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eMethods. Instrumental Variable and Modeling Specifications 

An important consideration in any observational analysis is the potential for estimation bias due to unmeasured 
variables that can confound the results, and therefore limit causal inference. In particular, if unobserved factors that 
affect the treatment decision also affect the outcomes, standard estimates of treatment effects might be biased.  For 
example, the size and location of urinary stones are important determinants both of treatments (SWL versus 
ureteroscopy) and outcomes.1  Thus, treatment effects may be biased by the lack of equivalence of the unobserved 
factors.   Previous claims-based comparisons of SWL and ureteroscopy have failed to address this potential 
confounding.2  We adopt an alternative approach in which we specify and estimate a simultaneous equations model 
that addresses this concern.  Our approach, which is analogous to instrumental variable analysis, employs an 
econometric technique designed to balance the effect of both measured and unmeasured confounders among 
treatment groups,3 and if specified correctly, allows for causal inference of treatment effects. 

Creating the Instrumental Variables 

We identified three potential instruments for the analysis.  First, we hypothesized that distance to a hospital with 
SWL versus ureteroscopy capability will influence patients’ probability of receiving one of the treatment and that 
this is the only mechanism by which distance to hospital with SWL versus ureteroscopy capability will influence a 
second procedure within 120 days of the initial intervention. Similar distances have been used effectively in several 
other instrumental variable analyses. 4,5   Therefore, distance between the patient and the treating facility was 
calculated based on the ZIP code centroids of each location, a characteristic commonly used as instrument in similar 
analyses.3,6  To capture the non-linear relationship between this instrument and the treatment of interest, we 
developed a categorical variable by assigning all patients with zero distance into a single group, and then evenly 
distributing the remaining patients across ten groups.   

Second, we hypothesized that the per capita density of urologists would influence the probability of patients 
receiving one of the treatments.  The number of urologists per capita at the FIPS level was obtained from the Area 
Resource File.  Similarly, for our third instrument we hypothesized that per capita density of surgeons would reflect 
both the availability of surgical services at the local area level, as well as the intensity of potential competition 
among providers, and that these factors would influence the probability of the patients receiving one of the 
treatments.  The number of surgical subspecialists per capita at the FIPS level was obtained from the Area Resource 
File.   

Testing the Instrumental Variable 

The validity of our approach is contingent upon the availability of instrumental variables that satisfy two conditions:  
(1) they are strongly correlated with treatment decisions, and (2) conditional on other observable factors, they are 
only related to the outcome (in our case, a second intervention to remove stones) through their influence on 
treatments.3,6  The first condition is satisfied by confirming the predictive power of the instruments in the treatment 
equations by calculating their joint significance (chi square statistic = 60.46, p<0.001).  

While the second condition cannot be directly tested, we estimated alternative specifications of the instrumental 
variables in which we included each of the different combinations of the three instruments in the outcome equation.  
There was no statistically significant association between any instrument or combination thereof and the treatment 
outcome.  Finally, we noted improved covariate balance in observed characteristics across levels of our instruments 
relative to the overall sample (see eTable 2 for distance instrument).   

Specification of the Simultaneous Equation Model 

We specified the two equation model as follows.  Let  

Y1* = Xb1 + Zb2 + e1  (treatment equation) 

Y2* = Xb2 + e2,   (outcome equation) 

where Y1* and Y2* are latent variables that govern the treatment decision and repeat stone procedures, respectively; 
X is a vector of control variables, Z is a vector of the three instruments (described above), and e1 and e2 are error 
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terms.  With the added assumption that e1 and e2 are jointly normally distributed, our model can be estimated as a 
standard bivariate probit model.  As described above, to examine robustness of our estimates and assumptions, we 
estimated alternative specifications in which we include each of the different combinations of the three instruments 
in Z.  We also estimated an alternative specification in which we included Z in the outcome equation. 

Assessment of the Simultaneous Equation Model 

We estimated alternative specifications including a vector (Z, described above) with various combinations of the 
three instruments.  Specifically, we estimated models incorporating 1) distance, urologist density and surgeon 
density; 2) only distance and urologist density; 3) only distance and surgeon density; and, 4) only urologist and 
surgeon density.  In none of these specifications was the vector Z of instruments associated with the treatment 
outcome.  To examine the potential influence of secular changes in treatment patterns we specified two different 
models, one incorporating data from 2002–2005 and the second from 2006–2010.  None of these alternative 
specifications resulted in substantive changes to our findings. 
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eTable 1. Diagnostic and Procedure Codes for Cohort Identification 

ICD9 Diagnostic Code Description 

592.0 Calculus of Kidney 

592.1 Calculus of Ureter 

592.9 Urinary calculus, unspecified 

  

Procedure Codes Description 

98.51 Extracorporeal shock wave lithotripsy (ESWL) 

50590 Lithotripsy, extracorporeal shock wave 

  

52320 Cystourethroscopy (including ureteral catheterization); with 
removal of ureteral calculus 

52325 Cystourethroscopy (including ureteral catheterization); with 
fragmentation of ureteral calculus 

52335 Cystourethroscopy with ureteroscopy and/or pyeloscopy 

52336 Cystourethroscopy with ureteroscopy and/or pyeloscopy, with 
removal or manipulation of calculus (includes ureteral stent) 

52337 Cystourethroscopy with ureteroscopy and/or pyeloscopy, with 
lithotripsy (includes ureteral stent) 

52351 Cystourethroscopy, with ureteroscopy or pyeloscopy; diagnostic 

52352 Cystourethroscopy with ureteroscopy or pyeloscopy; with removal 
or manipulation of calculus (ureteral catheterization is included 

52353 Cystourethroscopy with ureteroscopy or pyeloscopy; with 
lithotripsy (ureteral catheterization is included) 
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eTable 2. Covariate Balance for Pooled Sample and Distance Categories 

  Variable (%) 
  Age 

(years) 
Female Charlson Region 

  0 1 ≥2 Northeast North 
Central 

South West 

Pooled           
   

SWL 
43.5 38 89 9 2 7 28 51 14 

   
URS 

42.5 41 89 9 2 6 32 50 13 

   P <0.001 <0.001 0.50 <0.001 
Distance 
Category 

          

0 SWL 43.7 37 89 9 2 6 23 55 16 
 URS 42.6 42 89 9 2 5 28 53 14 
   P <0.001 <0.001 0.77 <0.001 
1 SWL 44.0 37 86 11 2 16 17 57 9 
 URS 42.1 39 90 8 2 13 24 53 11 
   P <0.001 0.38 0.03 <0.001 
2 SWL 43.8 37 88 10 2 10 29 44 17 
 URS 42.9 40 90 8 2 9 37 43 12 
   P 0.08 0.20 0.14 <0.001 
3 SWL 43.3 38 90 9 1 13 22 55 9 
 URS 41.3 40 91 8 1 7 29 57 7 
   P <0.001 0.34 0.75 <0.001 
4 SWL 43.4 36 89 10 2 6 54 28 12 
 URS 43.2 38 88 11 1 6 53 28 13 
   P 0.71 0.37 0.67 0.62 
5 SWL 43.4 36 89 10 2 7 43 39 10 
 URS 42.8 43 89 9 2 6 46 37 10 
   P 0.21 <0.001 0.72 0.46 
6 SWL 42.9 37 91 8 1 8 26 57 9 
 URS 42.4 39 88 10 2 5 29 59 8 
   P 0.38 0.54 0.04 0.002 
7 SWL 43.1 39 89 9 2 3 43 41 13 
 URS 42.4 42 89 10 1 4 41 43 11 
   P 0.12 0.14 0.62 0.46 
8 SWL 42.8 36 90 8 2 6 29 56 10 
 URS 42.1 43 89 10 1 3 34 53 11 
   P 0.15 0.003 0.34 0.002 
9 SWL 42.7 38 89 10 1 3 35 49 13 
 URS 41.8 40 88 10 2 3 39 46 11 
   P 0.10 0.31 0.06 0.15 
10 SWL 43.4 40 88 11 1 5 25 53 17 
 URS 42.5 41 88 10 2 4 28 51 16 
   P 0.07 0.58 0.40 0.43 
SWL = shock wave lithotripsy, URS  ureteroscopy, P = p-value 

 

 

 


