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Abstract

Background—We have established an evaluation system for measuring physician performance. 

We aimed to determine whether initial evaluation with surgeon feedback improved subsequent 

performance.

Methods—After evaluation of the initial cohort of procedures (2004-2008), surgeons were given 

risk-adjusted individual feedback. Procedures in the post-feedback cohort (2009-2010) were then 

assessed. Both groups were further stratified into high- and low-acuity procedures (HAPs and 

LAPs, respectively). Negative performance measures included length of peri-operative stay longer 

than 2 days for LAPs and 11 days for HAPs, peri-operative blood transfusion, return to the 

operating room within 7 days and readmission, surgical site infection, and mortality within 30 

days.

Results—There were 2618 procedures in the initial cohort and 1389 procedures in the post-

feedback cohort. Factors affecting performance included surgeon, procedure acuity, and patient 

co-morbidities. There were no significant differences in the proportion of LAPs and HAPs or in 

the prevalence of patient co-morbidities between the 2 assessment periods. Mean length of stay 

significantly decreased for LAPs from 2.1 to 1.5 days (p=0.005) and for HAPs from 10.5 to 7 days 

(p=0.003). The incidence of having one or more negative performance indicators decreased 

significantly for LAPs from 39.1% to 28.6% (p<0.001) and trended down for HAPs from 60.9% to 

53.5% (p=.081).

Conclusions—Periodic assessment of performance and outcomes are essential to continual 

quality improvement. Significant decreases in length of stay and negative performance indicators 

were seen after feedback. We conclude that an audit and feedback system may be an effective 

means of improving quality of care as well as reducing practice variability within a surgical 

department.
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Introduction

Over the past 2 decades, healthcare reform has become a national priority, largely spurred 

by reports from the Institute of Medicine (IOM) emphasizing the need to optimize 

healthcare quality.1,2 To achieve this, the IOM proposed 6 aims: to improve healthcare 

timeliness, effectiveness, safety, efficiency, patient-centeredness, and equity of delivery. 

Specifically, priority should be placed on care with proven benefit, and ineffective practices 

should be limited.1 This emphasis on identifying and implementing best practices has laid 

the foundation for the development of metrics indicating the quality of patient care and 

hospital and physician performance. Value in health care delivery is defined as the outcome 

achieved per unit cost. Enhanced value is achieved when the desired outcome is realized at 

the lowest cost. Value-based purchasing aligns the goal of seeking care from providers that 

achieve quality outcomes at the lowest cost.

Performance metrics are now being integrated into pay-for-performance programs, including 

the Affordable Care Act, with the intent of improving the value of healthcare. There are 

concerns, however, about the durability of the impact that such financial incentives will have 

on quality improvement.3,4 Other approaches to healthcare quality improvement include 

audit and feedback programs, and workflow and process improvement.

Surgical performance indicators have largely relied on risk-adjusted mortality rates.5-7 The 

American College of Surgeons' National Surgical Quality Improvement Program has 

expanded these metrics, making them applicable to general surgical procedures on 

institutional and national levels.8,9 By providing institutional outcomes in the context of 

national standings, this program has stimulated significant quality improvement.9,10

We have previously reported on the program we developed for evaluating surgical 

performance indicators at an individual and departmental level. Having found that these 

metrics were significantly associated with the acuity of the procedure, patient comorbidities, 

and the operative surgeon, we provided feedback to each surgeon in the context of 

anonymized departmental data. We then collected and analyzed our surgical outcome data 

for the 2 years following these feedback sessions to determine whether an audit and 

feedback system is an effective means of motivating surgical quality improvement.

Methods

We previously reported specific outcomes for surgical procedures performed by faculty in 

the Department of Head and Neck Surgery at the University of Texas MD Anderson Cancer 

Center between 2004 and 2008.11 Collected metrics included length of stay (LOS), peri-

operative blood product utilization, return to the operating room within 7 days of the index 
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procedure, and 30-day rates of mortality, hospital re-admission, and surgical site infection. 

The data sources utilized were previously detailed.11

Data were risk-adjusted by procedure acuity and patient comorbidity. Procedures were 

classified by acuity; high-acuity procedures (HAPs) were tumor extirpations requiring 

pedicled or free flap reconstruction, whereas low-acuity procedures (LAPs) included 

outpatient surgeries or those normally requiring an observational hospital stay. Collected 

comorbidities included diabetes, cardiovascular disease, history of congestive heart failure, 

emphysema, liver disease, and renal disease.

Performance indicators were the same between HAPs and LAPs except as they pertained to 

LOS and blood transfusions. LAPs were evaluated for LOS less than 2 days and 2 or more 

days, whereas HAPs were evaluated for LOS less than 11 days or 11 or more days. LAPs 

were evaluated for blood product use of one or fewer units of packed red blood cells 

(PRBCs) and greater than 1 unit, and HAPs were evaluated for requiring 2 or fewer units of 

PRBCs and greater than 2 units.

Findings from this previous report indicated that the presence of negative performance 

indicators was significantly associated with procedure acuity, patient comorbidity, and 

operative surgeon. Each surgeon was presented with his/her individual results in the context 

of the department as a whole and with other department faculty anonymized. Results were 

discussed with the senior author (RSW) on an individual basis in a private setting.

To evaluate whether this audit and feedback intervention affected surgical performance, this 

study was then repeated, evaluating surgical procedures within the department between 2009 

and 2010 as post-feedback cohort for comparison to the initial cohort. One difference in 

methodology involved blood transfusion data; we were no longer able to access the units of 

PRBCs transfused intra-operatively and relied on medical record review. Because of this 

change in data source, the period of perioperative transfusion was extended from the 

previous study to 24 hours (day of surgery) in this study.

The study included all patients identified whose surgical treatment and recorded information 

met the criteria described above. Descriptive statistics for scaled values and frequencies of 

study patients within the categories for each of the parameters of interest were enumerated 

with the assistance of commercial statistical software. Cut-off values for scaled values as 

possible negative performance indicators were set at the upper quartile of values for the 

cases in a given category. Possible differences between groups for scaled parameters were 

assessed by one-way ANOVA followed by the Tukey HSD for unequal N posthoc test for 

pairwise multivariate analysis. Correlations between categorical parameters were be 

assessed by Pearson's Chi-square test or, where there are fewer than ten subjects in any cell 

of a 2 × 2 grid, by the two-tailed Fisher exact test. Univariate and multivariate models were 

assessed by logistic regression analysis as appropriate. Statistical significance for all tests 

was defined as p less than 0.05. The statistical calculations were performed with the 

assistance of the Statistica (StatSoft, Inc., Tulsa, OK, www.statsoft.com) and SPSS (IBM 

SPSS, IBM Corporation, Somers, NY) statistical software applications.
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In order to adjust changes in performance indicators by changes in a surgeon's patient 

population co-morbidities, we developed a model using observed to expected (O/E) ratios. 

Observed individual surgeon scores were calculated independently for LAPs and HAPs by 

dividing the percent of cases experiencing negative indicators by the percent of patients with 

comorbidities (NIinitial/Cinitial); these scores represents the prevalence of negative indicators 

(NI) per comorbidities (C). This score from the original cohort was used as a baseline score 

to generate the expected score for the post feedback cohort in the following way:

This was then compared to the observed score for the post-feedback cohort (NIpost-feedback/ 

Cpost-feedback) by generating an O/E ratio. Ratios less than 1 indicate that the surgeon 

improved in the post-feedback cohort by having fewer negative indicators than would have 

been predicted based on the change in comorbidity prevalence; ratios greater than 1 indicate 

that performance declined.

Results

A total of 4007 procedures were evaluated; 2618 in the initial cohort and 1389 in the post-

feedback cohort (Table 1). There was no significant difference in the distribution of low and 

high-acuity cases between the two time periods, with LAPs accounting for 85.3% of cases in 

the initial cohort and 85.5% of surgeries in the post-feedback cohort (p=0.925). The initial 

and post-feedback cohorts were likewise balanced with respect to patient comorbidities, 

with no significant differences noted in the prevalence of patients with ≥1 or ≥2 

comorbidities (p=0.765 and p=0.241 respectively, Table 2). Physician performance relative 

to case volume did not reveal a statistically significant association for either LAPs (p=0.570) 

or HAPs (p=0.281).

HAPs were significantly more likely to be associated with negative performance indicators 

when compared to LAPs (Table 3). On multivariate analysis, HAPs demonstrated an OR of 

2.2, (p<0.001) for ≥1 negative quality indicator and an OR of 3.8 (p<0.001) for ≥2 negative 

quality indicators when compared with LAPs. Individual surgeon performance was also 

linked to the presence of negative quality indicators. Surgeons with the highest percentages 

demonstrated an increased rate of negative quality indicators compared to those with the 

lowest percentages (OR=2.6, p<0.001 for ≥1 negative quality indicator and OR of 2.2, 

p<0.001 for ≥2 negative quality indicators; Table 3, Figures 1-2).

As might be expected, with increasing patient morbidity, the prevalence of negative quality 

indicators increased (Table 2). The presence of ≥1 comorbid condition was associated with 

increased odds of having ≥1 negative quality indicator on multivariate analysis (OR 1.432, 

p=0.002), while the presence of ≥2 comorbidities was significantly associated with increased 

odds of both ≥1 and ≥2 negative indicators (OR 1.388, p=0.031 and OR=2.693, p<0.001 

respectively). When comparing the initial and post-feedback cohorts, the initial cohort 

demonstrated increased odds (OR 1.839, p=0.002) for the presence of ≥1 negative quality 

indicator on multivariate analysis.
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When comparing the initial and post-feedback cohorts, a significant reduction in LOS was 

noted in both LAPs and HAPs. In patients undergoing LAPs, the percentage of patients 

exceeding the 2 day LOS threshold was reduced from 37.1% to 26.5% (p=<0.001), while 

patients exceeding the 11 day threshold for HAPs was reduced from 28.1% to 19.8% 

(p=0.028). For HAPs, a reduction in 30-day surgical site infections and 30-day readmission 

rates were noted (14.1% to 8.4%, p=0.046 and 14.2% to 7.4%, p=0.015 respectively), 

although the same reduction was not noted in LAPs. RBC usage above the defined threshold 

was significantly increased in the post-feedback cohorts in both LAPs and HAPs (2.7% to 

5.8%, p<0.001 and 30.2% to 43.1%, p<0.001 respectively), although the change in 

collection of RBC data between cohort intervals clouds interpretation of this data.

The data in figures 1 and 2 facilitate evaluation of changes in performance indicators and of 

changes in the rate of co-morbid conditions, but the relationship between the two is less 

clear. We therefore developed an O/E ratio model in order to adjust performance indicators 

for changes in co-morbidities. Based on the surgeon's original performance, we generated an 

expected score reflective of a surgeon's expected rate of negative performance indicators 

given the changes in the rate of his/her patients' co-morbid conditions. An O/E ratio of less 

than one indicates that the surgeons performed better than expected (fewer negative 

performance indicators per rate of comorbid conditions) and a ratio of greater than one 

indicates that a surgeon performed worse than expected (greater negative performance 

indicators per rate of comorbid conditions). Six of 10 surgeons had improved post-feedback 

performance for LAPs (table 5 and figure 1) and half of surgeons had improved performance 

in the post-feedback cohort for HAPs (table 6 and figure 2). Four surgeons improved in the 

post-feedback cohort for both LAPs and HAPs; the methods of these surgeons can now be 

examined for best practices that can be shared with their colleagues. The range of O/E ratios 

was wider for LAPs than HAPs (0.163-3.016 versus 0.248-1.803); however, these data are 

slight skewed by one surgeon, whose LAP O/E ratio is 3.016. Excluding that surgeon, the 

LAP O/E ratio ranges from 0.163-1.615, which is similar to the range for HAPs.

Discussion

Improving healthcare quality has become a national priority. There are several different 

approaches to quality improvement, including financial incentives for meeting specific 

targets, process and workflow evaluation and interventions, dissemination of information, 

outreach visits, and audit and feedback programs.12,13 We previously evaluated performance 

metrics based on the outcomes of surgical procedures performed by departmental faculty 

and found a significant association between performance indicators and the operative 

surgeon.11 This performance feedback was provided to individual surgeons in the context of 

anonymized departmental data. Having performed a follow-up audit, we have found that this 

program of audit and feedback is effective in improving surgical quality.

Audit and feedback programs mostly target improved compliance with a specific process.14 

Previous studies have not found this method to be consistently effective; the variability of 

impact may derive from a wide variability in study design.14,15 Published reports of audit 

and feedback programs differ based on who performs the audit (e.g., internal or external), 

who provides the feedback (e.g., consultant or supervisor), and what is being measured (e.g., 
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performance or outcomes).12,14,15 Further confounding these issues is that many studies 

include audit and feedback as part of a larger, multi-faceted intervention.12,14

Without a formal audit and feedback program, physicians' self-audits use variable and 

possibly unreliable data sources.16 Previous reviews have identified specific study design 

characteristics that enhance the success of an audit and feedback program. One systematic 

review found that programs were more effective if the level of baseline performance is low, 

the person overseeing the audit and feedback is either a colleague or supervisor, feedback is 

provided more than once in both writing and verbally, and there are clear targets with means 

of achieving them.14 Our intervention, unlike many audit and feedback programs, did not 

have a single target with a specific plan of action. In addition, our baseline performance was 

good. However, the person responsible for overseeing the audit and delivering the feedback 

was a colleague (RSW) and feedback was provided both verbally and in writing. Another 

review that sought to emphasize a model for successful actionable feedback found that 

timely, individualized, non-punitive, and customizable feedback lead to optimized effects on 

performance.15 Our intervention met these criteria.

In evaluating our initial and post-feedback cohorts, we found that the mix of procedure 

acuity and patient comorbidity was not significantly different (p=0.925 and p=0.765, 

respectively; Table 2). Additionally, the individual surgeon, patient comorbidities, and 

procedure acuity all significantly affected the prevalence of negative performance indicators 

in both cohorts. Overall, we found that the post-intervention cohort had a significantly 

shorter mean length of stay for LAPs (p=0.005) and HAPs (p=0.003). The incidence of 

having one or more negative performance indicators decreased significantly for LAPs from 

39.1% to 28.6% (p<0.001) and trended down for HAPs from 60.9% to 53.5% (p=0.081). 

There was no significant difference in the rates of returns to the operating room within 7-

days, or 30-day mortality. Surgical site infections and readmissions were significantly 

reduced in the HAPs (14.1% to 8.4%, p=0.046 and 14.2% to 7.4%, p=0.015 respectively) 

while no significant difference was noted for LAPs. In looking at surgeon-specific 

improvement, we found that 6 of 10 surgeons improved for LAPs and half of surgeons 

improved for HAPs; while this agrees with the net improvement seen departmentally, the 

implications for individual performance are less clear. While temporally these results 

suggest a causal link to our feedback intervention, continued monitoring and feedback 

sessions are needed to confirm this association.

It is possible that surgical faculty, after the feedback sessions, became aware that they were 

being audited and so made changes to improve their performance; this is also called the 

Hawthorne effect.17 Another consideration is that the total period of data collection 

(2004-2010) coincided with a growing national awareness about the importance of such 

performance indicators as length of stay, blood transfusion rate, and re-admission rates.18 

This growing awareness could have manifested not only on an individual level but in 

changes in institutional processes, as well. These potential confounders make it difficult to 

draw a causal relationship between our intervention and subsequent improvements and these 

effects may continue to be present in future cycles of audit and feedback; however, 

performance improvement, independent of exact motivation, only serves to improve the care 

delivered, which is the end goal.
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We are unable to comment on the effect of our audit and feedback program on our rates of 

blood transfusion; unfortunately, the data source for our initial cohort, which provided intra-

operative blood transfusion data, stopped storing these data for our post-feedback cohort. 

Therefore, these data had to be manually collected from the electronic medical record. With 

manual extraction, we could no longer pinpoint intra-operative transfusion and the collection 

period was extended to 24 hours. When we evaluated the rates of blood transfusions in our 2 

cohorts, we found a significant increase in the rates of blood transfusion for both LAPs and 

HAPs in the post-feedback cohort (p<0.001 and p=0.002, respectively), but cannot 

determine whether this increase represents an actual increase in intra-operative blood 

transfusion or a product of an expanded collection timeframe. For future cycles of audit and 

feedback, however, we will be able to use these post-feedback cohort data for comparison. 

Lastly, because the variables we collected were categorical and not continuous, we are 

unable to statistically evaluate for outliers. However, the goal of this project is to motivate 

individual performance improvement by allowing for a comparison between an individual 

and his/her peers; the identification of outliers might be viewed as potentially punitive and 

alienating.

Our audit-and-feedback program was designed and implemented in our department of head 

and neck surgery, but these metrics are not unique to head and neck surgery and may be 

applied to any surgical field; operations may be divided into LAPs and HAPs and these 

metrics applied. Performance metrics are becoming increasingly more important with 

current on-going healthcare reforms, including the Affordable Care Act, implementing pay-

for-performance programs. Most existing pay-for-performance programs incentivize the 

management of chronic medical conditions;3,4 the most common publicly available surgical 

performance metric is peri-operative mortality.5-7 The American College of Surgeons 

National Surgical Quality Improvement Program has made significant progress establishing 

general surgical performance indicators,9,10 but these data are only available on institutional 

and national, but not individual, levels. Our data indicate that the individual surgeon affects 

negative performance indicators, our audit and feedback program caters to surgical 

improvement on an individual level, which is likely where increased transparency and public 

reporting of performance metrics is headed. Our program also maintains the capacity to 

incorporate standardized surgical performance indicators as they are established. 

Noteworthy was the association between negative performance indicators and comorbid 

conditions. This finding may have increasing significance if bundled payment schemes for 

cancer care services become more common. Careful identification and management of 

comorbid conditions will be critical as providers negotiate reimbursement within a payment 

bundle given the increased association between negative outcomes and comorbid conditions.

Conclusion

The recent emphasis by health care reform on performance metrics has mandated the 

development of programs that can measure and track these indicators. We have developed 

an audit and feedback program within our department that shows promise for effecting 

quality improvement, although future cycles of audit and feedback are necessary to support 

a causal link between our intervention and the improvement seen.
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Figure 1. 
Physician performance for low acuity procedures as measured by patient comorbidity and 

the presence of negative indicators for the initial (red) and post-feedback (blue) cohorts. 

Letters represent individual physicians to track changes in performance.
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Figure 2. 
Physician performance for high acuity procedures as measured by patient comorbidity and 

the presence of negative indicators for the initial (red) and post-feedback (blue) cohorts. 

Letters represent individual physicians to track changes in performance.
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Table 1
Procedure Type and Acuity for Each Cohort

Procedure Acuity Initial Cohort (2004-08) Post-Feedback Cohort (2009-10) Total

Low Acuity 2234 (85.3%) 1187(85.5%) 3421

High Acuity 384 (14.7%) 202 (14.5%) 586

Total 2618 1389 4007

Percentages were tallied within each column.
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Table 2
Comparison of case mix and patient comorbidity between initial and post-feedback 
cohorts

Initial Cohort Post-Feedback Cohort p

Low Procedure acuity 2234/2618 (85.3%) 1187/1389 (85.5%) 0.925

≥ 1 Comorbidity 1372/2618 (52.4%) 735/1389 (52.9%) 0.765

≥ 2 Comorbidity 451/2618 (17.2%) 260/1389 (18.7%) 0.241
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Table 3
Factors Affecting the Prevalence of Negative Indicators

Univariate Analysis ≥1 Negative Indicator ≥ 2 Negative Indicators

Factor OR 95% CI p OR 95% CI p

Procedure (High vs. Low Acuity) 2.555 2.137-3.054 < 0.001 4.225 3.364-5.307 < 0.001

Surgeon (Highest vs. Lowest Percentages) 2.396 1.945-2.952 < 0.001 3.686 2.639-5.147 < 0.001

Cohort (Initial vs. Post-Feedback) 1.544 1.347-1.770 < 0.001 0.962 0.774-1.196 0.728

≥1 Comorbid Condition 1.609 1.415-1.830 < 0.001 2.318 1.848-2.907 < 0.001

≥ 2 Comorbid Conditions 1.781 1.512-2.097 < 0.001 2.522 2.006-3.170 < 0.001

Multivariate Logistic Regression ≥1 Negative Indicator ≥ 2 Negative Indicators

Factor OR 95% CI p OR 95% CI p

Procedure (High vs. Low Acuity) 2.214 1.638-2.993 < 0.001 3.834 2.607-5.638 < 0.001

Surgeon (Highest vs. Lowest Percentages) 2.574 2.088-3.173 < 0.001 2.192 1.539-3.121 < 0.001

Cohort (Initial vs. Post-Feedback) 1.839 1.471-2.297 < 0.001 NS NS NS

≥1 Comorbid Condition 1.432 1.14-1.798 0.002 NS NS NS

≥ 2 Comorbid Conditions 1.388 1.03-1.870 0.031 2.693 1.843-3.935 < 0.001
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Table 5

Expected and observed individual surgeon score for low-acuity procedures.

Surgeon
Observed Score Initial 

Cohort
Expected Score Post-

Feedback Cohort
Observed Score Post-

Feedback Cohort Observed: Expected Ratio

A 0.070 0.066 0.211 0.314

B 0.202 0.196 0.135 1.452

C 0.069 0.071 0.091 0.778

D 0.020 0.020 0.125 0.163

E 0.154 0.169 0.056 3.016

F 0.079 0.092 0.093 0.990

G 0.214 0.214 0.175 1.221

H 0.139 0.127 0.371 0.342

I 0.222 0.249 0.283 0.879

J 0.343 0.355 0.220 1.615
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Table 6

Expected and observed individual surgeon score for high-acuity procedures.

Surgeon
Observed Score Initial 

Cohort
Expected Score Post-

Feedback Cohort
Observed Score Post-

Feedback Cohort Observed: Expected Radtio

A 0.445 0.445 0.110 0.248

B 0.357 0.277 0.500 1.803

C 0.499 0.550 0.500 0.910

D 0.360 0.279 0.356 1.275

E 0.571 0.435 0.500 1.148

F 0.312 0.266 0.125 0.470

G 0.172 0.180 0.316 1.758

H 0.295 0.304 0.176 0.579

I 0.486 0.479 0.501 1.046

J 0.750 0.750 0.334 0.445
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