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Hospitalists’ performance is routinely evaluated by 
third-party payers, employers, and patients. As hos-
pitalist programs mature, there is a need to develop 
processes to identify, internally measure, and report 

on individual and group performance. We know from Society 
of Hospital Medicine (SHM) data that a significant amount of 
hospitalists’ total compensation is at least partially based on 
performance. Often this is based at least in part on quality 
data. In 2006, SHM issued a white paper detailing the key ele-
ments of a successful performance monitoring and reporting 
process.1,2 Recommendations included the identification of 
meaningful operational and clinical performance metrics, and 
the ability to monitor and report both group and individual 

metrics was highlighted as an essential component. There is 
evidence that comparison of individual provider performance 
with that of their peers is a necessary element of successful 
provider dashboards.3 Additionally, regular feedback and a 
clear, visual presentation of the data are important compo-
nents of successful provider feedback dashboards.3-6

Much of the literature regarding provider feedback dash-
boards has been based in the outpatient setting. The majority 
of these dashboards focus on the management of chronic ill-
nesses (eg, diabetes and hypertension), rates of preventative 
care services (eg, colonoscopy or mammogram), or avoidance 
of unnecessary care (eg, antibiotics for sinusitis).4,5 Unlike in the 
outpatient setting, in which 1 provider often provides a majori-
ty of the care for a given episode of care, hospitalized patients 
are often cared for by multiple providers, challenging the ap-
propriate attribution of patient-level metrics to specific provid-
ers. Under the standard approach, an entire hospitalization is 
attributed to one physician, generally the attending of record 
for the hospitalization, which may be the admitting provider 
or the discharging provider, depending on the approach used 
by the hospital. However, assigning responsibility for an entire 
hospitalization to a provider who may have only seen the pa-
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BACKGROUND: Individual provider performance drives 
group metrics, and increasingly, individual providers are 
held accountable for these metrics. However, appropriate 
attribution can be challenging, particularly when multiple 
providers care for a single patient.

OBJECTIVE: We sought to develop and operationalize 
individual provider scorecards that fairly attribute 
patient-level metrics, such as length of stay and patient 
satisfaction, to individual hospitalists involved in each 
patient’s care.

DESIGN: Using patients cared for by hospitalists from July 
2010 through June 2014, we linked billing data across 
each hospitalization to assign “ownership” of patient 
care based on the type, timing, and number of charges 
associated with each hospitalization (referred to as 
“provider day weighted”). These metrics were presented 
to providers via a dashboard that was updated quarterly 
with their performance (relative to their peers). For the 
purposes of this article, we compared the method we 
used to the traditional method of attribution, in which an 

entire hospitalization is attributed to 1 provider, based on 
the attending of record as labeled in the administrative 
data. 

RESULTS: Provider performance in the 2 methods was 
concordant 56% to 75% of the time for top half versus 
bottom half performance (which would be expected 
to occur by chance 50% of the time). While provider 
percentile differences between the 2 methods were 
modest for most providers, there were some providers for 
whom the methods yielded dramatically different results 
for 1 or more metrics. 

CONCLUSION: We found potentially meaningful 
discrepancies in how well providers scored (relative to 
their peers) based on the method used for attribution. We 
demonstrate that it is possible to generate meaningful 
provider-level metrics from administrative data by using 
billing data even when multiple providers care for 1 
patient over the course of a hospitalization. Journal of 
Hospital Medicine 2018;13:470-475. Published online first 
December 20, 2017. © 2018 Society of Hospital Medicine
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tient for a small percentage of a hospitalization may jeopardize 
the validity of metrics. As provider metrics are increasingly be-
ing used for compensation, it is important to ensure that the 
method for attribution correctly identifies the providers caring 
for patients. To our knowledge there is no gold standard ap-
proach for attributing metrics to providers when patients are 
cared for by multiple providers, and the standard attending of 
record–based approach may lack face validity in many cases.

We aimed to develop and operationalize a system to more 
fairly attribute patient-level data to individual providers across 
a single hospitalization even when multiple providers cared for 
the patient. We then compared our methodology to the stan-
dard approach, in which the attending of record receives full 
attribution for each metric, to determine the difference on a 
provider level between the two models.

METHODS
Clinical Setting
The Johns Hopkins Hospital is a 1,145-bed, tertiary-care hos-
pital. Over the years of this project, the Johns Hopkins Hos-
pitalist Program was an approximately 20-physician group 
providing care in a variety of settings, including a dedicated 
hospitalist floor, where this metrics program was initiated. 
Hospitalists in this setting work Monday through Friday, with 
1 hospitalist and a moonlighter covering on the weekends. 
Admissions are performed by an admitter, and overnight 
care is provided by a nocturnist. Initially 17 beds, this unit ex-
panded to 24 beds in June 2012. For the purposes of this 
article, we included all general medicine patients admitted 
to this floor between July 1, 2010, and June 30, 2014, who 
were cared for by hospitalists. During this period, all patients 
were inpatients; no patients were admitted under observa-
tion status. All of these patients were cared for by hospitalists 
without housestaff or advanced practitioners. Since 2014, the 
metrics program has been expanded to other hospitalist-run 
services in the hospital, but for simplicity, we have not pre-
sented these more recent data.

Individual Provider Metrics 
Metrics were chosen to reflect institutional quality and efficien-
cy priorities. Our choice of metrics was restricted to those that 
(1) plausibly reflect provider performance, at least in part, and 
(2) could be accessed in electronic form (without any manual 
chart review). Whenever possible, we chose metrics with ob-
jective data. Additionally, because funding for this effort was 
provided by the hospital, we sought to ensure that enough 
of the metrics were related to cost to justify ongoing hospital 
support of the project. SAS 9.2 (SAS Institute Inc, Cary, NC) 
was used to calculate metric weights. Specific metrics includ-
ed American College of Chest Physicians (ACCP)–compliant 
venous thromboembolism (VTE) prophylaxis,7 observed-to-ex-
pected length of stay (LOS) ratio, percentage of discharges per 
day, discharges before 3 pm, depth of coding, patient satisfac-
tion, readmissions, communication with the primary care pro-
vider, and time to signature for discharge summaries (Table 1). 

Appropriate prophylaxis for VTE was calculated by using 

an algorithm embedded within the computerized provid-
er order entry system, which assessed the prescription of  
ACCP-compliant VTE prophylaxis within 24 hours follow-
ing admission. This included a risk assessment, and credit  
was given for no prophylaxis and/or mechanical and/or phar-
macologic prophylaxis per the ACCP guidelines.7

Observed-to-expected LOS was defined by using the Univer-
sity HealthSystem Consortium (UHC; now Vizient Inc) expected 
LOS for the given calendar year. This approach incorporates 
patient diagnoses, demographics, and other administrative 
variables to define an expected LOS for each patient. 

The percent of patients discharged per day was defined from 
billing data as the percentage of a provider’s evaluation and 
management charges that were the final charge of a patient’s 
stay (regardless of whether a discharge day service was coded). 

Discharge prior to 3 pm was defined from administrative data 
as the time a patient was discharged from the electronic med-
ical system.

Depth of coding was defined as the number of coded diag-
noses submitted to the Maryland Health Services Cost Review 
Commission for determining payment and was viewed as an 
indicator of the thoroughness of provider documentation. 

Patient satisfaction was defined at the patient level (for 
those patients who turned in patient satisfaction surveys) as 
the pooled value of the 5 provider questions on the hospital’s 
patient satisfaction survey administered by Press Ganey: “time 
the physician spent with you,” “did the physician show con-
cern for your questions/worries,” “did the physician keep you 
informed,” “friendliness/courtesy of the physician,” and “skill 
of the physician.”8

Readmission rates were defined as same-hospital readmis-
sions divided by the total number of patients discharged by 
a given provider, with exclusions based on the Centers for 
Medicare and Medicaid Services hospital-wide, all-cause re-
admission measure.1 The expected same-hospital readmis-
sion rate was defined for each patient as the observed read-
mission rate in the entire UHC (Vizient) data set for all patients 

TABLE 1. Metricsa

Assigned to the Admitting Provider

   Appropriate VTE prophylaxis

Assigned to the Discharging Provider 

   Percentage of discharges per day

   Readmissions (observed to expected)

   Time to signature for discharge summaries

   Percentage of patients discharged before 3 pm

Provider Day Weighted

   LOS (observed to expected)

   Communication with the primary care physician

   Depth of coding

   Patient satisfaction

aPlease refer to the supplementary Appendix for scales 1 through 9 for each metric.

NOTE: Abbreviations: LOS, length of stay; VTE, venous thromboembolism.
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with the same All Patient Refined Diagnosis Related Group 
and severity of illness, as we have described previously.9 

Communication with the primary care provider was the 
only self-reported metric used. It was based on a mandatory 
prompt on the discharge worksheet in the electronic medical 
record (EMR). Successful communication with the outpatient 
provider was defined as verbal or electronic communication 
by the hospitalist with the outpatient provider. Partial (50%) 
credit was given for providers who attempted but were un-
successful in communicating with the outpatient provider, for 
patients for whom the provider had access to the Johns Hop-
kins EMR system, and for planned admissions without new 
or important information to convey. No credit was given for 
providers who indicated that communication was not indicat-
ed, who indicated that a patient and/or family would update 
the provider, or who indicated that the discharge summary 
would be sufficient.9 Because the discharge worksheet could 
be initiated at any time during the hospitalization, providers 
could document communication with the outpatient provider 
at any point during hospitalization.

Discharge summary turnaround was defined as the average 
number of days elapsed between the day of discharge and the 
signing of the discharge summary in the EMR.

Assigning Ownership of Patients to Individual  
Providers 
Using billing data, we assigned ownership of patient care 
based on the type, timing, and number of charges that oc-
curred during each hospitalization (Figure 1). Eligible charges 
included all history and physical (codes 99221, 99222, and 
99223), subsequent care (codes 99231, 99232, and 99233), and 
discharge charges (codes 99238 and 99239).

By using a unique identifier assigned for each hospitaliza-
tion, professional fees submitted by providers were used to 
identify which provider saw the patient on the admission day, 
discharge day, as well as subsequent care days. Providers’ pro-
ductivity, bonus supplements, and policy compliance were de-
termined by using billing data, which encouraged the prompt 
submittal of charges.

The provider who billed the admission history and physical 
(codes 99221, 99222, and 99223) within 1 calendar date of the 
patient’s initial admission was defined as the admitting pro-
vider. Patients transferred to the hospitalist service from other 
services were not assigned an admitting hospitalist. The sole 
metric assigned to the admitting hospitalist was ACCP-com-
pliant VTE prophylaxis.

The provider who billed the final subsequent care or discharge 
code (codes 99231, 99232, 99233, 99238, and 99239) within 1 cal-
endar date of discharge was defined as the discharging provider. 
For hospitalizations characterized by a single provider charge (eg, 
for patients admitted and discharged on the same day), the pro-
vider billing this charge was assigned as both the admitting and 
discharging physician. Patients upgraded to the intensive care 
unit (ICU) were not counted as a discharge unless the patient was 
downgraded and discharged from the hospitalist service. The 
discharging provider was assigned responsibility for the time of 
discharge, the percent of patients discharged per day, the dis-
charge summary turnaround time, and hospital readmissions.

Metrics that were assigned to multiple providers for a single 
hospitalization were termed “provider day–weighted” met-
rics. The formula for calculating the weight for each provider 
day–weighted metric was as follows: weight for provider A = 
[number of daily charges billed by provider A] divided by [LOS 
+1]. The initial hospital day was counted as day 0. LOS plus 1 
was used to recognize that a typical hospitalization will have a 
charge on the day of admission (day 0) and a charge on the day 
of discharge such that an LOS of 2 days (eg, a patient admitted 
on Monday and discharged on Wednesday) will have 3 daily 
charges. Provider day–weighted metrics included patient sat-
isfaction, communication with the outpatient provider, depth 
of coding, and observed-to-expected LOS. 

Our billing software prevented providers from the same 
group from billing multiple daily charges, thus ensuring that 
there were no duplicated charges submitted for a given day. 

Presenting Results 
Providers were only shown data from the day-weighted ap-
proach. For ease of visual interpretation, scores for each met-

FIG 1. Example of attribution across providers (Provider day weighted metrics) for a hypothetical patient cared for by 3 providers. 

NOTE: Abbreviations: E&M, evaluation and management; LOS, length of stay; O/E, observed over expected; PCP, Primary Care Provider.

Provider: Dr. Smith

Number of days seen: 1 day

Coded Charges:  
(Admission E&M charge)

Example of metric attribution for a single hospitalization

• 100% credit to admitting provider (Smith): VTE prophylaxis

• 100% credit to discharging provider (Johnson): discharge summary turnaround, discharge time, O/E readmission

• Shared credit (25% to Smith, 50% to Green, 25% to Johnson): patient satisfaction, PCP communication, O/E LOS, depth of coding

Provider: Dr. Green

Number of days seen: 2 days

Coded Charges: (2 subsequent 
day E&M charges)

Provider: Dr. Johnson

Number of days seen: 1 day

Coded Charges: (Discharge E&M 
charge or final subsequent day 
E&M charge of hospitalization)
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ric were scaled ordinally from 1 (worst performance) to 9 (best 
performance; Table 1). Data were displayed in a dashboard 
format on a password-protected website for each provider to 
view his or her own data relative to that of the hospitalist peer 
group. The dashboard was implemented in this format on July 
1, 2011. Data were updated quarterly (Figure 2).

Results were displayed in a polyhedral or spider-web graph 
(Figure 2). Provider and group metrics were scaled according 
to predefined benchmarks established for each metric and 
standardized to a scale ranging from 1 to 9. The scale for each 
metric was set based on examining historical data and group 
median performance on the metrics to ensure that there was 
a range of performance (ie, to avoid having most hospitalists 
scoring a 1 or 9). Scaling thresholds were periodically adjusted 
as appropriate to maintain good visual discrimination. Higher 
scores (creating a larger-volume polygon) are desirable even 
for metrics such as LOS, for which a low value is desirable. Both 
a spider-web graph and trends over time were available to the 
provider (Figure 2). These graphs display a comparison of the 
individual provider scores for each metric to the hospitalist 
group average for that metric. 

Comparison with the Standard (Attending of Re-
cord) Method of Attribution
For the purposes of this report, we sought to determine 
whether there were meaningful differences between our 
day-weighted approach versus the standard method of attri-
bution, in which the attending of record is assigned responsi-

bility for each metric that would not have been attributed to 
the discharging attending under both methods. Our goal was 
to determine where and whether there was a meaningful dif-
ference between the 2 methodologies, recognizing that the 
degree of difference between these 2 methodologies might 
vary in other institutions and settings. In our hospital, the at-
tending of record is generally the discharging attending. In 
order to compare the 2 methodologies, we arbitrarily picked 
2015 to retrospectively evaluate the differences between these 
2 methods of attribution. We did not display or provide data 
using the standard methodology to providers at any point; this 
approach was used only for the purposes of this report. Be-
cause these metrics are intended to evaluate relative provider 
performance, we assigned a percentile to each provider for 
his or her performance on the given metric using our attribu-
tion methodology and then, similarly, assigned a percentile to 
each provider using the standard methodology. This yielded 2 
percentile scores for each provider and each metric. We then 
compared these percentile ranks for providers in 2 ways: (1) we 
determined how often providers who scored in the top half of 
the group for a given metric (above the 50th percentile) also 
scored in the top half of the group for that metric by using the 
other calculation method, and (2) we calculated the absolute 
value of the difference in percentiles between the 2 methods 
to characterize the impact on a provider’s ranking for that met-
ric that might result from switching to the other method. For in-
stance, if a provider scored at the 20th percentile for the group 
in patient satisfaction with 1 attribution method and scored at 

FIG 2. Visual display of provider performance 
NOTE: Abbreviations: LOS, length of stay; PCP, Primary Care Physician; VTE, Venous Thromboembolism. Results are scaled to benchmarked values and displayed in a spiderweb plot on a scale 
from 1 to 9. All are scaled such that higher values are “good”, even when a low value for the metric is desirable (such as observed/expected length-of-stay).
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the 40th percentile for the group in patient satisfaction using 
the other method, the absolute change in percentile would 
be 20 percentile points. But, this provider would still be below 
the 50th percentile by both methods (concordant bottom half 
performance). We did not perform this comparison for metrics 
assigned to the discharging provider (such as discharge sum-
mary turnaround time or readmissions) because the attending 
of record designation is assigned to the discharging provider 
at our hospital. 

RESULTS
The dashboard was successfully operationalized on July 1, 
2011, with displays visible to providers as shown in Figure 2. 
Consistent with the principles of providing effective perfor-
mance feedback to providers, the display simultaneously 
showed providers their individual performance as well as the 
performance of their peers. Providers were able to view their 
spider-web plot for prior quarters. Not shown are additional 
views that allowed providers to see quarterly trends in their 
data versus their peers across several fiscal years. Also avail-
able to providers was their ranking relative to their peers for 
each metric; specific peers were deidentified in the display.

There was notable discordance between provider rankings 
between the 2 methodologies, as shown in Table 2. Provid-
er performance above or below the median was concordant 
56% to 75% of the time (depending on the particular metric), 
indicating substantial discordance because top-half or bot-
tom-half concordance would be expected to occur by chance 
50% of the time. Although the provider percentile differences 
between the 2 methods tended to be modest for most pro-
viders (the median difference between the methods was 13 to 
22 percentile points for the various metrics), there were some 
providers for whom the method of calculation dramatically im-
pacted their rankings. For 5 of the 6 metrics we examined, at 
least 1 provider had a 50-percentile or greater change in his or 
her ranking based on the method used. This indicates that at 
least some providers would have had markedly different scores 

relative to their peers had we used the alternative methodolo-
gy (Table 2). In VTE prophylaxis, for example, at least 1 provider 
had a 94-percentile change in his or her ranking; similarly, a 
provider had an 88-perentile change in his or her LOS ranking 
between the 2 methodologies.

DISCUSSION
We found that it is possible to assign metrics across 1 hospital 
stay to multiple providers by using billing data. We also found 
a meaningful discrepancy in how well providers scored (rela-
tive to their peers) based on the method used for attribution. 
These results imply that hospitals should consider attributing 
performance metrics based on ascribed ownership from billing 
data and not just from attending of record status.

As hospitalist programs and providers in general are increas-
ingly being asked to develop dashboards to monitor individual 
and group performance, correctly attributing care to provid-
ers is likely to become increasingly important. Experts agree 
that principles of effective provider performance dashboards 
include ranking individual provider performance relative to 
peers, clearly displaying data in an easily accessible format, 
and ensuring that data can be credibly attributed to the indi-
vidual provider.3,4,6 However, there appears to be no gold stan-
dard method for attribution, especially in the inpatient setting. 
Our results imply that hospitals should consider attributing 
performance metrics based on ascribed ownership from billing 
data and not just from attending of record status.

Several limitations of our findings are important to consider. 
First, our program is a relatively small, academic group with 
handoffs that typically occur every 1 to 2 weeks and sometimes 
with additional handoffs on weekends. Different care patterns 
and settings might impact the utility of our attribution method-
ology relative to the standard methodology. Additionally, it is 
important to note that the relative merits of the different meth-
odologies cannot be ascertained from our comparison. We 
can demonstrate discordance between the attribution meth-
odologies, but we cannot say that 1 method is correct and the 

TABLE 2. A Comparison of Standard (Physician-of-Record–Based) Attribution to Billing-Based Attribution  
in Provider Performancea

Metric
Percent Top- and Bottom-Half Performer Concordance  

Between the 2 Methodsb
Percentile Differences at the Provider Level  

Between the 2 Methods,c Median (IQR); Maximum

VTE prophylaxis 63 22 (8-42); 94

Depth of coding 75 16 (6-23); 56

Patient satisfaction 56 13 (6-13); 50

Communication with PCPs 75 13 (6-19); 31

Observed-to-expected LOS 75 13 (6-25); 88

a Metrics included are those that would be expected to have discordance between our methodology and the standard methodology. See text for details.
b This is the probability that a provider who scores above (or below) the median (50th percentile) for the group with 1 attribution methodology will also score above (or below) the median with the 
other methodology. Providers who scored above the median with both methodologies or below the median with both methodologies were considered concordant. Fifty percent concordance 
would be expected by chance.

c The percentile difference was the absolute value of the percentile difference each provider earned between the 2 methods. For example, a provider who scored at the 75th percentile on a 
metric by 1 methodology and at the 45th percentile on that metric with the other methodology would have a 30-point percentile difference.

NOTE: Abbreviations: IQR, interquartile range; LOS, length of stay; PCP, primary care physician; VTE, venous thromboembolism.
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other is flawed. Although we believe that our day-weighted 
approach feels fairer to providers based on group input and 
feedback, we did not conduct a formal survey to examine 
providers’ preferences for the standard versus day-weighted 
approaches. The appropriateness of a particular attribution 
method needs to be assessed locally and may vary based on 
the clinical setting. For instance, on a service in which patients 
are admitted for procedures, it may make more sense to attri-
bute the outcome of the case to the proceduralist even if that 
provider did not bill for the patient’s care on a daily basis. Fi-
nally, the computational requirements of our methodology are 
not trivial and require linking billing data with administrative 
patient-level data, which may be challenging to operationalize 
in some institutions.

These limitations aside, we believe that our attribution 
methodology has face validity. For example, a provider might 
be justifiably frustrated if, using the standard methodology, he 
or she is charged with the LOS of a patient who had been hos-
pitalized for months, particularly if that patient is discharged 
shortly after the provider assumes care. Our method address-
es this type of misattribution. Particularly when individual pro-
vider compensation is based on performance on metrics (as is 
the case at our institution), optimizing provider attribution to 
particular patients may be important, and face validity may be 
required for group buy-in.

In summary, we have demonstrated that it is possible to 
use billing data to assign ownership of patients to multiple 
providers over 1 hospital stay. This could be applied to oth-
er hospitalist programs as well as other healthcare settings in 

which multiple providers care for patients during 1 healthcare 
encounter (eg, ICUs). 
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