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Abstract

Background Patients undergoing elective surgical procedures sometimes
suffer avoidable, serious complications like infections, blood clots and hem-
orrhage. However, little is currently known in American medicine about
the relative performance of surgeons when it comes to minimizing these
types of harm. While practices such as peer review may identify individual
egregious errors, there is little infrastructure in place to identify patterns
of complications over time, or across separate facilities. Overall, it’s es-
timated that fewer than 1% of surgical outcomes are being measured1,
leaving patients, the medical community, and even surgeons themselves
unaware of how their patients fare collectively over time. Most surgeons
do not know how their peers outside their own facility perform. Track-
ing and publicly reporting the relative performance of surgeons could give
medical providers, hospital leaders, and regulators a powerful tool – and
an incentive – to improve the safety of patients undergoing surgery.

Methods Using administrative data, we identified all Medicare patients
who underwent one of eight common elective, low-risk surgical procedures
over a 5-year period.We then undertook to fairly compare surgeons and
hospitals, without penalizing those with the most complex patients. To
do so, we used two measures to identify harm to elective surgical patients:
in-hospital mortality, and readmission within 30 days of discharge with
a diagnosis identified by experts as a likely complication of surgery. A
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mixed effects model with hospital and surgeon random effects was then
used to risk-adjust each surgeon’s raw complication rate.

Results We found that aggregate rates of harm were quite low. None
of the procedures had an average death/readmission rate over 5 percent.
However, there was substantial variation within hospitals and between
surgeons. Contrary to conventional wisdom that there are ‘good’ and
‘bad’ hospitals, no hospital performed in the worst quartile by our cen-
tral measure across all eight of our procedures. Only one hospital was
in the best quartile across all procedures. The best-performing surgeons
had risk-adjusted rates of harm about 50 percent less than average. The
worst performers had risk-adjusted rates as high as three times the av-
erage. Often this variation was in-hospital: multiple surgeons perform-
ing the same type of procedure at the same hospital with widely diver-
gent rates of harm. About 2000 hospitals (half of those in the data)
had top- and bottom-quintile surgeons performing the same procedure.
Low-performing surgeons were also unexpectedly dispersed. Two out of
three hospitals in the analysis had at least one bottom-quintile perform-
ing surgeon. Finally, a comparison of the standard deviations of hospital
and surgeon random effects found that surgeon performance accounts for
more of the variability of performance between hospitals than hospital-
wide performance on a given procedure.

Conclusions There is substantial variation between surgeons in the rates
of harm their patients suffer resulting from surgery, which cannot be at-
tributed to patients’ health, or differences in hospital overall performance.
Identifying positive outlier surgeons can help to identify best practices.
Identifying negative outliers offers an opportunity for intervention and
improvement.

1 Introduction

Transparency in health care, particularly with regard to safety and quality, is
crucial if patients are to make informed decisions about where they seek care,
and if providers are to continuously improve the care they provide2. To date,
however, little information on the relative performance of surgeons perform-
ing routine elective procedures is readily accessible to patients and health care
providers in the U.S. The goal of this project is to provide patients, and the
health care community, with reliable and actionable data points, at both the
level of the surgeon and the hospital, in the form of a publicly available online
searchable database.

Note: the analysis in this paper covers all entities with NPI numbers, as
they appear in Medicare data. The public database presents slightly different
figures as it excludes the less common case of organizations with NPI numbers.
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1.1 The critical role of surgeons

This analysis comes at a watershed moment for performance reporting: until
recently surgeons could not be identified in Medicare data, the most frequently
used administrative data. Now surgeon identifiers in the data are unencrypted,
and it is possible to attach surgeries – and patient outcomes – to surgeons by
name.

While administrative data has been shown to be as reliable as clinical data for
some reporting purposes3, what neither administrative nor clinical data can do
is give us 100% certainty about how the complications described in this analysis
came about.

But while a physician may not be to blame for the negative outcome of a surgery,
s/he can still be considered responsible. The American College of Surgeons
adopted a statement in 19964 stating that surgeons are responsible for the overall
episode of care in each case, from the diagnosis, to the operation, to managing
the post-operative care and rehabilitation, including any complications.
“The best interest of the patient is thus optimally served,” reads the statement,
“because of the surgeon’s comprehensive knowledge of the patient’s disease and
surgical management.”

2 Methods

2.1 Data

We obtained the Medicare 100% Standard Analytic Files for years 2009-2013.
The data is administrative, submitted to Medicare by hospitals for billing pur-
poses. Each record in the data represents a patient’s hospital visit, indicating
when and where the patient was admitted, what diagnoses were present, which
procedures were performed, and who was the operating surgeon. The data, how-
ever, conceals the identity of each patient. Because one of our metrics is 30-day
readmissions, we excluded December 2013 from our analysis time window.

This data does not represent 100% of patients, only those who are enrolled in
fee-for-service Medicare. However, Medicare pays for a substantial portion of all
hospital care provided in the United States, and quality measures based on this
data are often treated as indicative of the overall standard of care of providers.

2.2 Identifying Patient Cohort

Evaluating surgeon performance from administrative data presents some chal-
lenges. Many surgeons (but not all) perform relatively low volumes of surgeries.
Harm to patients can be a relatively rare event, which makes it more difficult
to statistically model.
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Still, comparing surgeons on a level playing field is important. Penalizing sur-
geons who take on complex cases, or operate under difficult hospital conditions
is unfair, and also limits the utility of reported data for patients. For these
reasons, we first set out to identify the most uniform patient cohort possible, a
strategy that has been successful in previous studies5.

2.2.1 Identifying procedures for analysis

The surgeries included in our analysis are elective procedures, typically per-
formed on relatively healthy patients. Medical literature shows undergoing them
without death or serious complications is a reasonable expectation. They are
also some of the most commonly performed procedures in Medicare.

ICD-9 Code Procedure N
51.23 Laparoscopic cholecystectomy 201,351
60.5 Radical prostatectomy 78,763
60.29 Transurethral prostatectomy (TURP) 73,752
81.02 Cervical fusion of the anterior column, anterior technique 52,972
81.07 Lumbar and lumbosacral fusion of the posterior column, posterior technique 106,689
81.08 Lumbar and lumbosacral fusion of the anterior column, posterior technique 102,716
81.51 Total hip replacement 494,576
81.54 Total knee replacement 1,190,631
Total 2,376,851

Table 1: Procedures included in analysis and 5-year count of index admissions
in our patient cohort

2.2.2 Identifying index admissions

To identify index procedures – the individual surgeries for which we analyzed
the outcomes – we used the ICD-9 procedure codes shown in Table 1. We then
further standardized the patient cohort by:

• Excluding patients whose cases didn’t appear to be elective, either be-
cause they were admitted through the emergency room, or because the
field indicating elective surgeries in the data was not coded to indicate an
elective procedure.

• Choosing only patients who were admitted by a physician or clinician,
and excluding those transferred in from another facility, such as a nursing
home or correctional facility.

• Choosing only patients who had one of the most common principal diag-
noses indicating the procedure. For example, a patient who underwent
total knee replacement with a diagnosis of 715.96 - Osteoarthrosis would
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be included, whereas a patient with a principal diagnosis of 821.23 - Closed
fracture of the femur would be excluded. (See Appendix A for a full list
of included diagnosis codes per procedure.)

• Further filtering principal diagnoses in consultation with experts, who
advised us on which codes indicated cases that would be inappropriate to
compare to more standard cases.

• Excluding bilateral hip and knee replacements, and knee and hip revision
surgeries as opposed to primary replacements.

2.3 Measures

Our goal in identifying complications was to avoid, as much as possible, relying
on the type of hospital billing coding that may be inconsistent from one facility
to another. Not every hospital codes every field in the same way, so it is impor-
tant to focus only on the most concrete and reliably consistent fields.

In particular, Present on Admission coding, used often by Medicare and other
ratings groups, has been shown to be unreliable for identifying hospital-acquired
conditions6,7. To this end, we relied on two measures often referred to as ‘hard
endpoints’, because they are not subject to coding interpretation.

We also decided to not include cases in our analysis where patients went to the
emergency department but were not admitted to the hospital, because physi-
cians and other experts advised us that these cases often do not represent a
serious complication.

Once our index admissions were identified, we used each patient’s unique iden-
tifier to scan for one of two potential negative outcomes:

Death Patient died during initial hospital stay.

Complication Patient was discharged alive, but was admitted to a hospital
within 30 days of discharge with a principal diagnosis indicating a negative
surgical outcome as determined by a panel of expert reviewers.

We first identified all cases where a patient died during their initial hospital
stay, flagged those cases as deaths, and then excluded them from our readmis-
sion analysis. This occurred to 3,470 patients in our analysis.

Then we identified all cases where patients returned to a hospital and were read-
mitted within 30 days of discharge. If patients were readmitted more than once
in 30 days, a rare occurrence, we considered only the first readmission.

When we had identified all readmissions, we compiled the more than 2,000 prin-
cipal diagnoses coded as causes of readmission. We chose to use the principal
diagnosis field only for two reasons. First, since the principal diagnosis is the
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reason determined at the end of a hospital stay for the stay itself it indicates
a level of seriousness of the complication. A ‘post-surgical pain’ principal diag-
nosis, for example, indicates that the pain was the cause of the return to the
hospital, and not incidental to some other health problem. Hospitals are also
largely paid based on the principal diagnosis and thus incorrectly reporting that
code could have serious repercussions8.

For the eight procedures, we consulted a panel of at least five doctors and
surgeons, including specialists in each procedure, to review each of the codes.
Reviewers were asked to indicate whether each principal diagnosis was likely to
be a complication related to the index surgery. For each procedure we were able
compile a consensus list of codes. (For a full list of codes determined to indicate
surgical complications, see Appendix B.)

We then used the list of codes indicating complications to select only the read-
missions that were likely related to surgery, to the exclusion of other read-
missions that were either clearly scheduled (like V57.89 - Care involving other
specified rehabilitation procedure or not related to surgery (like 584.9 - Acute
kidney failure). Our panels wrestled with some codes, like 486 - Pneumonia.
While pneumonia can be the result of improperly administered anesthesia, for
example, it is also a condition common in elderly patients who have not had
surgery at all. In such cases, we chose to give surgeons the benefit of the doubt
and did not count this as a complication.

Screening out hospital admissions that did not appear to be surgical compli-
cations reduced the total readmissions by more than 50%, as shown in Table
3.

Complications 64,367
Non-complications 76,190

All-cause readmission total 140,557

Table 2: Fewer than half of readmissions were determined to be complications
of surgery
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2.3.1 Complications

Complication type N Example
Infection 13,899 998.59 - Postoperative infection

Clot 7,732 415.11 - Iatrogenic pulmonary embolism
Reaction 5,164 996.6 - Infection and inflammatory reaction due to internal joint prosthesis

Mechanical 4,850 996.47 - Mechanical complication of prosthetic joint implant
Sepsis 4,702 03.89 - Septicemia
Bone 3,535 996.44 - Peri-prosthetic fracture around prosthetic joint

Death 3,470
Hematoma 3,168 998.12 - Hematoma complicating a procedure

Wound 2,793 998.2 - Accidental puncture or laceration during a procedure
Hemorrhage 2,698 998.11 - Hemorrhage complicating a procedure

Pain 2,169 338.18 - Acute postoperative pain
Digestive 1,957 997.49 - Digestive system complications

C.diff 1,843 00.845 - Intestinal infection due to Clostridium difficile
Misc. Comp. 1,531 787.22 - Dysphagia, oropharyngeal phase

Vascular 1,159 997.2 - Surgical complications of the peripheral vascular system
Inflammation 931 604.99 - Orchitis, epididymitis, and epididymo-orchitis, no mention of abscess

Seroma 673 998.13 - Seroma complicating a procedure
Fever 520 780.62 - Postprocedural fever

Urinary 486 997.5 - Surgical complications of the urinary tract

Table 3: The 20 most frequent types of complication

Any complication that warrants readmission to a hospital can be considered
serious. But there is also further information to be gleaned from the hospital
visits resulting from complications. The average length of stay was five days,
more than one would expect if a patient was simply hospitalized as a precaution.
And 910 patients died after readmission for a complication. The total cost to
Medicare for the readmission hospital stays alone was $654 million.
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2.3.2 Summary of hospital and surgeon unadjusted complication
rates

Hospital and surgeon unadjusted rates have similar distributions: a large num-
ber of observations clustered at or near zero, with a long right tail.

Figure 1: Hospital Unadjusted Complication Rates
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Figure 2: Surgeon Unadjusted Complication Rates

2.4 Model results

In order to adjust for differences in case mix we fit a series of logistic-Normal
generalized linear mixed models9, using the lme4 package in R version 3.1.310.
This model includes the following fixed effects:

Age The age of the patient at time of surgery in 5-year categories. The Age
65-69 category was reference.

Sex The sex indicated in the patient’s record. This variable is excluded for the
two prostate procedures.

Health Score A score reflecting risk associated with a patient’s comorbidities.
This continuous, ratio-scale variable was calculated using VanWalraven’s11

technique to create an index of the Elixhauser comorbidities12 for each
patient.
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Multilevel spinal fusion For the spinal fusion surgeries, this dichotomous
variable indicates whether or not the procedure was a fusion of more than
two vertebrae. Such procedures are considered more complex.

Pancreatitis Diagnosis For the cholecystectomy procedure, this dichotomous
variable indicates if the patient was diagnosed with pancreatitis, making
the procedure more complex.

Robot-assisted A dichotomous variable indicating whether a radical prosta-
tectomy was performed with the assistance of a surgical robot.

We did not adjust for race, in order to avoid concealing racial disparities in
health care. Centers for Medicare and Medicaid Services analyses typically do
not risk adjust based on race.

We calculated a risk-adjusted complication rate for each surgeon across all hos-
pitals where s/he performed a particular procedure. Each surgeon and hospital
has a unique risk-adjusted rate for each procedure. There is no overall hospital
or surgeon score.

The models for each of the procedures, for both hospitals and surgeons, had
statistically significant likelihood-ratio test p-values at the 95% significance level
relative to their corresponding intercept-only models.

2.4.1 Model results for surgeons

Variable 81.07 81.08 81.02 81.51 81.54 51.23 60.29 60.5
(Intercept) -3.39* -3.43* -4.01* -3.84* -3.80* -3.29* -3.52* -3.58*
Age 70-74 0.04 0.15* 0.07 0.21* 0.11* 0.18* 0.21* 0.17*
Age 75-79 0.11* 0.21* 0.26* 0.34* 0.25* 0.27* 0.14. 0.28*
Age 80-84 0.24* 0.32* 0.69* 0.51* 0.41* 0.33* 0.26* 0.07

Age 85+ 0.25* 0.17 0.90* 0.66* 0.58* 0.61* 0.65* 1.37*
Sex 0.06 0.11* -0.53 0.02 -0.28* -0.10* NA NA

Health Score -0.00 -0.00 -0.00 -0.00 -0.00. -0.00 0.01. 0.01
Multilevel spinal fusion 0.50* 0.46* 0.56* NA NA NA NA NA
Pancreatitis Diagnosis NA NA NA NA NA 0.07 NA NA

Robot-assisted NA NA NA NA NA NA NA -0.05
Hospital ranef σ 0.46 0.36 0.55 0.35 0.39 0.28 0.29 0.42
Surgeon ranef σ 0.16 0.26 0.13 0.27 0.25 0.18 0.26 0.14

Table 4: Model Coefficients. (Significance codes for interpreting p-values for
the coefficients: levels between 0.0-0.05: *, levels between 0.05-0.10: . )
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2.4.2 Model results for hospitals

Variable 81.07 81.08 81.02 81.51 81.54 51.23 60.29 60.5
(Intercept) -3.28* -3.31* -3.97* -3.77* -3.76* -3.21* -3.48* -3.49*
Age 70-74 0.04 0.10* 0.15 . 0.21* 0.10* 0.17* 0.21* 0.12*
Age 75-79 0.10* 0.15* 0.32* 0.33* 0.24* 0.23* 0.21* 0.17*
Age 80-84 0.19* 0.25* 0.75* 0.50* 0.39* 0.35* 0.36* -0.10

Age 85+ 0.22* 0.19* 0.78* 0.66* 0.58* 0.59* 0.70* 1.21*
Sex 0.06* 0.10* -0.51* 0.03 -0.28* -0.16* NA NA

Health Score 0.00 0.00 0.00 0.00 0.00 0.00 0.01* 0.00
Multilevel spinal fusion 0.52* 0.49* 0.58* NA NA NA NA NA
Pancreatitis Diagnosis NA NA NA NA NA 0.07 . NA NA

Robot-assisted NA NA NA NA NA NA NA -0.04
Hospital ranef σ 0.30 0.30 0.38 0.33 0.34 0.19 0.29 0.27

Table 5: Model Coefficients for Hospitals. (Significance codes for interpreting
p-values for the coefficients: levels between 0.0-0.05: *, levels between 0.05-0.10:
. )

2.5 Patient health

A notable feature of our model is that the small but significant effect of the
Health Score (per-procedure AUC of .57-.63) essentially disappears when age
and the hospital and surgeon effects are included in the model. This shows
that the quality of care is likely a more important factor determining patient
outcomes.

2.6 Income Sensitivity analysis

A sensitivity analysis was conducted using each hospital’s SSI rate as a proxy
for patient socioeconomic status. The rate expresses what portion of a hospi-
tal’s care to Medicare patients goes to patients who qualify for Supplemental
Security Income, a federal welfare program which requires very low income and
assets for eligibility13.

SSIrate = MedicareSSIdays
TotalMedicaredays

Including the additional variable had little effect, perhaps because the metric
refers to a hospital’s patients as a whole, not the specific group of patients un-
dergoing elective surgical procedures. It it also possible that some of the effect
often attributed to patient socioeconomic status is actually due to the effect of
the hospitals and surgeons who provide them care.
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3 Findings

The main metric to be used for surgeon and hospital comparison is the Ad-
justed Complication Rate, which is calculated by applying the modeled surgeon
random effect to the entire patient population for a procedure in our analysis,
presuming that the surgeon is operating at an average hospital (this is achieved
by setting the hospital random effect to 0).

3.1 Distributions

Below is a figure illustrating the distribution of surgeon adjusted complication
rates for the 81.54 procedure, total knee replacement. The shape is typical of all
our procedures. A shoulder-and-neck shaped distribution, where a steep upslope
at the far left end of the distribution gives way to a relatively flat section in the
middle, which then becomes a steep upslope at the far right end. In this plot,
the x-axis is surgeons ranked by adjusted rate, and the y-axis is the Adjusted
Complication Rate. The light-gray shaded area around each surgeon’s ACR is
the 95% confidence interval, based on posterior variance. The dark-gray area
around each ACR is the 1σ confidence interval. (For the distributions of the
remaining procedures, see Appendix C.)
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Figure 3: Adjusted, unadjusted and raw complication rates for
each surgeon performing procedure 81.54 total knee replacement.
N=9,601 surgeons.

A key feature of this figure is that it illustrates the high degree of shrinkage
that takes place when the raw complication rates are adjusted. While raw
rates ranged from 0.0 to 29%, the Adjusted Complication Rate goes from 1.1 to
5.7%. The small difference between the unadjusted and adjusted model results
for most surgeons shows that the shrinkage is largely a result of modeling in the
first place, not due to adjusting for case mix.
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This shrinkage is another piece of the measured approach we are taking: we are
taking care not to unfairly characterize surgeons and hospitals.

There were 1,983 surgeons who had no complications at all on this procedure,
some performing more than 100 surgeries. Still, the model adjusts their rate
up to 1.1% or more. This is a result of the thought experiment implicit in
the analysis: What would happen if a given surgeon operated on all of the 1.2
million patients in our data who underwent a knee replacement? The Adjusted
Complication Rate does not directly represent a surgeon’s past outcomes. It is
an assessment of how s/he would perform at a hypothetical average hospital,
on a standardized patient pool.

Procedure Low-risk <= Medium-risk<> High-risk >= Min Max Average
51.23 3.9 4.0 - 5.1 5.2 3.5 6.4 4.4
60.5 2.3 2.4 - 3.7 3.8 1.8 7.6 2.9

60.29 3.4 3.5 - 4.4 4.5 3.3 5.3 3.8
81.02 1.4 1.5 - 2.3 2.4 1.2 6.3 1.9
81.07 3.0 3.1 - 4.9 5.0 2.2 12.2 4.1
81.08 3.5 3.6 - 4.9 5.0 2.8 7.5 4.1
81.51 2.2 2.3 - 3.4 3.5 1.4 5.6 2.8
81.54 1.6 1.7 - 2.9 3.0 1.1 5.7 2.3

Table 6: Procedure and ACR summary. Low-risk and high-risk cut points are
determined by the slope of the procedure’s ACR distribution.

Procedure Total surgeons With ACR Low-risk Medium-risk High-risk High %
51.23 21,479 3,068 143 2,734 191 6.2%
60.5 5,093 1,038 69 881 88 8.5%

60.29 7,898 1,079 19 1,031 29 2.7%
81.02 5,624 728 41 598 89 12.2%
81.07 6,214 1,815 120 1,414 281 15.5%
81.08 6,136 1,758 192 1,390 176 10.0%
81.51 13,414 5,790 219 5,076 495 8.5%
81.54 18,029 9,601 358 8,560 683 7.1%

Table 7: Number of surgeons in each risk category by procedure

3.2 In-hospital variation

It was extremely rare for a hospital to be high- or low-performing in each of our
eight procedures. In fact this happened at only a handful of the 299 hospitals
that met the volume requirement in all eight procedures. This suggests that a
given hospital’s performance can vary greatly depending on the surgery.
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But not only was there great variation between hospital departments, there was
a great deal of variation between surgeons in the same hospital departments.
At 1,567 hospitals, there were top-quintile and bottom-quintile performers do-
ing the same procedure.

3.2.1 Comparing random effects

One way to evaluate contributions of surgeon variation and hospital variation
to overall hospital performance is to rerun the hospital risk-adjustment model
above, but this time adding a surgeon random effect. The relative sizes of the
random effects standard deviations, or σ, give us an indication of how much
of the overall variation between hospitals’ performance in each procedure is at-
tributable to hospital-wide characteristics, and how much is attributable to the
surgeons themselves.

Below is a table of the hospital and surgeon random effects σ for each proce-
dure, all significant at 95% confidence level. In every case, the surgeon σ is
greater than the hospital σ, in some cases much larger. In the case of proce-
dure 60.5, for example, the surgeon σ is more than four times the hospital σ.
This means that overall, hospitals (as isolated from the surgeons who perform
surgeries there) are relatively similar. When hospitals have different adjusted
complication rates, it is mainly due to variation in surgeon performance.

Likewise, a patient’s choice of hospital will, in general, have less impact on his
or her risk of readmission or death than choice of surgeon.

81.07 81.08 81.02 81.51 81.54 51.23 60.59 60.5
Surgeon ranef σ .51 .39 .68 .39 .4 .29 .3 .42
Hospital ranef σ .13 .21 .23 .24 .26 .16 .25 .1

Table 8: The standard deviations of the surgeon and hospital random effects (in
log-odds) from the hospital model above, with a surgeon random effect added

3.3 Limitations

We have made every effort to level the playing field for proper comparison of
surgeons, but there is information that administrative data simply cannot tell
us. Coding can be idiosyncratic between hospitals, and some hospitals clearly
code many more comorbidities than others. No data can really take us inside
the operating room to give us full detail of what happened to a patient and why.
While we believe our conclusions offer generalizable insight into variations in
performance at hospitals, our conclusions are based on a subset of surgeries,
and are limited by access to data only reflecting the portion of a surgeon’s
patients who are age 65 and older and enrolled in fee-for-service Medicare.
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3.4 The critical importance of access to state data

Data is kept at the state level that includes patients of all ages, regardless of
their insurance status. This data could be used to offer groundbreaking insights
into the important question of how to keep patients safe at hospitals. Yet this
data is restricted. In some states this data is not made available for research at
all, sometimes because it is under control of the state hospital association. In
other states, the price is thousands or tens of thousands of dollars for each year
of data, a prohibitive cost for most researchers. In most states, the data is so
redacted that analysis of the type seen in this paper is impossible. Providing an
encrypted unique patient identifier, as Medicare does, faciliates an important
longitudinal look at the effects of medical care on a patient. Finally, only a
handful of states include physician names in the data. In all other states that
provide all-payer data, researchers may manage to identify poorly performing
– or even dangerous – surgeons or other physicians but cannot know who they
are, and thus help them improve, and inform the public.

4 Discussion

In low-risk, elective surgeries there are surgeons whose patients experience com-
plications at much higher rates than others. This variation can’t be explained
by measurable differences in case mix, or the performance of hospitals in which
the surgeon performs procedures. While we can’t conclude from this data why
exactly we see this variation, there are some indications:

Skill A University of Michigan study found that a surgeon’s skill, as assessed
by peers, was by far the most predictive of complications after bariatric
surgery14.

Adherence to best practice Studies have found evidence that surgeons some-
times do not adhere to best practice15.

Extremely low volume Some doctors in our data appeared to have extremely
low surgical volumes. Research indicates this can translate into higher
complication rates. While some of these low procedure counts may sim-
ply reflect surgeons who rarely operate on Medicare patients, we were
able to confirm using state data that some genuinely perform only a few
procedures per year16.

Active involvement in entire episode of care As journalists, our information-
gathering process differs from that of more traditional academic data an-
alysts in important ways. When there is an apparent pattern, we sup-
plement our data findings as much as possible with reporting. In case
studies of high- and low-performing surgeons by our measures, another
pattern emerged, albeit anecdotally: surgeons with extremely low rates
of complications expressed a sense of personal responsibility toward pa-
tients, in the lead-up to surgery, in the recovery period immediately after,
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and in the long-term, far after the patient exits the hospital doors. Pa-
tients who suffered complications after procedures performed by surgeons
with high rates of complications often described limited interactions with
their surgeon, especially after surgery. Colleagues of these surgeons often
confirmed this phenomenon.

4.1 On Transparency

The evidence in this analysis of extensive in-hospital variation in surgeon perfor-
mance raises questions about whether reporting outcomes simply at the hospital
level provides enough transparency. Surgeon-level data about patient outcomes:

• Can inform the practice of surgeons who want to improve their perfor-
mance.

• Allows appropriate intervention by administrators, quality improvement
coordinators and peer review committees at hospitals.

• Supplements complaint-based processes, like those of state medical boards
and specialty boards, which have the important job of protecting the pub-
lic.

• Provides patients with information they need to make informed decisions.
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5 Conclusion

We analyzed 2,376,851 instances of eight common, low-risk elective procedures
from five years of administrative data. We then calculated the risk-adjusted
rates of death and surgery-related readmission of hospitals and surgeons. Sur-
geon performance on this measure shows substantial variation, even between
surgeons operating at the same hospital. Once the effect of surgeons is isolated,
the performance of hospitals is relatively similar. While most current report-
ing is focused at the hospital level, there are important benefits to reporting
adjusted surgeon-level complication rates.

6 Reporting

We will be reporting results for every surgeon and hospital that appears in our
data for a given procedure in an online searchable database that is open and
free to the public. We are, however, constrained by patient privacy protections
in our data use agreement with CMS. Hospitals and surgeons that did fewer
than 20 of a procedure in our data window will be denoted “low volume.” If
surgeons or hospitals did 20 or more of a procedure and had greater than 0, but
fewer than 11 complications, we will report their ACR,confidence interval and
procedure count. If surgeons or hospitals did 20 or more of a procedure and had
11 or more complications, or zero complications, we will also report their raw
complication count and rate.

Below is a recent screen capture of sample results from an imaginary hospital
to give the reader a sense of what the database may look like. The bars at the
top show the Adjusted Complication Rate for each of the surgeons at said hos-
pital across all procedures. The green, yellow, and red areas on these bars are
determined by the shape of the distribution of adjusted surgeon complication
rates for each procedure.

Underneath the hospital-level summary are surgeon names accompanied by their
adjusted complication rates and 95% confidence intervals. The intensity of the
gray color in each interval reflects the distribution of probability within the
interval: most intense around the point estimate, fainter as the area under the
probability curve becomes smaller approaching the bounds of the interval.
In a separate part of the database, we will allow patients to determine the best
combination of doctor and hospital in their geographic area.
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Figure 4: Reporting for a sample hospital and surgeon. Live website
at projects.propublica.org/surgeons/
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