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Identification of Admissions with CIED Implantation and Infection 

Previous analyses have used a variety of ICD-9-CM code-based strategies to identify CIED infections in 
administrative databases 1-5. For this study, we have taken an approach similar to that used by Voigt et al.2, 5, because 
it incorporates multiple distinct ICD-9-CM code-based criteria that increase the sensitivity of the search:  

1. Admissions assigned codes for CIED generator implantation, replacement, or revision AND either, infection and 
inflammatory reaction due to cardiac device implant and graft (996.61), OR infection and inflammatory reaction due 
vascular device, implant and graft (996.62) were designated as infections. The latter criterion was included to 
capture infections that involve the leads (intravascular), but not the generator pocket.  

2. Admissions assigned codes for CIED implantation AND endocarditis (421.0, 421.1, 421.9, 424.90, 424.91, 
424.99) were designated as infections. Endocarditis complicated by heart block is treated surgically by placement of 
a prosthetic valve 6.  This study excluded admissions assigned an ICD-9 code for heart valve replacement, to 
eliminate admissions in which a pacemaker is implanted to treat endocarditis-related heart block.  

3. Admissions assigned a code for CIED battery implantation AND a code for, septicemia (038.0, 038.10, 038.11, 
038.19, 038.2, 038.3, 038.40, 038.41, 038.42, 038.43, 038.44, 038.49, 038.8, 038.9), bacteremia (790.7), shock 
(785.50), cellulitis (682.8, 682.9), or fever (780.6) were designated as infections. This is similar to Voigt et al2, 5 who 
designated admissions as infections if they were assigned a ‘device explantation code’ (ICD 37.77, 37.79, 37.89, or 
37.99) and a primary diagnosis code for code for septicemia (038 or 785.59), bacteremia (790.7), 
endocarditis(421.0, 421.9, or 424.90), cellulitis (682.9), or fever (780.6)). We revised this algorithm to address the 
fact ICD-9-CM codes for explantation are non-specific and insensitive. Specifically, the codes for pacemaker 
explantation are not specific (37.77 corresponds to pacemaker pocket revision or relocation and 37.89 corresponds 
to pacemaker revision or replacement), and they are not sensitive because there are no codes for ICD or CRT pocket 
relocation or replacement. In lieu of requiring a code for explantation, we required a code for implantation with the 
knowledge that some portion of cases that are implanted on a subsequent admission would be lost. While it is 
possible that we have captured some cases of non-CIED infection that occurred on the same admission as the CIED 
implantation, we feel this number is small because in clinical practice, it is unusual to implant a CIED during an 
admission that includes infection of another organ system, unless that infection of another organ system was due to a 
CIED infection that was treated with explantation and reimplantation, or infection of another organ system caused a 
CIED infection that required explantation and reimplantation. Both of these scenarios would fit the case definition 
for CIED infection used in this study.   
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Regression Model Selection Rationale 

Within hospital mortality and longer-term mortality were both modeled using the binomial complementary log-
log regression specification because the alternative specifications, probit and logit, are functions that are 
symmetrical about the probability equal to 0.5 while binomial complementary log-log specification does not have 
this presumption. Because LOS is a positive integer, it was modeled using the negative binomial regression 
specification. Consideration was given to using the Poisson specification but it assumes that the variance of LOS 
equals the mean which is a presumption that is not supported by the data. Costs were modeled using the natural log 
of costs as the dependent variable. This specification is justified by the positive skewness in costs as well as by the 
recognition that cost impact of comorbidity k is conditional on the presence of other comorbidities – with simply 
costs as the dependent variable, the incremental impact of comorbidity k would be independent of other 
comorbidities.  

Calculation of the Standardized Adjusted Outcomes and Incremental Effects of Infection 

The estimated regression coefficients were used to calculate the outcomes for each infected patient (adjusted 
outcome with infection). The calculations were then performed under the counterfactual that the patients did not 
become infected (adjusted outcome without infection). The difference between the two calculations represents the 
adjusted incremental effect of infection.
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