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As the practice of medicine increasingly focuses on 
accountability, the quality of surgical interven-
tions is under scrutiny by patients, peers, payers, 

and policy makers.4,7 Quality measurement and public 
reporting have a central role in this new and evolving 
health care landscape.4 The recently passed18 MACRA 
(Medicare Access and CHIP Reauthorization Act) high-
lights the development of several public reporting avenues 
for quality metrics. The CMS (Centers for Medicare and 
Medicaid Services) has been a pioneer in this area by es-
tablishing the first reporting platform through the Hospital 

Compare and Physician Compare websites (https://www. 
medicare.gov/hospitalcompare;  https://www.medicare.gov/ 
physiciancompare). Several private vendors are also start-
ing to launch similar online platforms. The common goal 
of all of these initiatives is to increase patient awareness 
about physicians and hospitals before selecting where they 
will undergo procedures or receive care.

Although if done appropriately and such benchmarking 
can empower all participants in the health care debate,4,7,28 
concerns have been raised about the appropriateness and 
validity of currently reported measures, especially for not 
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OBJECTIVE The accuracy of public reporting in health care, especially from private vendors, remains an issue of de-
bate. The authors investigated the association of the publicly reported physician complication rates in an online platform 
with real-world adverse outcomes of the same physicians for patients undergoing posterior lumbar fusion.
METHODS The authors performed a cohort study involving physicians performing posterior lumbar fusions between 
2009 and 2013 who were registered in the Statewide Planning and Research Cooperative System database. This cohort 
was merged with publicly available data over the same time period from ProPublica, a private company. Mixed-effects 
multivariable regression models were used to investigate the association of publicly available complication rates with the 
rate of discharge to a rehabilitation facility, length of stay, mortality, and hospitalization charges for the same surgeons.
RESULTS During the selected study period, there were 8,457 patients in New York State who underwent posterior lum-
bar fusion performed by the 56 surgeons represented in the ProPublica Surgeon Scorecard over the same time period. 
Using a mixed-effects multivariable regression model, the authors demonstrated that publicly reported physician-level 
complication rates were not associated with the rate of discharge to a rehabilitation facility (OR 0.97, 95% CI 0.72–1.31), 
length of stay (adjusted difference  -0.1, 95% CI -0.5 to 0.2), mortality (OR 0.87, 95% CI 0.49–1.55), and hospitalization 
charges (adjusted difference $18,735, 95% CI -$59,177 to $96,647). Similarly, no association was observed when utiliz-
ing propensity score–adjusted models, and when restricting the cohort to a predefined subgroup of Medicare patients.
CONCLUSIONS After merging a comprehensive all-payer posterior lumbar fusion cohort in New York State with data 
from the ProPublica Surgeon Scorecard over the same time period, the authors observed no association of publicly 
available physician complication rates with objective outcomes.
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publicly accountable private vendors.8,15 Critics of such 
ranking systems14 point out the potential for misleading 
information given unclear methodology and the limited 
consideration of important objective metrics.1 In addition, 
the lack of public oversight has fueled a debate on the ap-
propriateness of the reporting of such indices by privately 
held companies.15 There has been no prior study attempt-
ing to validate these claims in a comprehensive way for a 
private vendor.

We used the New York Statewide Planning and Re-
search Cooperative System (SPARCS; http://www.health.
ny.gov/statistics/sparcs/) database to study the association 
of the ranking of surgeons based on complication rates re-
ported by ProPublica, a private company publicly report-
ing quality measures, with objective outcomes (discharge 
to a rehabilitation facility, length of stay [LOS], mortality, 
and hospitalization charges) of the same surgeons calcu-
lated in SPARCS for patients undergoing posterior lum-
bar fusion. Several multivariable regression models were 
used to control for confounding. These included a propen-
sity score–adjusted regression model and a mixed-effects 
model to control for clustering at the physician level.

Methods
New York SPARCS

All patients undergoing posterior lumbar fusion pro-
cedures who were registered in the SPARCS (New York 
State Department of Health, Albany, NY) database be-
tween 2009 and 2013 were included in the analysis. For 
these years, SPARCS contains patient-level details for 
every hospital discharge, ambulatory surgery, and emer-
gency department admission in New York State as coded 
from admission and billing records. More information 
about SPARCS is available at https://www.health.ny.gov/
statistics/sparcs/.

ProPublica Surgeon Scorecard
The ProPublica Surgeon Scorecard is a public report-

ing program developed by ProPublica, a private news-re-
porting company, in collaboration with a paid biostatis-
tician consultant from Harvard School of Public Health. 
It reports risk-adjusted complication rates for 8 common 
elective surgical procedures based only on Medicare data 
between 2009 and 2013. Complications are defined as in-
patient mortality or 30-day readmissions related to the op-
eration as determined by a panel of experts. Mixed-effects 
models were used for risk adjustment. Rates are reported 
only for physicians performing more than 20 procedures 
for patients covered by Medicare. The website is designed 
in such a way that patients can make side-by-side com-
parisons of physicians who are geographically close to one 
another. More information is available at https://projects.
propublica.org/surgeons/.

Cohort Definition
To establish the cohort of patients, we used ICD-9-

CM codes to identify patients in SPARCS who under-
went posterior lumbar fusions (ICD-9-CM codes 81.05, 
81.07, 81.08, 81.35, and 81.38) between 2009 and 2013. We 
merged SPARCS and ProPublica data over the same time 

periods using the physician New York license numbers. 
All physicians represented in ProPublica were matched to 
their records in SPARCS for the corresponding years.

Outcome Variables
The primary outcome variable was discharge to a reha-

bilitation facility after posterior lumbar fusion. This was 
defined as discharge to any facility other than the patient’s 
home. Secondary outcomes were LOS, mortality, and total 
hospitalization charges during the initial hospitalization.

These outcomes were selected as the only available 
outcomes through administrative data (similar to what 
ProPublica is using) that are to some degree directly or 
indirectly associated with the operating surgeon.

Exposure Variables
The primary exposure variable was the surgeon’s risk-

adjusted complication rate, as publicly reported in the 
ProPublica Surgeon Scorecard. This was treated as a con-
tinuous variable. For part of the analysis (propensity score 
adjustment), complication rate was treated as a binary 
variable. The cutoff to determine whether the surgeon had 
a high complication rate was the median complication rate 
of all surgeons in our data.

Covariates (Supplemental Table 1) used for risk ad-
justment included age, sex, race (African American, His-
panic, Asian, Caucasian, other), and insurance (private, 
Medicare, Medicaid, uninsured, other). The comorbidities 
used for risk adjustment were diabetes mellitus, smoking, 
chronic lung disease, hypertension, hypercholesterolemia, 
peripheral vascular disease, congestive heart failure, coro-
nary artery disease, history of ischemic stroke, history of 
transient ischemic attack, alcohol abuse, obesity, chronic 
renal failure, and coagulopathy. Only variables that were 
defined as “present on admission” were considered as part 
of the patient’s preadmission comorbidity profile.

Statistical Analysis
The association of ProPublica complication rates with 

our outcome measures was examined in a multivariable 
setting. A logistic regression was employed for categori-
cal outcomes (mortality and discharge to a facility) and 
a linear regression for linear outcomes (LOS and hospi-
talization charges). The linear models were repeated after 
logarithmic transformation of the outcomes. The direction 
of the observed associations did not change, and therefore 
these results are not reported further for ease of interpreta-
tion. The covariates used for risk adjustment in our models 
were age, sex, race, insurance, and all the comorbidities 
mentioned previously. Mixed-effects methods were em-
ployed, with operating surgeon used as a random-effects 
variable, to account for clustering at the surgeon level.

In an alternative method to control for confounding, 
we used a propensity-adjusted (with deciles of propensity 
score) regression model. We calculated the propensity of 
undergoing treatment by a “high complication” surgeon 
with a separate logistic regression model, using all the 
covariates mentioned previously. Propensity adjustment 
compares subjects within the same decile of propensity 
score, balancing potential differences in covariates, while 
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using the entire cohort, without any observations being 
discarded. Mixed-effects methods were employed, with 
operating surgeon used as a random-effects variable, to 
account for clustering at the surgeon level.

As part of a sensitivity analysis, we restricted our co-
hort to just the 2 ICD-9-CM codes used by ProPublica 
to define posterior lumbar fusion (81.07, 81.08). In addi-
tion, we restricted our analysis to only Medicare patients, 
which is the subgroup the original surgeon’s scorecard 
was built on.

For the calculation of risk-adjusted rates of outcomes, 
we employed a mixed-effects predictive model including 
age, sex, race, insurance, and all the comorbidities men-
tioned previously. Hospital of treatment was used as a 
random-effects variable.

Regression diagnostics were used for all models. All re-
sults are based on 2-sided tests, and the level of statistical 
significance was set at 0.05. Only cases without missing 

values were included in the analysis. This study, based on 
8,457 patients, has sufficient power (80%) at a 5% Type I 
error rate to detect differences in discharge to a facility, 
as small as 3%. Statistical analyses were performed using 
the 64-bit version of R.3.1.0 (R Foundation for Statistical 
Computing), Stata (version 13, StataCorp.), and SPSS (ver-
sion 22, IBM).

Results
Patient Characteristics

During the selected study period there were 8,457 pa-
tients in New York State who underwent posterior lum-
bar fusion (mean age 58.7 years, 53.3% of patients were 
female) performed by 56 surgeons who were also repre-
sented in the ProPublica Surgeon Scorecard. During the 
same period, 2,897 patients (25.5%) underwent posterior 
lumbar fusion operations by surgeons not represented in 

TABLE 1. Patient characteristics

Characteristic
All  

Patients
Patients Treated by Physicians  

w/ Low Complication Rates
Patients Treated by Physicians  
w/ High Complication Rates*

Sample size 8,457 4,151 4,306
Mean age, yrs (SD) 58.7 (14.8) 59.5 (14.8) 58.1 (14.7)
Female sex 4,508 (53.3%) 2,279 (54.9%) 2,231 (51.8%)
Insurance status
 Medicare 2,958 (35.0%) 1,551 (37.4%) 1,411 (32.8%)
 Medicaid 220 (2.6%) 91 (2.2%) 125 (2.9%)
 Private insurance 3,938 (46.6%) 1,779 (42.9%) 2,156 (50.1%)
 Self-pay 237 (2.8%) 199 (4.8%) 39 (0.9%)
 Other 1,107 (13.1%) 531 (12.8%) 572 (13.3%)
Race
 Caucasian 7,171 (85.3%) 3,388 (81.9%) 3,783 (88.6%)
 African American 429 (5.1%) 248 (6.0%) 184 (4.3%)
 Hispanic 244 (2.9%) 128 (3.1%) 111 (2.6%)
 Asian 101 (1.2%) 66 (1.6%) 34 (0.8%)
 Other 462 (5.5%) 306 (7.4%) 154 (3.6%)
Comorbidities
 Diabetes mellitus 1,311 (15.5%) 627 (15.1%) 685 (15.9%)
 Tobacco use 1,252 (14.8%) 648 (15.6%) 603 (14.0%)
 Obesity 1,125 (13.3%) 498 (12.0%) 624 (14.5%)
 History of ischemic stroke 132 (0.01%) 72 (0.02%) 0 (0%)
 CAD 1,235 (11.4%) 486 (11.7%) 478 (11.1%)
 COPD 1,235 (14.6%) 614 (14.8%) 620 (14.4%)
 CHF 186 (2.2%) 104 (2.5%) 86 (2.0%)
 Coagulopathy 118 (1.4%) 58 (1.4%) 60 (1.4%)
 CRF 237 (2.8%) 125 (3.0%) 112 (2.6%)
 Hypertension 4,237 (50.1%) 2,117 (51.0%) 4,775 (49.2%)
 Hypercholesterolemia 3,028 (35.8%) 1,482 (35.7%) 2,119 (35.9%)
 Alcohol abuse 118 (1.4%) 71 (1.7%) 43 (1.0%)
 PVD 220 (2.6%) 95 (2.3%) 125 (2.9%)

CAD = coronary artery disease; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CRF = chronic renal failure; 
PVD = peripheral vascular disease.
* Greater than the average complication rates.
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the ProPublica Surgeon Scorecard. The characteristics of 
our cohort at baseline can be seen in Table 1.

Discharge to a Facility
Overall, 3,873 patients (45.8%) were discharged to a fa-

cility after posterior lumbar fusion in our cohort. Higher 
publicly reported physician complication rates were asso-
ciated with a lower rate of discharge to a facility (OR 0.90, 
95% CI 0.86–0.93) in the unadjusted analysis. However, 
after adjusting for confounding in a mixed-effects multi-
variable regression model (Table 2), ProPublica complica-
tion rates were not associated with discharge to a rehabili-
tation facility (OR 0.97, 95% CI 0.72–1.31). This persisted 
in a propensity score–adjusted model (OR 0.65, 95% CI 
0.34–1.24). Figure 1A demonstrates the correlation (r = 
-0.0009) of risk-adjusted rates of discharge to a rehabili-
tation facility with the risk-adjusted ProPublica complica-
tion rates for surgeons in our study.

LOS
The average LOS was 5.1 days (SD 5.6) after poste-

rior lumbar fusion in our cohort. Higher publicly reported 
physician complication rates were associated with shorter 
LOS (difference -0.2, 95% CI -0.3 to -0.1) in the unad-
justed analysis. However, after adjusting for confounding 
in a mixed-effects multivariable regression model (Table 
2), ProPublica complication rates were not associated with 
LOS (adjusted difference -0.1, 95% CI -0.5 to 0.2). This 
persisted in a propensity score–adjusted model (adjusted 
difference -0.2, 95% CI -1.0 to 0.7). Figure 1B demon-
strates the correlation (r = -0.009) of risk-adjusted LOS 
with the risk-adjusted ProPublica complication rates for 
surgeons in our study.

Inpatient Mortality
Overall, 17 (0.2%) inpatient deaths were recorded after 

posterior lumbar fusion in our cohort. Publicly reported 
physician complication rates were not associated with 
mortality (OR 0.83, 95% CI 0.53–1.30) in the unadjusted 
analysis. This persisted (Table 2) in a mixed-effects lo-
gistic regression model (OR 0.87, 95% CI 0.49–1.55) and 
a propensity score–adjusted model (OR 0.86, 95% CI 

0.37–2.00). Figure 1C demonstrates the correlation (r = 
-0.018) of risk-adjusted mortality with the risk-adjusted 
ProPublica complication rates for surgeons in our study.

Hospitalization Charges
The average hospitalization charges were $82,504 

(SD $65,971) after posterior lumbar fusion in our cohort. 
Higher publicly reported physician complication rates 
were associated with higher total hospitalization charges 
(difference $15,805, 95% CI $2,985–$28,624) in the unad-
justed analysis. However, after adjusting for confounding 
in a mixed-effects multivariable regression model (Table 
2), ProPublica complication rates were not associated with 
total hospitalization charges (adjusted difference $18,735, 
95% CI -$59,177 to $96,647). This persisted in a propen-
sity score–adjusted model (adjusted difference $48,946, 
95% CI -$22,721 to $12,932). Figure 1D demonstrates 
the correlation (r = 0.02) of risk-adjusted hospitalization 
charges with the risk-adjusted ProPublica complication 
rates for surgeons in our study.

Sensitivity Analysis
In sensitivity analysis, restricting our cohort to the 

ICD-9-CM codes used by ProPublica, higher publicly 
reported physician complication rates were not associ-
ated with rates of discharge to a facility (OR 0.94, 95% 
CI 0.69–1.28), mortality (OR 1.44, 95% CI 0.42–4.94), 
LOS (adjusted difference -0.03, 95% CI -0.29 to 0.23), 
and total hospitalization charges (adjusted difference 
$10,763, 95% CI -$12,207 to $22,749). When restricting 
the cohort to just Medicare patients, we did not identify 
an association of publicly reported physician complication 
rates with rates of discharge to a facility (OR 0.81, 95% CI 
0.54–1.22), mortality (OR 0.90, 95% CI 0.86–0.93), LOS 
(adjusted difference -0.04, 95% CI -0.4 to 0.5), and total 
hospitalization charges (adjusted difference $7,245, 95% 
CI -$9,846 to $24,336).

Discussion
Using a comprehensive all-payer cohort of patients in 

New York State undergoing posterior lumbar fusion, we 
identified no association of publicly reported complication 

TABLE 2. Association of comprehensive surgeon outcomes with surgeon complication rates as reported in ProPublica Surgeon Scorecard

Model

Discharge to Rehabilitation* LOS (days)† Inpatient Mortality* Hospitalization Charges†
OR  

(95% CI)
p  

Value
Adjusted Difference  

(95% CI)
p  

Value
OR  

(95% CI)
p  

Value
Adjusted Difference  

(95% CI)
p  

Value

Crude 0.90 (0.86–0.93) <0.001 −0.2 (−0.3 to −0.1) <0.001 0.83 (0.53–1.30) 0.422 $15,805 ($2,985 to $28,624) <0.001
Multivariable 

regression‡
0.97 (0.72–1.31) 0.834 −0.1 (−0.5 to 0.2) 0.428 0.87 (0.49–1.55) 0.646 $18,735 (−$59,177 to $96,647) 0.637

Propensity score 
adjustment‡

0.65 (0.34–1.24) 0.196 −0.2 (−1.0 to 0.7) 0.659 0.86 (0.37–2.00) 0.723 $48,946 (−$22,721 to $12,932) 0.590

Propensity score calculations were based on age, sex, race, insurance, and all comorbidities. Complication rates were treated as a binary variable (with rates higher 
than average considered “high”) for the purposes of regression adjustment.
* Analyses based on logistic regression.
† Analyses are based on linear regression.
‡ Mixed effects; includes surgeon as a random-effects variable.
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rates by a private vendor with the rate of discharge to re-
habilitation, LOS, mortality, and hospitalization charges 
for the same surgeons calculated in the database over the 
same time period. Our results were robust when consider-
ing several advanced observational techniques to account 
for confounders. The science of quality measurement will 
be central in guiding patient choices.7 Reliable public re-
porting is expected to raise quality of care, lower average 
cost, and improve population health.11,14,28 ProPublica is 
one of the first private endeavors to report surgeon compli-
cations, and it complements similar efforts by the govern-
ment.23 However, there are concerns that the methodology 
employed and the metrics reported might be misleading 
for patient choices.

Prior observational studies have reported conflicting re-
sults on the validity of publicly reported quality measures 
by government agencies. Werner and Bradlow29 demon-
strated that disease-specific Hospital Compare metrics for 
pneumonia, myocardial infarction, and congestive heart 
failure were associated with modestly improved mortality. 
In addition, Stulberg et al.,27 using a commercial database, 
identified an association of process measure performance 
and decreased rates of surgical site infections. In contrast, 

Shafi et al.,25 in a study of the National Trauma Data Bank, 
demonstrated that the performance of trauma centers on 
Hospital Compare metrics was not associated with out-
comes of trauma patients. In their conclusions, they ad-
vocated for the development of trauma-specific measures. 
More recently, other investigators20 were not able to iden-
tify an association of subjective Hospital Compare met-
rics with objective outcomes of patients undergoing spinal 
surgery in New York State. In other studies, Safavi et al.24 
and Paddock et al.21 concluded that publicly reported mea-
sures make it difficult to distinguish among hospitals from 
which patients are likely to choose. No prior investigation 
has focused on reported quality measures by nonpublicly 
accountable private organizations.

The present analysis demonstrated no association of 
objective outcomes with complication rates reported in 
ProPublica. There are several methodological drawbacks10 
in the creation of the surgeon scorecard that might explain 
our findings. First, the ProPublica is based on fee-for-
service Medicare claims. This represents 20% of all in-
surance coverage and excludes privately insured patients, 
Medicaid, managed care, and other insurance products. 
Physician practices vary widely in regard to their payer 

FIG. 1. Scatterplots demonstrating the correlation of risk-adjusted rates of surgeon complications as reported in the ProPublica 
Surgeon Scorecard and the risk-adjusted rates of discharge to a facility (A), length of stay (B), mortality (C), and total hospitaliza-
tion charges (D) for the same surgeons in New York State over the same period of time. Figure is available in color online only.
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mix, which introduces a significant selection bias. Most 
notably, some of the highest volume surgeons are not 
represented in ProPublica because they do not reach the 
cutoff of 20 Medicare procedures arbitrarily set by the 
authors. Second, the ICD-9-CM codes employed by Pro-
Publica to define the spine surgery cohort are inaccurate 
and misrepresent the procedures performed. Coding is 
very diverse in different institutions, and there is no single 
code used by all providers to represent a spinal fusion. 
Prior peer-reviewed studies of lumbar fusion and spinal 
surgery in general2,5,13,16,19 have used multiple codes in their 
definitions, a methodology which we have also followed 
in our study. However, even when restricting our cohort to 
the limited codes used by ProPublica our results remain. 
Third, the definition of complications based on adminis-
trative data does not represent the granularity needed for 
patient choices. Such quality improvement efforts are cur-
rently underway, spearheaded by specialty societies.17 In 
addition, selecting complications focusing on readmissions 
and expert opinion22 ignores the fact that the majority of 
complications happen during the patient’s hospitalization, 
resulting in death or unfavorable discharge. Readmissions 
are, to a large degree, irrelevant to surgeon skill and are 
dependent on continuity of care and the systems put in 
place by hospitals to facilitate the postdischarge needs of 
the patients.3,6 Lastly, ProPublica does not provide a break-
down of the individual metrics comprising its complica-
tion measure and offers no information on missing data.

From a policy perspective, we found no evidence 
that patients should base their decisions on reported 
complication rates by ProPublica. Such metrics do not 
currently allow the side-by-side comparison of different 
physicians in regard to the quality of care in spine surgery. 
In order for this goal to be met, specialty-specific, patient-
centered, quality-oriented outcomes should be monitored 
and reported. Recent legislative reform18 allows a more 
active role for registries in public reporting, avoiding the long 
and costly task of developing metrics through the National 
Quality Forum (http://www.qualityforum.org/Measuring_
Performance/Consensus_Development_Process.aspx). 
In this direction, the NeuroPoint Alliance (http://www.
neuropoint.org) is creating the first neurosurgery-specific 
Qualified Clinical Data Registry Reporting, based on 
metrics developed as part of the Quality and Outcomes 
Database (formerly the N2QOD [National Neurosurgical 
Quality and Outcomes Database]).17 Similar initiatives 
are underway by general surgery through the National 
Surgical Quality Initiative Program (https://www.facs.org/
quality-programs/acs-nsqip). These specific measures, in 
the setting of rigorous risk adjustment, will allow the head-
to-head comparison of physicians.

Quality measurement and reporting is an immature 
science.14,30 However, a recent survey-based study demon-
strated a strong influence of quality metrics on the deci-
sions of hospital leaders, despite their concerns about the 
clinical meaningfulness, unintended consequences, and 
methods of public reporting.12,15 Currently, different qual-
ity initiatives use various metrics to create ratings, some 
of which are based on numerical data and some on solic-
ited opinion. Methodologies are widely varied and results 
are presented in different ways.30 Most importantly, rating 

systems often disagree with each other,1 highlighting the 
complexity and multidimensionality of the enterprise.9,26 
The aforementioned specialty society initiatives aim to 
create universal metrics of quality to allow patient partici-
pation in the selection process.

Our study has several limitations common to admin-
istrative databases. Residual confounding will undoubt-
edly be present. However, we used advanced observational 
techniques to control for confounders. In addition, coding 
inaccuracies can affect our estimates. However, we used 
codes that have been employed by prior studies of spinal 
surgery2,5 and are more representative than the codes used 
by ProPublica. Although SPARCS includes all hospitals 
from the entire New York State, the generalization of this 
analysis to the US population at large is uncertain. Ad-
ditionally, we were lacking post-hospitalization and long-
term data on our patients. Quality metrics (i.e., modified 
Rankin Scale score) are also not available through this 
database, and therefore we cannot compare our patients on 
these outcomes. Initiatives, such as the Quality and Out-
comes Database, will provide such opportunities in the 
future. These clinical measures will be crucial to compare 
surgeons on procedure-specific metrics. Finally, causality 
cannot be definitively established based on observational 
data, despite the use of advanced techniques.

Conclusions
The accuracy of public reporting in health care, espe-

cially from private vendors, remains an issue of debate. 
Using a comprehensive all-payer cohort of patients in New 
York State undergoing posterior lumbar fusions, we identi-
fied no association of publicly reported complication rates 
by a private vendor with the rate of discharge to rehabilita-
tion, LOS, mortality, and hospitalization charges for the 
same surgeons calculated in the database over the same 
time period.
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