.06% 0.71

O:E, Observed:expected. *Expected rate based on Society of Thoracic Surgeons pre-
dictive risk scores.

alert” boundary. Figure 2 shows all Cusum curves, with
those of residents crossing the alert boundary colored red.

The mean curve for all residents is shown in Figure 3.
This curve features an initial upward slope, representing
more observed than expected events initially, peaking at
approximately 70 cases, followed by a gradual downward
slope that levels out at approximately O (with observed
morbidity matching expected at the institution), approxi-
mately 140 total STS-PROM cases.

DISCUSSION

This retrospective study used regression and Cusum tech-
niques to evaluate outcome-related proficiency for 19 resi-
dents performing approximately 4000 routine cardiac
surgery procedures. Overall outcomes were superior, with
far fewer adverse events than predicted based on STS risk
scores. There was a trend toward improved outcomes
throughout training, and only 1 individual resident was
associated with increased morbidity or mortality compared
with the others. Upon Cusum analysis, residents demon-
strated a slight increase in adverse events at the beginning
of training, peaking at 70 cases, followed by improvement
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TABLE 3. Logistic regression model for risk-adjusted impact of
residents and case experience on composite morbidity and mortality

Factor OR (95% CI OR) P value
Case No. 0.998 (0.997-1.000) <.001
Resident B 1.09 (0.603-1.969) 436
Resident C 0.824 (0.460-1.475) 579
Resident D 0.912 (0.515-1.615) 950
Resident E 0.964 (0.542-1.713) .834
Resident F 0.982 (0.552-1.746) 764
Resident G 0.797 (0.435-1.459) .502
Resident I 0.882 (0.502-1.551) 812
Resident K 0.803 (0.446-1.448) .506
Resident L 0.694 (0.382-1.261) .185
Resident M 0.785 (0.404-1.525) 527
Resident N 0.758 (0.386-1.486) 450
Resident P 1.449 (0.800-2.624) .035
Resident Q 1.032 (0.570-1.871) .604
Resident S 1.009 (0.561-1.814) .673
Resident T 0.949 (0.523-1.724) .899
Resident W 0.811 (0.444-1.481) 552
Resident Y 1.015 (0.569-1.808) .645
Resident Z 1.042 (0.578-1.877) 567
PROMM score (logit) 2.649 (2.376-2.953) <.0001

ClI, Confidence interval; PROMM, Society of Thoracic Surgeons predicted risk of
morbidity or mortality; logit = log (1/(1 — PROMM)).

that ultimately resulted in better than expected outcomes by
140 cases, and well before the end of training. Although 7
residents crossed an “alarm” limit at some point during
training, all were within predefined proficiency bounds at
the end of training, demonstrating the method’s value as
an objective early warning assessment for trainees.
Overall outcomes were excellent, with each resident
demonstrating observed morbidity and mortality rates
lower than predicted based on STS predictive risk scores.
Additionally, there was only 1 resident with a statistically
greater rate of adverse events compared with the others.
This is consistent with existing evidence demonstrating
safety of trainees in cardiac surgery.'” However, existing
studies have also noted learning curves for trainees, with
shorter operative and cardiopulmonary bypass time later
in training.” Likewise, the present investigation noted an in-
cremental improvement in outcomes later in training upon
regression analysis, with Cusum analysis demonstrating
improvement later in training. Thresholds in our study
were noted at approximately 70 cases, when the learning
curve peaked, with a decrease until 140 PROM cases, after
which outcomes matched the institution’s historical
average. Coincidentally, the Accreditation Council for
Graduate Medical Education minimum requirement for
this cases (80 myocardial revascularization and 60 acquired
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FIGURE 1. Learning curves of residents performing cardiac surgery pro-

Morbidity or Mortality (Observed - Expected)

cedures, risk adjusted by institutional predicted outcomes. The shaded gray
boundary represents the 95% CI “early alert” boundary, and the dashed
boundary represents the “concern” 98% CI boundary (Appendix El).
STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality.

valvular heart disease cases) is also 140. Although this may
be solely coincidental, it is also possible that the Cusum
analysis mirrors the current surgeon-determined gestalt
for the minimum cases needed to achieve full competency.

Cusum analysis has previously evaluated practicing car-
diac surgeons adopting new techniques. The method has
been used to evaluate a variety of procedures, including
minimally invasive and off-pump CABG, thoracic aortic
procedures with hypothermic circulatory arrest, and mini-
mally invasive aortic valve replacement.'*'*'>'? Although
there is much variation, the resident learning curves in this
intervention closely parallel the learning curves of experi-
enced surgeons, with initial upslope of more complications,
followed by eventual downslope and continued improve-
ments. Similar to the present study, the majority of these
evaluations have been retrospective, but have noted the
technique’s promise as a prospective quality improvement
tool. One barrier is lack of user-friendly software for pro-
spective analysis. For example, with accessible, web-
based software, a surgeon could log the expected and actual
outcomes for a series of cases and receive a real-time update
of his/her progress.

Although the safety of resident surgeons is well estab-
lished, upon Cusum analysis there were a number of resi-
dents identified to have crossed an “early alert” boundary
at any point in training. This suggests that Cusum tech-
niques provide a potential opportunity for early identifica-
tion of trainees in need of increased guidance. By visually
identifying outcome-related trends, mentors may be able
to detect areas for improvement or provide targeted educa-
tion earlier in training. Cardiac surgery centers have
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FIGURE 2. Learning curves of selected residents performing cardiac sur-

Morbidity or Mortality (Observed - Expected)

gery procedures, risk adjusted by institutional predicted outcomes. The
shaded gray boundary represents the 95% CI “early alert” boundary, and
the dashed boundary represents the “concern” 98% CI boundary. Resi-
dents crossing an “early alert” boundary are colored orange, and those
crossing a “concern” boundary are colored red. STS-PROM, Society of
Thoracic Surgeons Predicted Risk of Mortality.

reported success using Cusum methods for departmental
quality control, which could be similarly translated to
trainees.' For instance, when noted to cross the boundary
lines early in training, a trainee could receive increased
guidance and supervision during cases, increased 1-on-1
skills training in a simulation environment, or targeted eval-
uation of postoperative management to identify deficiencies
in clinical judgment. Cusum methods have been used to
assess skills-related progress in general surgery trainees,
evaluating simulation-based laparoscopic, open, and endo-
scopic proficiency.”’ These simulation-based studies sug-
gest that Cusum analysis is more sensitive to assess
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FIGURE 3. Mean learning curve of cardiac-track residents performing
routine cardiac surgery procedures. STS-PROM, Society of Thoracic Sur-
geons Predicted Risk of Mortality.

competency than existing metrics, which may translate to
Cusum assessment of postoperative outcomes.”’ Although
the concern boundaries in this study were chosen to repre-
sent 95% and 98% ClIs, individual programs could alter
their confidence boundaries to more adequately identify
residents in need of intervention. By using less lenient
boundaries, more trainees may be identified earlier in their
training. Because objective measures of trainee perfor-
mance are lacking, Cusum analysis of outcomes for resident
cases represents a promising tool for gauging resident prog-
ress during training.’

Study Limitations

This study does have noted limitations. First, the Cusum
methodology is designed primarily for process control
rather than rigorous statistical testing, and as with all studies
using Cusum methodology, the results should not be overin-
terpreted. Second, the analysis evaluates only cases with an
STS risk score (CABG or left-sided valve procedures) and
does not consider other cases that residents have performed
throughout their training. Although this was necessary for
risk adjustment and adding uniformity, the impact of these
other cases is not known. The case mix was also variable,
with CABG and aortic valve replacement cases overrepre-
sented in the sample. Furthermore, there is likely some vari-
ability in resident role from case to case, although our
institution does intend to have residents act as senior sur-
geon for the entirety of the case. Additionally, although
not necessarily a limitation, it should be noted that for Cu-
sum risk adjustment, we derived institution-specific risk
scores, taking into account STS risk scores rather than using
the STS risk scores alone. Although using STS risk scores
would have shown all learning curves as continual better-
than-expected  downslopes, we thought deriving
institution-specific expected values provided a better repre-
sentation of true learning curves. Finally, this investigation
is retrospective and observational in nature.

CONCLUSIONS

By analyzing approximately 4000 cases performed by 19
surgical residents, outcomes for routine cardiac surgery pro-
cedures were better than predicted, with no resident demon-
strating a greater than expected rate of morbidity and
mortality. However, trainees demonstrated a learning curve,
with improved outcomes throughout training. Cusum anal-
ysis based on patient-level postoperative outcomes is a
promising tool for objective evaluation of residents
throughout training and may provide early identification
of trainees in need of increased guidance to achieve profi-
ciency. As surgical education shifts toward a competency-
based education paradigm, the development of objective
evaluation metrics will become increasingly important for
ensuring success for the next generation of cardiac
surgeons.
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Webcast ()

You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/19%20AM/Monday_May6/206AC/206AC/S71%20-
%?20Teaching %20and %20learning %20cardiac %20surgery/
S71_5_webcast_080034692.mp4.
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Discussion

Dr Prakash Punjabi (London, United
‘ Kingdom). In the United Kingdom,
- public reporting of results has been
going on for several years with the
associated issues in terms of surgeon-
~ specific mortality data, and we do that
| | with the use of a variable life-adjusted
L\ %l 'zd display plot, which is done for institu-

tions as well as surgeons.

My first question regards the case mix and validity of the

model. As you are aware, there is a significant evidence
base that subspecialty surgery, such as aortic and mitral,
have superior outcomes when done in higher volume. In
your model, 73% of the surgery is isolated aortic valve
replacement or CABG, with only 40% being mitral valve
surgery. On a practical perspective, this is 593 cases done
by 19 residents, or 31 cases per resident over a 2-, 3-year
period. If a surgeon has poor outcomes in one particular
subspecialist field (eg, mitral valve surgery), does this
model have the risk of being buried in a larger number of
other cases, and so should this model be used for the
same operation. What I am trying to say is, should you be
doing specialist per case rather than using as a whole case
mix to look at the trainee experience?
Dr W. Zachary Chancellor (Charlot-
tesville, Va). We chose to use both
because it is a higher number and risk
adjusted. We thought that the risk
adjustment would account for any vari-
ation between the cases. However, I do
see some utility in a world where we
. want to track our outcomes and training
that looking at them individually is certainly possible and
could be worthwhile.

Dr Punjabi. Second, coming to you on the angle that
seeks to bring some evidence based on a learning curve,
training, and the number of cases required to become
competent, as you note, the Accreditation Council for Grad-
uate Medical Education requirements are for 140 cases, 80
revascularizations and 60 vascular, and we heard this
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morning about the different integrated ways of getting
training. Figure 3 in your article suggested a learning curve
of approximately 140 cases, no particular difference up to
200, and then potentially some improvement after that. In
the United Kingdom, I and my colleagues have decided
that a trainee needs to do between 200 and 250 cases before
getting final certification to be a consultant. To play devil’s
advocate, does the further improvement beyond 200 cases
suggest that the Accreditation Council for Graduate Medi-
cal Education requirement should be higher?

Dr Chancellor. I don’t think that is what this analysis is
showing. I can’t speak to that based on this analysis. But the
learning curve we saw does show the initial upslope, which
shows higher than expected morbidity and mortality
initially, but the downslope that levels off at approximately
140 cases indicates that they are actually doing better than
expected. I think that one of the fallacies of overinterpreting
these graphs is that a level line, no matter where it is on the
graph, represents that the residents are doing well or doing
as they are expected to do. They don’t necessarily need to be
downsloping all of the time.

Dr Punjabi. I take your point. I think you are right. It just
brings out 2 other small points. One is the definition of
ownership of a case by the trainee. As I am sure you will
agree, training in different centers within the same country
varies quite a lot in the definition of a case. However, my
last comment is more about a practical aspect. As you
know, a lot of our safety aspects come from the aviation in-
dustry. When a new pilot is learning to fly and the plane goes
off course, it is taken over by the senior pilot. Presumably
these operations and postoperative care were all done under
the direct supervision of the attending surgeon, and some-
times the number of cases or the morbidity and the mortality
cannot necessarily be blamed on the surgeon, on the
training. What are the particular implications in terms of
training to reassure the trainer and the institute that training
can still be provided safe?

Dr Chancellor. That’s an excellent question and one
every institution struggles with and is one of the reasons
that we used institution-specific data in this model, and
every institution’s curves are going to look a little different
based on their approach. University of Virginia is all I can
speak to personally, but I do know that residents do have
quite a bit of operative autonomy; honestly, it’s safe. The
attending has oversight within the operating room and in

the postoperative management. I do think that outcomes
are reflective of the resident’s management style. However,
this particular analysis is not going to account for any over-
sight that the attending surgeon provides. I agree.

Dr Punjabi. I fully agree. Congratulations once again
and look forward to further collaboration.

Dr Paul T. Sergeant (Sint Joris Winge,
Belgium). 1 congratulate you for any
work that is done on the learning pro-
cess, but in fact what you have ad-
dressed is what is called in the
science of learning operational
learning or organizational learning,

4 and that is preceded by all the different
aspects of mduced learning. The whole discussion about
number of cases is, according to the science of learning,
totally irrelevant. What is important is the process that pre-
cedes the operational and organizational learning.

A resident who does a case should, by definition, have
the same result as the standard of that same unit. It cannot
be accepted by society that a resident has a lower perfor-
mance. You are absolutely right when you made the state-
ment on line. We have been using exactly the method that
you have described for more than 20 years in our resi-
dency training program, but on line, immediately, so that
we can track immediately any deviation from the Cusum
lines.

I congratulate you for your effort. There is only one
additional limitation that you have not addressed. You
are conceptually looking at maybe an incomplete perspec-
tive. The surgeon today is a member of a team. So you are
only addressing the surgeon as the only member of the
team. In fact, today we work as a team.

The crew resource management, as it is called, is an
important matter on which we must evaluate our young
residents. And so putting the young surgeon as responsible
for a negative outcome is I think an outdated concept. It is
the interaction with anesthesia, it is intensive care. It, of
course, changes from country and from different socioeco-
nomic environments. But we must get rid of that idea.

The consequence of the inappropriate surgeon-focused
outcome monitoring is that some surgeons have had their
career closed. Some very good surgeons had their career
closed because of inappropriate public reporting. The re-
porting was catastrophic, but their performance was not.
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APPENDIX E1

For prediction limits in Figures 2 and 3, we used a modified
version of the equations described by Grunkemeier and col-
leagues.'® Their equation describes the standard error (SE) of
the risk-adjusted Cusum at time t as the square root of the cu-
mulative sum of E(1-E) for all patients operated on up to time
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t, where E is the expected value at that time point. The 95%
and 98% prediction limits are determined by multiplying the
SE by 1.96 and 2.58, respectively. To estimate the curve for
all residents, E was assumed to be the mean expected value
of all operations (meanE), such that the SE at any point
equaled the square root of t*meanE*(1-meanE).
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