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eAppendix. Technical Appendix and Thresholding Analysis 

Technical Appendix 

We used Episode Treatment Groups software to estimate the “intensity” of care delivered to patients cared for by each 

physician.  In order to calculate costs that reflect differences in utilization rather than payment rates, we first calculated standardized 

costs for all Part A and Part B services received during the study period.  Standardized cost differs from actual Medicare payment in 

two important ways.  First, standardized cost incorporates the full allowed reimbursement from all payment sources (Medicare, patient 

cost sharing, and other insurers).  Second, standardized cost eliminates the effects of various adjustments Medicare makes in setting 

local payment rates, such as geographic payment differences for local input price variations and differential payments across classes of 

providers (e.g. DSH and GME payments; cost-based reimbursement of critical access hospitals vs. DRG-based prospective payment 

for most other short-term hospitals). 

To calculate the intensity of care of an episode, we multiplied the standardized cost for each service assigned to an episode by 

the number of times the service was delivered and summed the costs. We refer to this total as the observed cost. The observed cost of 

an episode varies with the number of units of service delivered.  We adjusted the data to eliminate extreme values for each episode 

type by truncating the charges to a minimum of  1/3rd of the 25th percentile and a maximum of  three times the 75th percentile.  This 
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differs slightly from other methods used in the literature, which typically entail truncating at a given percentile, but establishes 

clinically reasonable cut points.30  

Episodes were attributed to the physician within each specialty who provided the most evaluation and management services for 

the care of that episode.  We required that each “attributed” physician bill a minimum of 15% of the total evaluation and management 

costs for that episode.  Consequently, multiple physicians of different specialties may be attributed to an episode of care.    To 

calculate the intensity score, episodes were assigned to physicians who provided the most evaluation and management services within 

a specialty as long as this was greater than 30%.30   These scores were then averaged across all episodes assigned to each physician in 

order to derive an intensity score for that physician.  We did not assign ETG scores to physicians with fewer than 10 episodes in our 

care.  We included a dummy variable in our model for dyads where one or both physicians were missing an ETG score. 

Thresholding Analysis 

 As noted in the main text, we used an approach adapted from network science to apply a relative thresholding criterion for 

each node (physician).  This allowed us to retain the strongest and most influential ties for each physician in the network, while also 

eliminating less important ties that might have arisen due to chance.  As we noted, this method likely eliminates some ties of 

importance, but maintains the basic topographical features of the network intact.  To examine the sensitivity of this approach, we also 

explored different cut points using the top 10% of ties and the top 30% of ties.  These results are presented in Appendix Table A1.  As 

expected, measures such as the total number of included ties and adjusted degree per 100 patients treated are sensitive to this method 
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(as they would be to any method of thresholding). As shown in the table, however, this method maintains the essential topological 

features of the network as shown by stability in the number included nodes, clustering, and PCP/Specialist relative centrality.  There is 

also relative stability (e.g., between the top 30% v. the top 20% of ties) in network density. 
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eTable 1. Thresholding Sensitivity Analysis 

 No Threshold 30 Percent 20 Percent 10 Percent 
 Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Average 
Threshold 1.00 1.00 1.00 4.27 1.47 12.05 6.18 2.09 15.97 10.21 3.72 22.89 
Number of 
nodes 1,339 135 8,197 1,339 135 8,197 1,339 135 8,197 1,337 135 8,197 
Number of 
ties 108,634 4,103 695,672 70,743 2,134 549,393 50,927 1,568 392,582 28,827 830 226,194 
Density 0.23 0.02 0.67 0.12 0.01 0.34 0.09 0.01 0.24 0.05 0.01 0.13 
Adjusted 
Degree per 
100 Patients 66.77 36.53 111.08 39.05 16.59 76.93 27.26 11.69 54.42 14.65 5.79 29.25 
Clustering 0.63 0.42 0.85 0.56 0.38 0.70 0.55 0.40 0.67 0.53 0.44 0.63 
PCP 
Relative 
Centrality 0.38 0.17 1.03 0.38 0.18 1.06 0.38 0.19 1.07 0.41 0.14 1.12 
Specialists 
Relative 
Centrality 2.95 0.97 5.79 3.10 0.94 5.45 3.07 0.94 5.35 2.96 0.90 7.11 
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eFigure 1. US map with HRRs highlighted 
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eFigure 2. Number of shared patients by physician pairs across the 61 HRRs pre (panel A) and post (panel B) 
thresholding 

   

Panel a 
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Panel b 
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eFigure 3. Scatter plots of mean network attributes for 51 hospital referral regions by log number of physicians

The number of shared patients is calculated 
after applying the top 20% thresholding rule.  
Adjusted degree (degree per 100 patients) is 
the average number of other physicians with 
whom a physician shares patients after 
adjusting for their total number of Medicare 
patients in 2006.  The clustering coefficient is 
a metric that quantifies the extent to which the 
network neighbors of a given node are directly 
connected to one another.  The betweenness 
centrality of a physician represents how central 
a physician is within his network of colleagues. 
To calculate relative PCP (or specialist) 
centrality, we divide mean PCP (specialist) 
centrality by the mean centrality of all other 
physicians in the network.  
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