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ABSTRACT

This paper uses data envelopment analysis to explore how to evaluate physician and hospital clinical 
efficiency for coronary artery bypass surgery. First, the DEA models (measuring overall technical 
and scale efficiency partitioned by severity) identified many inefficient surgeons. Regardless of time 
period studied, relatively few surgeons were found to be on the best-practicing production frontier 
(DEA efficiency score = 1). The authors offer some evidence that clinical efficiency may be subject 
to investing in organizational capabilities that arise from operational strategies such as developing 
open heart surgery as a specialty, years of experience, training, and ultimately, acquiring a cadre of 
“efficient” surgeons. At a minimum, these findings support including some measures of “superior” 
organizational capabilities, strategic focus or product specialization, continuing education, and 
experience in future work.
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INTRodUCTIoN

Cardiovascular disease (CVD) is a leading cause of death and disability around the globe, as well 
as a major economic burden contributing to unemployment, disability, lost productivity, and rising 
health costs (Mensah & Brown, 2007; WHO, 2021). In the U.S., the total direct and indirect costs of 
CVD and stroke were $555 billion in 2016 and projected to rise to $1.1 trillion by 2035. An estimated 
45 percent of the U.S. population will have at least one cardiovascular disease condition by 2035 
(American Heart Association, 2017).

The first-line treatment for many people with CVD is coronary artery bypass graft (CABG) 
surgery, which is among the most common and expensive operative procedures (AHRQ, 2021; Del 
Rizzo et al., 1998; Wilson et al., 2007). It is also one of the most profitable hospital procedures. These 
CVD facts raise the question of whether these programs and procedures are effective and efficient. Two 
CABG trends in the U.S. have been reported in the literature: (1) the number of hospitals performing 
CABGs has been increasing, and (2) the number of CABG procedures performed annually has been 
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declining (Wilson et al., 2007). According to the Agency for Healthcare Research and Quality’s 
Healthcare Cost and Utilization project, the annual volume of CABG procedures declined nearly 
50% between 2001 and 2011, with 207,300 CABG procedures performed in 2011 declining further 
to 201,600 by 2018 (Agency for Healthcare Research and Quality, 2021; Weiss & Elixhauser, 2014). 
Although the efficacy of the CABG procedure has been well-established—it prolongs life for some 
patients and improves the quality of life for most—the efficiency and productivity changes of hospital 
CABG programs have not been documented.

Hospital managers and physicians are coping with the growing rivalry for CVD patients by 
developing new marketing approaches. However, this rivalry and threats of alternative and substitute 
therapies and medical procedures may mean that hospital and clinical service line managers will soon 
face even more serious accountability and performance challenges. Hospitals are a good example 
of a multilevel enterprise with centralized management but different levels of clinical units and 
collaboration among a diverse array of professionals mobilized to provide specific clinical service 
lines such as coronary artery bypass graft surgeries, the focus in this paper (Sisodia & Agrawal, 2019, 
Barhoun et al., 2019; Srivastava, 2021; Barros, 2022).

CABG program performance is coming under sharper scrutiny because recent research studies 
have uncovered striking differences in cost and quality, and interest groups are using these findings 
to pressure hospitals to change (Anderson et al., 2003; Cowper et al., 2002; Mensah & Brown, 2007; 
Nagle & Smith, 2004). Future government policy will be aimed toward supporting CABG programs 
that are more efficient and more effective. Despite much activity and effort, only a few CABG 
programs have been singled out as superior. In Pennsylvania, for example, only 5 out of 39 hospitals 
were designated as superior performers in 1999, as measured by lower costs, mortality, morbidity, 
and short lengths of stay (HCIA, 1999). Studies of physician performance often reveal wide variations 
in efficiency levels—some are much more successful than others. Why is it that some physicians 
perform more effectively than their peers? If a CABG surgeon can get better results, what explains 
her or his relative effectiveness?

In this paper, to illustrate how to evaluate cardiac surgery at the individual physician level, 
we explore the performance of CABG surgeons operating in Pennsylvania using historical data 
from 1994-95 and 2003-4. The research objective is to evaluate the performance and analyze the 
factors that explain performance using a methodology called Data Envelopment Analysis (Banker 
et al., 1984; Charnes et al., 1978; Charnes et al., 1994; Chilingerian, 1989; Chilingerian, 1995; 
Chilingerian & Sherman, 1990; Chilingerian & Sherman, 2011; Cooper et al., 2007; Zhu, 2000; 
Barros & Aguilera, 2022). To study cardiac surgeon performance, the theory-based mathematic called 
Data Envelopment Analysis (DEA) is used as a tool for health care policy makers and managers to 
measure and evaluate the relative performance of clinicians, clinics, and health care organizations. 
DEA is a powerful performance evaluation methodology that identifies top performers in relation to 
less effective performers. The methodology can handle multiple, non-commensurate1 clinical inputs 
and outputs, including qualitative factors such as patient satisfaction. DEA can measure and evaluate 
the performance of different clinical decision-making units when the care process involves multiple 
inputs and outputs (Banker et al., 1984). Most importantly, DEA estimates a single summary measure 
of relative performance without requiring a priori weights.

The study demonstrates how to study complex cardiovascular healthcare services at the individual 
physician level over two time periods from a retrospective data set. We constructed a study file from 
an amalgam of databases containing the attributes of individual physicians, patients, hospitals, and 
the markets in which they operate. Although we have more recent data, obtaining all the physician-
level information on characteristics such as years out of medical school, where they trained, and 
how many continuing medical education hours they achieved became difficult. While all these data 
exist, matching these characteristics to a unique physician identifier is impossible. As we explored 
several essential variables in our conceptual model, we could test some exploratory hypotheses with 
that unique historical data set.
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Our purpose is two-fold. First, to demonstrate how to measure and evaluate cardiac surgeon 
performance to understand the variables or mechanisms associated with clinical efficiency and 
performance change. Second, to show that an informative and more comprehensive data set can 
uncover new hypotheses for future studies.

LITERATURE ANd CoNCEPTUAL ModELS

Literature
Evaluating a healthcare provider’s clinical efficiency requires finding “best practices”—i.e., the 
minimum set of inputs to produce a successfully treated patient. Clinical inefficiency occurs when 
a provider uses a relatively excessive quantity of clinical resources (inputs) compared to providers 
practicing with a similar number and mix of patients. Hence, surgeons will be considered 100% 
efficient if they care for patients with fewer days of stay and ancillary services and achieve constant 
quality outcomes.

Previous research on physician utilization has found relationships between the use of resources 
and factors such as patient case mix, physician specialty training, and practice organization. Eisenberg 
(1986) suggests that models of physician performance should consider patient characteristics, 
physician characteristics, practice behavior, and the general context of the practice setting and 
environment (Figure 1). This model was further developed by Chilingerian and Glavin (1994). 
These factors can affect the utilization of clinical resources (practice management behavior) and 
patient management outcomes (quality and cost). This study was organized around the conceptual 
model displayed in Figure 1.

Multiple patient characteristics have been linked to CABG surgery efficiency and outcomes. 
Patient-related variables such as gender and age have been known to affect outcomes following 
CABG procedure. For example, women tend to be more high-risk patients, more often older and have 
more significant comorbidity (Capdeveille et al., 2001; Rankin, 1990; Regitz-Zagrosek et al., 2004; 
Vaccarino et al., 2003). Differences in race have also been shown to predict patient outcomes. Black 
patients more often experience operative mortality and post-operative complications (Bridges et al., 
2000; Rumsfeld et al., 2002). Patients residing in the lowest affluent quartile of their area may be 
twice as likely to experience a complication (Gibson et al., 2009). However, Kim et al. (2007) found 
that the poorer outcomes experienced by low-SES patients do not exist in low-volume hospitals.

In addition to patient characteristics, other variables can impact patient outcomes following 
CABG. Several studies have demonstrated that larger-volume hospitals yield better outcomes in 

Figure 1. Factors influencing patient management outcomes
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CABG procedures, particularly measured in mortality (Birkmeyer et al., 2002; Rathore et al., 2004). 
Improved outcomes may also be achieved in low-volume hospitals where high-volume surgeons 
practice (Papadimos et al., 2005). As hospitals develop specialized cardiac surgery programs, this 
diverts caseload and potentially displaces knowledge away from other hospitals (Wilson et al., 
2007). This distribution reduces a hospital’s ability to meet the Leapfrog Group for Patient Safety 
recommended annual CABG volume of 450 procedures. In addition to greater patient mortality, 
low-volume hospitals experience higher costs (Auerbach et al., 2010; Ho & Petersen, 2007). As the 
number of CABG procedures being performed is falling and the number of hospitals performing 
procedures is increasing, patient outcomes are potentially vulnerable.

Physician specialty and practice organization have been correlated with using consultations, 
hospitalizations, diagnostic tests, and so on (Eisenberg, 1986). Every physician possesses a body of 
knowledge and a repertoire of skills accumulated through years of education, training, and practice 
experience (Eisenberg, 1986). Comparative studies of seasoned physicians and medical students have 
found that with experience, physicians recall more critical cues and can differentiate more relevant 
from irrelevant information (Coughlin & Patel, 1987). Eisenberg and Nicklin (1981) found that the 
number of years since medical school graduation was negatively associated with the use of radiologic 
and laboratory tests.

The experience effect of treating large numbers of patients (volume irrespective of severity) 
suggests that efficiency should be higher for physicians caring for more patients—i.e., carrying 
larger caseloads (Lin et al., 2007). Physicians who handle larger hospital caseloads will spend 
more time managing patients on-site and should be more adept at processing information from 
nurses and technicians.

Research has shown that surgeons performing coronary artery bypass surgery become more 
efficient with experience (Cromwell et al., 1990; Hannan et al., 2003). Physicians manage patients 
at every hospital where they admit patients. However, some physicians practice exclusively at one 
hospital, while others admit patients to several hospitals (Burns et al., 1989). Physicians who admit 
patients to multiple hospitals inevitably dilute their managerial attention and oversight capability. 
Therefore, physicians who concentrate their admissions in fewer hospitals should prove more efficient 
than physicians who operate in a greater number of settings.2 Finally, training and education can also 
influence physician behavior. For example, Andriole et al. (1998) found that even an abbreviated 
continuing medical education course resulted in long-term changes among surgeons attending a one-
day workshop on surgical education.

Studies have long documented performance differences between fee-for-service and HMO-
affiliated physicians. Some observers argue that prepayment arrangements in HMOs encourage 
physicians to be more efficient by shifting part of the financial risk to physicians, since HMO 
viability depends on efficient care (Hillman et al., 1987). One study found that HMO physicians 
treating inpatients made fewer patient referrals to consultants than fee-for-service physicians (Luke & 
Thomson, 1980). Similarly, hospitals that receive large shares of revenues from capitated or bundled 
pricing arrangements can be expected to reduce service utilization, staffing levels, and so forth.

In addition to using the current study to replicate our previous research on CABG surgery in 
Pennsylvania, we wanted to extend our surgeon-level analysis in 2003-2004 to take advantage of 
some new potential explanatory variables that were not available. One new variable is MEDINC, 
which represents the median family income for FY2004 in the Office of Management and Budget’s 
Core-Based Statistical Area (CBSA), where the surgeon’s primary hospital is located. We included 
this environmental control variable to help account for regional price differences not fully accounted 
for by the hospital charges adjusted by facility-specific cost-to-charge ratios. MEDINC also can help 
control for regional variations in the intensity of health care resource use where higher family incomes 
are typically associated with increased health care utilization.

The other two new variables we tested in the Tobit analysis for 2003-2004 were SALMDPCT and 
HSPTL.3 The former represents the percentage of all full-time equivalent employees at a hospital that 
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are salaried physicians. A higher value of SALMDPCT should indicate greater alignment between 
a hospital and the physicians there, potentially generating more efficient care practices. The HSPTL 
variable is a (0,1) variable indicating whether or not a hospital has adopted the hospitalist physician 
model for treating inpatients. The hospitalist model became more common after 1994-1995 and has 
been associated with more efficient care, so we wanted to investigate its association with CABG 
surgeon efficiency.

Hypotheses
The analysis of physician and hospital services requires adequate measures of case-mix complexity and 
severity (Brewster et al., 1985; Landon et al., 1996; Steen et al., 1993). In addition to complexity and 
severity measures, other variables such as age, gender, and race are helpful to account for population 
and health differences. Based on the conceptual framework presented in the preceding section, the 
study will focus on testing the following hypotheses:

H1: Controlling for case mix, cardiac surgeons, and cardiac surgery units with higher volumes of 
CABGs will be more efficient.

H2: Controlling for case mix, cardiac surgeons with more years of experience will be more efficient.
H3: Controlling for case mix, cardiac surgeons who complete more than 50 hours of continuing 

medical education will be more efficient.
H4: Controlling for case mix, cardiac surgeons, and cardiac surgery units treating a greater proportion 

of HMO patients will be more efficient.
H5: Controlling for case mix, cardiac surgeons practicing in hospitals that specialize or focus on 

open heart surgeries in relation to other admissions will be more efficient.
H6: Controlling for case mix, cardiac surgery units that focus on open heart surgeries in relation to 

other admissions will be more efficient.
H7: Controlling for case mix, cardiac surgeons who concentrate more on the CABG procedures they 

perform at a single facility will be more efficient.
H8: Controlling for case mix, cardiac surgeons who perform CABG procedures in teaching hospitals 

will be less efficient.
H9: Controlling for case mix, cardiac surgeons whose primary hospital for CABG procedures has a 

greater percentage of physicians among total salaried employees will be more efficient.
H10: Controlling for case mix, cardiac surgeons whose primary hospital utilizes hospitalist physicians 

to treat inpatients will be more efficient.

METHodS

data Sources
In the study, we compiled our final data set by matching the CABG data supplied by the Pennsylvania 
Health Care Cost Containment Council with the American Medical Association (AMA), American 
Hospital Association (AHA), and Pennsylvania Hospital Association (PHA) data available for 
Pennsylvania physicians. The chief data source was a database of all CABGs performed in Pennsylvania 
hospitals in 1994-1995 and 2003-2004. These data were obtained from the Pennsylvania Health Care 
Cost Containment Council (PHC4, 1998, 2005, and 2006), an independent state agency. The second 
data source employed in the study was the American Medical Association’s Directory of Physicians 
in the United States (AMA, 1996; AMA, 2004). This directory includes both AMA members and non-
AMA members. The Pennsylvania Hospital Association’s annual hospital survey for 2004-2005 and 
the American Hospital Association’s Annual Survey of Hospitals Database for 1995-2005 represented 
additional data sources for the study. The PHA and AHA databases contain data items detailing factors 
such as each hospital’s organizational structure, staffing levels, facilities, and services (AHA, 1996).
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Sample Construction
For the surgeon-level analysis, we removed all cases handled by surgeons with less than 30 cases (combined) 
of DRG 106 and DRG 107 in 1994 and 1995.4 The final 1994-1995 database for the surgeon efficiency 
analyses thus contained 28,613 discharges for DRGs 106 and 107, representing 139 surgeons. We proceeded 
analogously with the 2003-2004 data, removing all cases handled by surgeons with less than 30 cases 
(combined) of DRG 107 and DRG 109 in 2003 and 2004. The final 2003-2004 database for the surgeon 
efficiency analyses thus contained 19,246 discharges for DRGs 107 and 109, representing 116 surgeons.

For DRG 106 and 107 in 1994-1995 and DRG 107 and 109 in 2003-2004, we classified as high 
severity approximately 20 percent of all cases with the highest estimated probability of death. For 
1994-1995, high-severity cases had an estimated probability of death greater than or equal to 3% 
(p≥0.03). In 2003, high-severity cases had an estimated probability of death greater than or equal 
to 2.5% (p≥0.025), while high-severity cases in 2004 had an estimated probability greater than or 
equal to 2.9% (p≥0.029).

defining Clinical Inputs and outputs for Efficiency Estimates
For the surgeon-level analysis, we used a two-input, four-output clinical production model (Figure 
2). Surgeons and hospitals are assessed relative to their peers according to how efficiently they 
convert clinical inputs into the outputs of completed cases. The two inputs are defined as (1) 
the total length of stay in days (LOS) for the CABG cases handled and (2) the total ancillary 
and other charges (dollars) for the CABG cases handled. The ancillary and other charges input 
includes ancillary, drug, equipment, and miscellaneous charges. The first input, length of stay, 
represents a measure of the duration of CABG admissions and the utilization of clinical inputs 
such as nursing care and support services. The second input, ancillary and other charges, 
represents factors such as the intensity of CABG admissions and the utilization of operating 
rooms, laboratory and radiological testing, and drugs.

The cost-to-charge ratios from the Medicare Cost Reports for each Pennsylvania hospital were 
applied to the raw totals for ancillary, drug, equipment, and miscellaneous charges to account for 
facility-specific reimbursement rates for the same DRGs.5 All charge data for 1994, 1995, and 2003 
were converted into 2004 dollars using the all-payer inflation factors from the Office of the Actuary, 
Centers for Medicare and Medicaid Services (Office of the Actuary, 2007).

The four classes of clinical outputs represent completed CABG surgery cases. Since patients 
with more severe clinical conditions will likely require more clinical inputs, the efficiency analysis 
must account for variations in case mix to be fair to surgeons or hospitals treating relatively sicker 
CABG patient populations. Accordingly, we set up the two CABG DRGs as separate clinical 
outputs and (as explained above) divided each DRG into low-severity and high-severity classes, 
as indicated in Figure 2.

Figure 2. Production model for evaluating CABG surgery
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Explanatory and Control Variables for Estimates of Surgeon Efficiency
The rationale for the explanatory and control variables was explained above. The variables and 
definitions are as follows.

Control Variables

1.  AVGAGE: This variable represents the mean age of the patients treated by each surgeon.
2.  PCTFEMALE: This variable represents the percentage of male patients treated by each surgeon.
3.  PCTWHT: This variable represents the percentage of patients treated by each surgeon who are white.
4.  PCTHMO: This variable represents the percentage of patients treated by each surgeon insured 

through a health maintenance organization.6

The control variables are included in the analysis to account for any case mix differences among 
surgeons not captured by the admission severity classifications described above. However, given the 
rigor of the probability of death estimate developed by the Pennsylvania Health Care Cost Containment 
Council for this specific patient population, we had anticipated in our previous research that one or 
all of these control variables would be insignificant factors in explaining surgeon efficiency. This 
was the case, so we proceeded similarly with the 2003-2004 surgeon-level analysis.

Explanatory Variables

1.  OPHTOT: This variable represents the total number of open-heart surgeries (not only CABGs) 
performed by each surgeon.

2.  YRSPRA: This variable represents the number of years since graduation from medical school.
3.  CME: This variable indicates whether the surgeon received the AMA’s Physician Recognition 

Award for completing at least 50 hours of continuing medical education annually (0/1).
4.  HOSPCT: This variable represents the percentage of all CABGs handled by a surgeon performed 

in the surgeon’s primary (most commonly used) hospital.
5.  TEACH: This variable indicates whether the surgeon’s primary hospital was a teaching hospital.
6.  HMIX: This variable represents the percentage of all admissions (all DRGs) at the surgeon’s 

primary hospital for open-heart surgery.7

7.  MEDINC: This variable is the median family income for FY2004 in the Office of Management 
and Budget’s Core-Based Statistical Area (CBSA), where the surgeon’s primary hospital is located.

8.  SALMDPCT: This variable represents the percentage of all full-time equivalent employees at 
a hospital that are salaried physicians.

9.  HSPTL: This variable indicates whether or not a hospital has adopted the hospitalist physician 
model for treating inpatients.

Below is a summary of the values observed for the explanatory and control variables for the study 
population of 139 Pennsylvania surgeons for 1994-1995 (Table 1). The data show that caseloads, 
on average, were predominantly male (73%) and white (92%), with few patients (10%) enrolled in 
health maintenance organizations. The average surgeon has practiced for 20.6 years and performed 
about 338 open-heart surgeries from 1994 to 1995.

As discussed above, the study population of 116 Pennsylvania CABG surgeons in 2003-2004 were 
treating remarkably similar patients as in 1994-1995 in terms of average age, percent male, and percent 
with race white (Table 2). The percentage of patients enrolled in an HMO was much higher (31%) 
in 2003-2004. The average CABG surgeon was slightly more experienced (22.1 years in practice) in 
2003-2004 but performed less than half as many open-heart surgeries (161.5 vs. 338.1 in 1994-1995).

In the next section, we report on the data sources and analytical results.
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Table 1. Summary of input and output measures and factors affecting surgeon efficiency, 1994-1995

Table 2. Summary of input and output measures and factors affecting surgeon efficiency, 2003-2004
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FINdINGS ANd RESULTS

Findings
The current research examines the performance of CABGs a decade later in the 2003-2004 period. 
Table 1 shows that the average surgeon handled approximately 206 CABG cases in 1994-1995, with 
the following distribution across the four clinical output classes: 105 low severity DRG 106 cases, 25 
high severity DRG 106 cases, 66 low severity DRG 107 cases, and nine high severity DRG 107 cases. 
In caring for these 206 total cases, the average surgeon used as clinical inputs 2,004 inpatient days 
and $3.2 million in ancillary and other charges. The mean length of stay per patient for the average 
surgeon was 9.7 days and the mean ancillary and other service charges per patient were $15,478.83.8

The more recent data in Table 2 shows that the average surgeon in 2003-2004 performed 
approximately 159 CABG surgeries. This decline in caseload from the 1994-1995 period in 
Pennsylvania is consistent with the national trend of declining volume of CABGs. The average 
surgeon in 2003-2004 used as clinical inputs 1,247 inpatient days and $1.9 million in ancillary and 
other charges.9 The average length of stay per patient for the average surgeon was 7.8 days, and the 
mean ancillary and other service charges per patient were $11,858.35. Pennsylvania, therefore, has 
experienced a reduction in average LOS of about 1.9 days and a reduction in ancillary and other 
charges (expressed in 2004 dollars) per admission of about $3,620.48 for CABG surgery.

Tables 1 and 2 suggest that the patient population undergoing CABGs in 2003-2004 is largely 
unchanged from 1994-1995. The average age of patients having the surgery, as well as the percentage 
of patients who are female and the percentage who are white, are nearly identical in both periods. 
This result is surprising given that the national trend has been toward performing CABGs on more 
elderly patients, as discussed above. However, the percentage of patients insured through a health 
maintenance organization rose from 10% in 1994-1995 to 31% in 2003-2004. This rise reflects the 
national trend towards greater enrollment in managed care insurance plans and away from traditional 
indemnity-type health insurance plans.

In the bottom section of Tables 1 and 2, we present data on some surgeon factors we identified 
in our previous research as potential factors affecting CABG surgeon efficiency. We can see that 
the average surgeon in 2003-2004 performed fewer open-heart surgeries than in 1994-1995: 161.5 
open-heart surgeries vs. the earlier aver-age of 338 open-heart surgeries. There are also fewer CABG 
surgeons (116) operating in 2003-2004 than in 1994-1995 (139 surgeons). In terms of years in practice, 
the average surgeon in 2003-2004 had 22.1 years, while the average surgeon in 1994-1995 had 20.6 
years. Half of the Pennsylvania CABG surgeons in 1994-1995 had earned the AMA’s Physician 
Recognition Award for completing at least 50 hours of continuing medical education annually. In 
2003-2004, this percentage declined to 10%.

For both periods, the average CABG surgeon performs about 90% of surgeries in one hospital, 
indicating that Pennsylvania CABG surgeons primarily focus their practice within a single facility. In 
1994-1995, the primary hospital was a teaching hospital for 54% of the CABG surgeons. In addition, 
the total number of open-heart surgeries performed (by all surgeons) in a hospital represented 4% 
of total admissions to that facility (see the bottom of Table 1). Moving to the 2003-2004 period in 
Table 2, the primary hospital was a teaching hospital for only 42% of CABG surgeons. This split 
likely reflects the greater maturity and diffusion of the CABG technology to more hospitals across 
Pennsylvania. As noted above, we have 43 hospitals in our 1994-1995 study database and 60 hospitals 
in our 2003-2004 database.

Identification of Factors in Clinical Efficiency
This component of the study uses multivariate Tobit analysis of surgeon DEA scores to explore factors 
that explain differences in efficiency. The specific factors examined included patient, surgeon, and 
hospital factors. Therefore, the following general model was used:
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DEA Score = f (patient, surgeon, and hospital characteristics) 

The explanatory and control variables for the surgeon-level multivariate analyses are detailed 
above. DEA scores for surgeons were computed using discharge data for 1994 and 1995 CABG 
surgeries together.10 This approach maximized the per-surgeon CABG caseload quantities and the 
potential explanatory power of the multivariate analyses.

The physician sample for this study has observations on the DEA efficiency scores and 
explanatory/control variables for 139 surgeons in 1994-1995 and 116 surgeons in 2003-2004. The 
DEA scores are a mixture of discrete and continuous parts. Inefficient surgeons have DEA scores that 
fall into a wide variation of strictly positive values less than 1. Surgeons practicing CABG surgeries 
at the clinically efficient production frontier all have efficiency equal to 1 because DEA has an upper-
value limit of 1. A multivariate regression model other than ordinary least squares (OLS) is required 
to estimate the coefficients in an equation explaining efficiency. The OLS method assumes a normal 
and homoscedastic distribution of the disturbance and the dependent variable. When the distribution 
of the dependent variable is censored at some limiting value, the expected errors will not equal zero. 
Applying OLS in such circumstances will lead to a biased estimate (Maddala, 1983).

The DEA scores for surgeons performing CABG surgeries thus display a censored distribution 
where the censoring takes the following form:

Efficiency score = actual score when score < 1 
Efficiency score = 1, otherwise 

As a result, the distribution of surgeons’ DEA scores includes a significant number of observations 
at the limiting value of 1. Given this condition for the dependent variable, a Tobit-censored regression 
model is an appropriate method for the multivariate analysis (Chilingerian, 1995).

Greene (1993) has demonstrated that a convenient normalization for computational reasons in 
Tobit studies assumes a censoring point at zero. To put the surgeon efficiency data into this form, 
the DEA scores were transformed using the following form:

Inefficiency score = (1/θ) – 1 

where:

θ = DEA efficiency score 

The result is the dependent variable (DEA inefficiency score), which takes the following form:

For θ = 1 
DEA inefficiency score = 0 
For all other values of θ, 0 < DEA inefficiency score ≤ ∞ 

Once DEA scores have been transformed, Tobit regression is readily used to understand variations 
in efficiency. The slope coefficients for independent variables in Tobit are interpreted as if they were 
obtained using ordinary least squares regression. A slope coefficient represents the change in the 
dependent variable (DEA inefficiency score) with respect to a one-unit change in the independent 
variable, holding all else constant. A log-likelihood ratio statistic is used to test the significance of the 
Tobit model equation, much like an F-test for OLS (Judge et al., 1985). The log-likelihood ratio test 
has a chi-square distribution, with degrees of freedom equal to the number of independent variables 
used in the regression (Chilingerian, 1995).
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Results
For each of the 139 surgeons in the study population for 1994-1995, two DEA efficiency scores were 
obtained: one score for 1994 and one score for 1995. The DEA model for CABG production was 
composed of two inputs (days of stay and ancillary/other charges) and four outputs (low severity DRG 
106 cases, high severity DRG 106 cases, low severity DRG 107 cases, and high severity DRG 107 
cases). The 1994 efficiency scores (Theta94) were compared to the 1995 efficiency scores (Theta95). 
The average Theta94 score was 0.880 (standard deviation = 0.084), while the average Theta95 score 
was 0.869 (standard deviation = 0.095). As anticipated, Theta94 turned out to be highly correlated 
with Theta 95. The Spearman’s rho correlation was 0.873, significant (2-tailed) at the 0.01 level. For 
1994, 21 surgeons out of 139 were located on the best practice frontier and received a DEA efficiency 
score of 1.000. In 1995, 22 surgeons out of 139 were located on the best practice frontier.

For each of the 116 surgeons in the study population for 2003-2004, two DEA efficiency scores 
were obtained: one for 2003 and one for 2004. Once again, the DEA model for CABG production was 
composed of two inputs (days of stay and ancillary/other charges) and four outputs (low severity DRG 
107 cases, high severity DRG 107 cases, low severity DRG 109 cases, and high severity DRG 109 
cases). The 2003 efficiency scores (Theta03) were compared to the 2004 efficiency scores (Theta04). 
The average Theta03 score was 0.825 (standard deviation = 0.12), while the average Theta04 score 
was 0.830 (standard deviation = 0.12). As anticipated, Theta03 turned out to be highly correlated 
with Theta04. The Spearman’s rho correlation was 0.680, significant (2-tailed) at the 0.01 level. For 
2003, 19 surgeons out of 116 were located on the best practice frontier and received a DEA efficiency 
score of 1.000. In 2004, 19 out of 116 surgeons were located on the best practice frontier.

Multivariate Analysis of Surgeon Efficiency
A matrix of Pearson correlations among the explanatory and control variables included in the 
multivariate analysis of surgeon efficiency for 1994-1995 is below (Table 3). The percentage of 
patients in HMOs (PCTHMO) was significantly correlated with the average age of the patient caseload 
(AVGAGE) and the percentage of patients who are white (PCTWHT). The negative correlation 
between PCTHMO and AVGAGE is as expected since HMOs tend to enroll younger populations. 

Table 3. Pearson correlations among factors affecting surgeon efficiency 1994-1995
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The negative correlation between PCTHMO and PCTWHT likely indicates that non-white residents 
of Pennsylvania tend to be located in larger metropolitan areas where HMOs are more prevalent. 
PCTHMO also significantly correlates positively with teaching hospital status (TEACH). This 
relationship is unsurprising as HMOs are more likely to operate in larger metropolitan areas, where 
teaching hospitals tend to be located.

A matrix of Pearson correlations among the explanatory and control variables included in the 
multivariate analysis of surgeon efficiency for 2003-2004 is below (Table 4). We again observe 
a significant correlation (positive) between the surgeon’s total open-heart surgeries performed 
(OPHTOT) and (HMIX), which represents the percentage of all admissions at the surgeon’s primary 
hospital that were open-heart surgery admissions. Again, such a correlation is expected as greater 
open heart surgery volume at the physician level will likely lead to greater focus on such surgeries 
at the hospital level. The correlation between AVGAGE and YRSPRA suggests that older surgeons 
treat relatively older patients.

Tobit Regression of Surgeon Inefficiency Scores
As outlined above, transformed DEA efficiency scores11 for the 139 CABG surgeons in 1994-1995 
were evaluated as the dependent variable in a Tobit regression with the ten control and explanatory 
variables. These DEA scores were based on the two years of CABG data aggregated into a joint 
database. The empirical results for the Tobit model are below (Table 5).

Considering the results in Table 5, it is essential to remember that inefficiency scores are regressed 
in the Tobit estimation. Therefore, the signs of all the coefficients are reversed regarding the hypotheses 
on factors explaining variations in clinical efficiency. A positive sign on a coefficient indicates an 
association with inefficiency, while a negative sign indicates an association with efficiency.

First, we observe that the constant is not significant at the 5% level, while the chi-square statistic 
is significant at the 1% level. Thus, the set of independent variables explains a significant amount 
of the variance in the dependent variable. Of the four case-mix variables (AVGAGE, PCTMALE, 
PCTWHT, and PCTHMO), only PCTHMO is statistically significant. This indicates that the severity 
adjustment built into the 2-input, 4-output clinical production model largely compensates for case 
mix differences among surgeons’ CABG caseloads. Higher efficiency among surgeons with greater 

Table 4. Pearson correlations among factors affecting surgeon efficiency 2003-2004
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proportions of patients enrolled in HMOs may reflect the influence of incentives managed care plans 
use to promote more efficient service delivery.

Two explanatory variables (CME and HMIX) are statistically significant. The CME variable, 
indicating the annual completion of 50+ hours of continuing medical education, is associated with 
higher efficiency (negative coefficient). Surgeons making greater efforts to keep up with development 
in clinical practice may be using more efficient methods. Lastly, the HMIX variable demonstrates 
that higher clinical efficiency in producing CABGs is associated with surgeons using hospitals where 
open heart surgeries represent a greater portion of all admissions.

In the current study, we wanted to apply the same Tobit model to the 2003-2004 data used in the 
earlier research with the 1994-1995 data. Once again, transformed DEA efficiency scores12 for the 
116 CABG surgeons in 2003-2004 were evaluated as the dependent variable in a Tobit regression 
with the ten control and explanatory variables. These DEA scores were based on the two years of 
CABG data for 2003-2004 aggregated into a joint database. Table 6 presents the empirical results 
for this Tobit model.

The Tobit results for 2003-2004 are presented below (Table 6). In contrast to the earlier 1994-
1995 period, the variables CME and PCTHMO are no longer statistically significant. The percentage 
of Pennsylvania CABG surgeons holding an AMA’s Physician Recognition Award for completing at 
least 50 hours of continuing medical education annually was much lower (10%) in 2003-2004 than in 
1994-1995 (50%), and this likely explains why this surgeon characteristic is no longer has a significant 
association with higher efficiency. In contrast, the average surgeon’s patients were more likely to be 
enrolled in an HMO in 2003-2004 than in 1994-1995, with 31% of patients vs. 10%. It may be that 
in 1994-1995, the still relatively novel incentives toward efficient care practices fostered by managed 
care (especially HMOs) had a much more substantial impact on some surgeons and hospitals than 
others where HMO enrollment was small or non-existent. In the later 2003-2004 period, the entire 
state had much more exposure and experience with managed care arrangements, which may account 
for the fact that PCTHMO no longer has a statistically significant association with efficient practice. 

Table 5. Estimation results for the tobit model of surgeon efficiency 1994-1995
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Alternatively, the “managed care backlash” may have blunted the influence of managed care plans on 
clinical practices in the current century. Surgeons with more female patients are strongly associated 
with more efficient performance. This result indicates that some aspects of case-mix differences 
among surgeons is not fully controlled by the severity adjustment built into the DEA model. However, 
the remaining case mix control variables were not statistically significant.

Most notably, in the Tobit results for 2003-2004, we see the HMIX variable having the strongest 
association with higher efficiency of surgeons. Surgeons are more efficient in performing CABGs 
when their primary hospital has open-heart surgeries, representing a more significant product line 
relative to overall admissions. Presumably, these facilities have assembled specific personnel and 
protocols to provide more efficient cardiac care over time.

The median family income for the CBSAs in which surgeons perform CABGs ranges from $43,900 
to $66,300, with an average of $60,940.52. Most CABG surgeons (66%) had a primary hospital in 
2003-04 that used hospitalist physicians. Regarding physicians on salary in CABG surgeons’ primary 
hospitals, an average of 2% of hospital employees are physicians, ranging from 0% to 19%.

We can see that the additional variables SALMDPCT and HSPTL have no significant correlations 
with the other variables (Table 7). The median family income variable (MEDINC) negatively correlates 
with the HMIX and HOSPCT variables. A given surgeon may be likelier to perform CABGs at more 
hospitals in more resource-rich (higher income) areas. In addition, higher-income areas tend to have 
higher healthcare utilization, where CABGs would likely be a smaller portion of hospital admissions 
(i.e., lower values of HMIX). The results of the expanded Tobit model of CABG surgeon efficiency 
are below (Table 8).

Two of the control variables, PCTWHT and MEDINC, are statistically significant. Surgeons 
with a higher percentage of white patients were associated with more efficient performance in CABG 
surgeries. This result may reflect some residual case-mix variation or perhaps some underlying social 
determinants. Surgeons practicing in areas with higher median family incomes were likelier to be 
less efficient. This result may reflect some regional cost variations not fully adjusted for by applying 
hospital-specific cost-to-charge ratios or be evidence of more resource-intensive practice styles in 

Table 6. Estimation results for the tobit model of surgeon efficiency 2003-2004
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relatively wealthier areas of Pennsylvania. None of the remaining factors (use of hospitalists, total 
volume of open-heart surgeries performed by the surgeon, percentage of CABG surgeries performed 
at the surgeon’s primary hospital) had a statistically significant relationship to higher efficiency 
among CABG surgeons.

HMIX is once again a statistically significant factor, as it was in the 1994-1995 surgeon-level 
analysis and the previous 2003-2004 Tobit model. More efficient CABG surgeons are associated with 
having a primary hospital where open-heart surgeries are a higher percentage of overall admissions. 
The new variable SALMDPCT is also a statistically significant factor, with the expected association 

Table 7. Pearson correlations among factors affecting surgeon efficiency 2003-2004

Table 8. Estimation results for the expanded tobit model of surgeon efficiency 2003-2004
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with more efficient surgery. CABG surgeons tend to be more efficient when associated with a primary 
hospital where a more significant proportion of salaried employees are physicians.

Summary of Findings for Study Hypotheses

H1: Controlling for case mix, cardiac surgeons, and cardiac surgery units with higher volumes of 
CABGs will be more efficient.

This hypothesis is not supported. For the Tobit regressions of DEA efficiency scores, the surgeon’s 
total open-heart surgeries performed (OPHTOT) was not a statistically significant factor associated 
with efficiency for either the 1994-95 period or the 2003-04 period (see Table 5 and Table 6).

H2: Controlling for case mix, cardiac surgeons with more years of experience will be more efficient.

This hypothesis is not supported. For the Tobit regressions of DEA efficiency scores, the 
surgeon’s years since graduation from medical school (YRSPRA) was not a statistically significant 
factor associated with efficiency for either the 1994-95 period or the 2003-04 period (see Table 5 
and Table 6).

H3: Controlling for case mix, cardiac surgeons who complete more than 50 hours of continuing 
medical education will be more efficient.

This hypothesis is supported. For the Tobit regressions of DEA efficiency scores, 
completing more than 50 hours of CME annually (CME) was a statistically significant factor 
associated with greater efficiency for the 1994-95 period but not for the 2003-04 period (see 
Table 5 and Table 6).

H4: Controlling for case mix, cardiac surgeons, and cardiac surgery units treating a greater proportion 
of HMO patients will be more efficient.

This hypothesis is partially supported. For the Tobit regressions of DEA efficiency scores, 
the percentage of patients treated by each surgeon that are insured through a health maintenance 
organization (PCTHMO) was a statistically significant factor associated with greater efficiency for 
the 1994-95 period but not for the 2003-04 period (see Table 5 and Table 6).

H5: Controlling for case mix, cardiac surgeons practicing in hospitals that specialize or focus on 
open heart surgeries in relation to other admissions will be more efficient.

This hypothesis is supported. For the Tobit regressions of DEA efficiency scores, practicing in 
hospitals that specialize or focus on open heart surgeries concerning other admissions (HMIX) was 
a statistically significant factor associated with greater efficiency of surgeons for both the 1994-95 
period and the 2003-04 period (see Table 5, Table 6, and Table 8).

H6: Controlling for case mix, cardiac surgery units that focus on open heart surgeries in relation to 
other admissions will be more efficient.

This hypothesis was not tested in the surgeon-level analyses.
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H7: Controlling for case mix, cardiac surgeons who concentrate more on the CABG procedures they 
perform at a single facility will be more efficient.

This hypothesis is not supported. Measured via the HOSPCT variable, concentrating more on the 
CABG procedures performed at a single facility was not a statistically significant factor associated 
with the efficiency of surgeons for both the 1994-95 period and the 2003-04 period (see Table 5, 
Table 6, and Table 8).

H8: Controlling for case mix, cardiac surgeons who perform CABG procedures in teaching hospitals 
will be less efficient.

This hypothesis is not supported. Measured via the TEACH variable, the primary hospital for 
a surgeon’s CABG procedures being a teaching hospital was not a statistically significant factor 
associated with the efficiency of surgeons for both the 1994-95 period and the 2003-04 period (see 
Table 5, Table 6, and Table 8).

H9: Controlling for case mix, cardiac surgeons whose primary hospital for CABG procedures has a 
greater percentage of physicians among total salaried employees will be more efficient.

This hypothesis is supported. Measured via the SALMDPCT variable, the primary hospital 
for a surgeon’s CABG procedures with physicians representing a greater percentage of all salaried 
employees was a statistically significant factor associated with greater efficiency of surgeons for the 
2003-04 period (see Table 8).

H10: Controlling for case mix, cardiac surgeons whose primary hospital utilizes hospitalist physicians 
to treat inpatients will be more efficient.

This hypothesis is not supported. Measured via the HSPTL variable, the primary hospital for a 
surgeon’s CABG procedures being a hospital utilizing hospitalist physicians for the care of inpatients, 
was not a statistically significant factor associated with the efficiency of surgeons for the 2003-04 
period (see Table 8).

Identification of High Efficiency, High Effectiveness (Low 
Mortality, Low Readmission Rates) Surgeons
Difficulty in judging the service quality of healthcare providers delivering complex clinical services 
is widely acknowledged (Azam et al., 2017; Mandal, 2022), but information such as the identification 
of high-efficiency, high-effectiveness providers as outlined here can yield valuable information for 
purchasers of clinical services such as private or public health insurance schemes and facilitate the 
providers in distinguishing themselves from competitors.

As described above, DEA efficiency scores were obtained for the 116 surgeons using all CABG 
surgeries performed in 2003 and 2004, where the patient was discharged home. The average efficiency 
score obtained was 0.83, with a standard deviation of 0.11, and the median score was 0.82. The 
minimum score was 0.53, and the maximum score was 1.0, which indicates that the surgeon was 
located on the production frontier. Sixteen surgeons had scores equal to 1.0. Surgeons with clinical 
efficiency scores above the 75th percentile were classified as high-efficiency surgeons, while those 
below the median were classified as low-efficiency surgeons.

This study developed DEA clinical effectiveness scores to complement the efficiency estimates 
by finding a quality-outcome frontier. For this application, a one-input, two-output model was used. 
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The single input was the total quantity of CABG procedures, and the two outputs were (1) the total 
quantity of CABG patients minus the inpatient CABG mortality rates plus the 30-day post-discharge 
mortality rate and (2) the total number of patients who were not readmitted 30-days later (i.e., 30-day 
readmission rates).13

The average effectiveness score for each surgeon was then the average of the three rates (inpatient 
mortality, 30-day mortality, and 30-day readmission), subtracted from 1. The average effectiveness 
score per surgeon was 0.98 for all CABG procedures, and the standard deviation was 0.01. The 
minimum clinical effectiveness score was 0.92, and the maximum effectiveness score was 1. Twelve 
surgeons had scores equal to 1. The median effectiveness rate was .99. Surgeons with mortality rates 
above the 75th percentile were classified as highly effective surgeons, while those below the 75th 
percentile were classified as less effective surgeons.

The two-dimensional array of surgeon performance, efficiency, and effectiveness are presented 
below (Figure 3). Of particular interest are the eight surgeons in Region I, who display high efficiency 
and higher effectiveness (low mortality/readmission). This region had an average efficiency and 
effectiveness score of 0.98 and 0.98, respectively. By comparison, the 62 surgeons located in Region 
III had an average DEA score of 0.782 and an average effectiveness score of 0.977. The surgeons 
located in Region I could serve as potential role models for clinical improvement efforts.

dISCUSSIoN

The results in this report provide an exploration of physician clinical efficiency for CABG surgeries 
and no other procedures. Subject to the focus on CABGs, the following findings and insights 
are summarized from the analysis. First, the DEA models (measuring overall technical and scale 
efficiency partitioned by severity) identified many inefficient surgeons and hospitals. Regardless 
of the period studied, relatively few surgeons were found to be on the best-practicing production 
frontier (DEA efficiency score = 1). The amount of slack associated with these less efficient CABG 
surgeons is consistent with a hypothesis that a substantial amount of money could be saved if the 
majority of physicians could practice closer to every physician were as good as the most efficient or 
best-practicing physician (see Chilingerian 1989; Chilingerian, 1995; Thurow,1985). If physicians 
(and hospitals) could use this information to adjust their “style of practice,” real clinical efficiency 
improvements could result.

Figure 3. Surgeon’s performance reflected on clinical effectiveness and clinical efficiency
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Our examination of the consistency of DEA efficiency estimates for surgeons and hospitals 
yielded encouraging results. Since the actual clinical efficiency of surgeons or hospitals is unlikely 
to vary significantly over two consecutive years, we expected DEA efficiency scores in Year 2 to be 
closely linked to DEA efficiency scores in Year 1, as long as “noisy” data does not seriously threaten 
the consistency of DEA estimates. For example, it turned out that surgeons’ DEA scores in 1994 were 
highly correlated with these surgeons’ DEA scores in 1995. In addition, receiving a DEA efficiency 
score of 1.0 in 1994 was found via chi-square testing to be a significant predictor of receiving a DEA 
efficiency score of 1.0 in the following year (1995). Eighteen of the 21 surgeons with DEA scores 
of 1.0 in 1994 also had a DEA score of 1.0 in 1995. The surgeons’ DEA scores for 2003 and 2004 
yielded similar results that indicate the consistency of DEA scores in consecutive years. Although 
there are alternative hypotheses, it is reasonable to propose that DEA scores are stable yearly.

To the best of our knowledge, our research represents the only healthcare analyses to specifically 
examine and demonstrate the consistency and stability of DEA efficiency score across consecutive 
years at the physician level. Examining the surgeons’ performance, our results demonstrate a strong 
relationship between performance in one year and the following year.

One question that must be addressed in all performance studies is whether the models are 
muddling output differences with differences in efficiency. Using DEA in a multi-factor Tobit helps 
clarify what is going on. From the Tobit regression results for the 139 surgeons over the 24 months 
1994-1995, among the four case-mix variables (AVGAGE, PCTFMALE, PCTWHT, and PCTHMO), 
only the percentage of a surgeon’s patients insured through HMOs showed a statistically significant 
(positive) relationship to surgeon efficiency. This indicates that the severity adjustment built into 
the 2-input, 4-output clinical production model largely compensated for case mix differences among 
surgeons’ CABG caseloads.

Looking at the Tobit regression results for the 116 surgeons in 2003-2004, the percentage of a 
surgeon’s female patients had a statistically significant (positive) relationship to surgeon efficiency. 
AVGAGE, PCTWHT, and PCTHMO were not statistically significant. However, as shown in Table 
8, for the Tobit regression that included the median family income (MEDINC) in a surgeon’s practice 
locale as an environmental control variable, AVGAGE, PCTFMALE, and PCTHMO did not have a 
statistically significant association with surgeon efficiency. The percentage of surgeon’s patients who 
were white did show a statistically significant (positive) relationship to surgeon efficiency.

Given, then, that patient case-mix differences are not the primary drivers of differences in clinical 
efficiency among surgeons; we considered surgeon and hospital characteristics in our Tobit regression 
results that have significant associations with surgeon efficiency. For the 1994-1995 period, surgeons 
who completed 50+ hours of continuing medical education annually (CME) were more efficient, as 
were surgeons with a primary hospital where open heart surgeries represented a greater proportion of 
total admissions (HMIX). Repeating the surgeon-level analysis for the 2003-2004 period, the CME 
variable no longer had a statistically significant association with surgeon efficiency, but HMIX still 
had a strongly positive association with efficiency (see Tables 6 and 8).

The sustained significance of the HMIX variable demonstrates that higher clinical efficiency in 
producing CABGs is associated with surgeons using hospitals where open heart surgeries represent 
a greater portion of all admissions. Hospitals have unique combinations of clinical professionals’ 
skills and delivery capabilities. A hospital’s cardiac surgery capability depends on the co-alignment 
of knowledge, service activities, equipment, and professionals. While each resource, such as the 
operating rooms, intensive care units, scrub nurses, cardiac surgeons, surgical tools, and equipment, 
is costly, their value depends on organizing and integrating tangible and intangible resources to 
create a highly productive activity. Physicians practicing in hospitals that are more heavily focused on 
cardiac surgeries increased their likelihood of being efficient under all conditions tested, irrespective 
of patient illness characteristics. While the thrust of this finding emphasizes the potentially important 
role that a more focused strategy could have in inefficient care and cost containment, further research 
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is needed to learn about the difference in operating strategies and capabilities hospitals with a higher 
proportion of cardiac admissions develop.

Lastly, our expanded Tobit regression analysis for surgeons in 2003-2004 identified an 
additional factor in clinical efficiency – the percentage of hospital FTEs that were salaried physicians 
(SALMDPCT). Greater clinical efficiency was significantly associated with higher values of 
SALMDPCT (see Table 8). In other words, CABG surgeons tend to be more efficient when associated 
with a primary hospital where a greater proportion of salaried employees are physicians. Such hospitals 
presumably enjoy a greater alignment between the institution and physicians.

These findings suggest surgeons and surgical units can develop internal capabilities involving key 
choices. The time-honored “managerial” strategy of focusing on a more limited set of procedures (in 
this case, CABGs) may improve efficiency. Alternatively, since it may not be easy to turn away some 
hospital cases, hospitals with a higher than average number of CABGs in relation to other admissions 
specialize and become more efficient. Alignment between a hospital and the physicians practicing 
within it may also be a crucial capability, and having more physicians as salaried employees indicates 
stronger alignment. Hospitals may well have an interest in attracting and retaining more efficient 
surgeons. These factors associated with clinical performance are under a clinical department’s control.

According to the strategy literature (for the earliest references, see Hamel and Prahalad, 1994), 
an organization’s advantage requires mobilizing and “leveraging” resources and capabilities in several 
ways. Organizations can concentrate (or focus) resources, accumulate resources, conserve resources, 
and recover resources.

The resources employed by hospitals comprise the strengths and weaknesses of the organization. 
For example, the performance of cardiac surgeons depends on the surgeon’s ability (knowledge, skills, 
and experience) and the capability of the hospital organization (amount invested in cardiac surgery, 
team skills, nursing skills, etc.) in which they perform the cardiac surgery. Though hospitals have 
unique combinations of clinician skills, team skills, and delivery capabilities, some perform better than 
others. There is some evidence that clinical efficiency may be subject to investing in organizational 
capabilities that arise from operational strategies such as developing open heart surgery as a specialty, 
years of experience, training, and, ultimately, acquiring a cadre of “efficient” surgeons. At a minimum, 
these findings support including some measures of “superior” organizational capabilities, strategic 
focus or product specialization, continuing education, and experience in future work.

Limitations
This retrospective study was intended to illustrate how to understand variations in performance and 
the importance of studying performance at the level of the individual physician. We have observed 
cardiovascular outcomes in one state over a decade to demonstrate how to measure and evaluate 
cardiac surgeon performance. The age of the data would be a severe limitation if our purpose were 
not a demonstration of a methodology. This retrospective study was intended to illustrate how to 
understand variations in performance and the importance of studying performance at the level of the 
individual physician.

Several limitations of this analysis are noted here. First, the study was conducted in only one 
U.S. state, Pennsylvania, employing a sampling rule that only selected physicians with at least 30 
CABG patients each year. It remains to be seen whether adding physicians with smaller caseloads 
(less than 30) to the study would substantially change the results. The research results for CABGs 
may not apply to other surgical or non-surgical admissions.

Another weakness of this study is “site-specific” biases—some factors present in this study may 
not exist in identical intensity or magnitude elsewhere. The technical efficiency measures derived in 
this study are relative to the best practices observed among the physicians and hospitals for cardiac 
surgery in Pennsylvania, and not to the best clinical practices that might have been observed if the 
sample included physicians from hospitals throughout the U.S.
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Finally, this study’s results depend on the choice of inputs and outputs, and how DEA measures 
efficiency. A thorny issue is the comparability of DEA scores obtained from different DEA’s 
comparison groups. Is a physician from comparison group 1 with a score of 90% more efficient 
than a physician from group 2 with a score of 80%? The DEA scores are based on actual achieved 
performance by members within a group studied, but the scores are relative to the sample under 
evaluation. There are also issues around estimating savings using DEA. Only further research with 
current data will determine whether or not DEA is producing clinically meaningful information.

Challenges
Health policymakers in countries around the globe are searching for ways to improve the performance 
of health systems. The drive for performance has spawned policies and innovations such as high-value 
health care, accountable care organizations, world-class commissioning, value-based purchasing, and 
pay-for-performance. The idea of holding physicians, nurses, allied health professionals, and clinical 
managers accountable for clinical outcomes, patient safety, patient experience, patient satisfaction, 
and clinical efficiency is what underlies all of these programs.

Why do policy makers want to create more accountable health care organizations? First, there 
is growing evidence that quality and efficiency vary widely among clinicians and allied health 
professionals. Second, while demands for safe and acceptable quality and better access to health care 
once justified investment and cost escalation, current budget restrictions refocus attention on clinical 
efficiency and cost-effective care goals.

Improving the quality and efficiency of care delivered requires measuring and comparing clinical 
performance and operational improvement of the clinics delivering services. Much attention centers 
on managerial control systems that provide information to help clinical departments monitor, profile, 
and compare clinical care and treatment, relying on audits and reviews to ensure that health care 
is neither over-utilized nor under-utilized. The question is—are there better ways to measure and 
evaluate clinical practice patterns?

As a tool to establish accountable care, DEA finds the top performers and estimates a relative 
performance score for the rest of the units. More than measuring and evaluating relative performance, 
the methodology also identifies which top performers offer the most realistic benchmarks for a unit. 
The method estimates what needs to change to improve performance by pinpointing the clinical 
inputs being used excessively or projecting how many more patients could be treated if the clinicians 
operated as well as the top performers. Consequently, the information provides benchmarks to guide 
performance conversations.

Understanding physician decision-making and the resulting variations in the production of hospital 
clinical services is important for improving hospital performance and combating rising hospital costs. 
This analysis offers one management science technique that might illuminate the healthcare crisis. 
While this early work has been promising, physicians at most hospitals will probably be reluctant to 
be studied at such a close level because it threatens their autonomy. Researchers interested in physician 
behavior will find many physicians willing to endorse research efforts on clinical outcomes, patient 
compliance, and medical efficacy, but few will tolerate studies of their decision-making efficiency. 
Therefore, researchers and management scientists must help managers use efficiency studies to learn 
about these very complex clinical production characteristics and not to reward or punish physicians, 
until we are certain what we are really finding.

This paper has identified a novel way to analyze clinical performance and offers several significant 
findings about potential connections between resource utilization and organizational capabilities. 
The resources employed by hospitals comprise the strengths and weaknesses of the organization. For 
example, cardiac surgeons’s performance depends on their ability (knowledge, skills, and experience) 
and the capability of the hospital organization (such as the amount invested in cardiac surgery, team 
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skills, and nursing skills) in which they perform cardiac surgery. Though hospitals have unique 
combinations of clinician skills, team skills, and delivery capabilities, some perform better than others.

We offer some evidence that clinical efficiency may be subject to investing in organizational 
capabilities that arise from operational strategies such as developing open heart surgery as a specialty, 
years of experience, training, and, ultimately, acquiring a cadre of “efficient” surgeons. At a minimum, 
these findings support including measures of “superior” organizational capabilities, strategic focus 
or product specialization, continuing education, and experience in future work.
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ENdNoTES

1  Healthcare performance often involves mixing non-commensurate information, or physical quantities with 
different units. For example, clinical services can be measured in monetary units, full time equivalents 
staff, lengths-of-stay, nursing units, minutes in the operating room, number of lab tests or junior registrar 
visits. Although these are physical quantities with different units, DEA can combine them in a consistent 
way.

2  It is also possible that physicians who admit too many patients may spend less time with each patient and 
physicians could become more inefficient with very high volumes.

3  SALMDPCT and HSPTL are from the 2004 AHA Annual Survey of Hospitals.
4  DRG 106 is for CABG with catheterization and DRG 107 is for CABG without catheterization. By 

2003, however, DRG 107 was used for CABG with catheterization and DRG 109 for CABG without 
catheterization.

5  Since 1994 and 1995 Medicare Cost Report data were unavailable, the 1996 cost-to-charge ratios for each 
Pennsylvania hospital were used for these years.

6  The PAHC4 data base was the source of all control variables.
7  The sources for the explanatory variables were the PAHC4 data base (OPHTOT and HOSPCT), the AMA 

data base (YRSPRA and CME), and the AHA data base (TEACH). The HMIX variable was constructed 
from PAHC4 and AHA data.
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11  Transformation: Inefficiency score = (1/θ) – 1, where θ = DEA efficiency score.
12  Transformation: Inefficiency score = (1/θ) – 1, where θ = DEA efficiency score.
13  Mortality rates were not adjusted for patient severity. CABG inpatient mortality rates for each surgeon were 

obtained by dividing the number of CABG patients with discharge status of expired by the total number 
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