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Background. The optimum approach for infectious complication surveillance for cardiac implantable electronic
device (CIED) procedures is unclear. We created an automated surveillance tool for infectious complications after
CIED procedures.
Methods. Adults having CIED procedures between January 1, 2005 and December 31, 2011 at Duke University

Hospital were identified retrospectively using International Classification of Diseases, 9th revision (ICD-9) proce-
dure codes. Potential infections were identified with combinations of ICD-9 diagnosis codes and microbiology data
for 365 days postprocedure. All microbiology-identified and a subset of ICD-9 code-identified possible cases, as well
as a subset of procedures without microbiology or ICD-9 codes, were reviewed. Test performance characteristics for
specific queries were calculated.
Results. Overall, 6097 patients had 7137 procedures. Of these, 1686 procedures with potential infectious com-

plications were identified: 174 by both ICD-9 code and microbiology, 14 only by microbiology, and 1498 only by
ICD-9 criteria. We reviewed 558 potential cases, including all 188 microbiology-identified cases, 250 randomly se-
lected ICD-9 cases, and 120 with neither. Overall, 65 unique infections were identified, including 5 of 250 reviewed
cases identified only by ICD-9 codes. Queries that included microbiology data and ICD-9 code 996.61 had good
overall test performance, with sensitivities of approximately 90% and specificities of approximately 80%. Queries
with ICD-9 codes alone had poor specificity. Extrapolation of reviewed infectious rates to nonreviewed cases yields
an estimated rate of infection of 1.3%.
Conclusions. Electronic queries with combinations of ICD-9 codes and microbiologic data can be created and

have good test performance characteristics for identifying likely infectious complications of CIED procedures.

Keywords. cardiac implantable; electronic devices infection control; electronic surveillance.

Surveillance for infection after invasive procedures is a
key component of quality control programs. For exam-
ple, surveillance and feedback of surgical site infection
data lead to lower rates of subsequent infections [1].

Procedures involving cardiac implantable electronic
devices (CIED) increased by almost 100% between
1993 and 2008, during which time rates of infectious
complications also increased [2–5]. Although demo-
graphics, provider and facility characteristics, device
types, adverse event rates, compliance with guideline
recommendations, and Centers for Medicare and Med-
icaid Services data from the majority of CIEDs are re-
ported into the national ICD Registry managed by the
American College of Cardiology, there is no validated
surveillance strategy for infectious complications for
these procedures [6]. Reported infectious complication
rates for CIED procedures vary from <1% to >5.6%, al-
though outcome measures have differed between stud-
ies [7–12].
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The Duke Infection Prevention and Healthcare Epidemiolo-
gy group has created automated surveillance systems for several
nontraditional surgical procedures, including endoscopic retro-
grade cholangiopancreatography and cardiac catheterization
[13, 14]. These computer-based surveillance systems allow pro-
spective monitoring of potential infections to target intensive
infection control efforts as threshold rates of infection are
reached. The objective of this study was to create an automated
surveillance tool for infectious complications after CIED proce-
dures using International Classification of Diseases, 9th revision
(ICD-9) codes and microbiology data.

METHODS

Study Population
All patients ages 18 and older who underwent CIED procedures
at Duke University Hospital between January 1, 2005 and De-
cember 31, 2011 were identified using ICD-9 procedure codes
via queries of the Duke Enterprise Data Unified Content Ex-
plorer (DEDUCE) system [15].

Identification of Potential Infectious Complications
Potential infection-related complications among this cohort
were identified using specific ICD-9 diagnosis codes and micro-
biology data for the 365 days after the index procedure. The
ICD-9 diagnosis codes included for data extraction and analysis
are listed in Supplementary Appendix 1. The following micro-
biology data (as labeled by our microbiology laboratory for the
study period) were included for analysis and were flagged if pos-
itive: bacterial and fungal blood cultures, aerobic and anaerobic
cultures from sources other than blood, acid-fast bacillus cul-
tures from any source, bacterial body fluid cultures, bacterial tis-
sue cultures, fungal cultures from sources other than blood, and

bacterial catheter tip cultures, which may have included cultures
from leads after extraction. Urine, cerebrospinal fluid, respirato-
ry, eye, ear, and stool cultures were excluded from analysis, as
were any cultures that did not have a source identified.

Infectious Complication Definition and Validation
We completed in-depth chart reviews to create a criterion stan-
dard comparator for the candidate automated surveillance def-
initions. Three groups of patients were identified for further
chart review: (1) all cases who had positive microbiology cul-
tures obtained from the sources listed above within 365 days
of the index procedure, (2) a random subset of 250 patients
who had ICD-9 codes indicative of potential infectious compli-
cation assigned within 365 days after index procedure (3.5% of
all sampled procedures and 14.8% of those with positive ICD-9
codes), and (3) a random subset of 120 of patients who had nei-
ther positive cultures as above nor ICD-9 codes indicative of in-
fection assigned within 365 days after index procedure (1.7% of
all sampled procedures and 2.2% of those with neither finding;
Figure 1). The numbers of randomly selected charts within
groups 2 and 3 were chosen based on estimated reviewer
capacity.
Eight experts in infectious diseases and healthcare epidemi-

ology reviewed clinical documentation, microbiologic data,
echocardiographic data, and radiographic data from the avail-
able electronic medical records for 365 days from the reviewed
procedure to determine whether an infectious complication oc-
curred. Cases were reviewed by a single reviewer. Reviewers used
the definition proposed by Chamis et al [16] to define infectious
complications of CIED procedures. In brief, this defines clinical
evidence of cardiac device infections by physical findings in-
cluding erythema, dehiscence, and fluctuance, with confirma-
tion based on microbiologic or echocardiographic findings.

Figure 1. Flow diagram for identification of potential infectious complications (n = 1686) and chart reviews. *Of the 1672 procedures identified by In-
ternational Classification of Diseases, 9th revision, codes, 174 also had positive microbiology and were excluded from the 250 cases analyzed.
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Reviewers further categorized infectious complications as fol-
lows: CIED pocket infection, CIED lead infection, endocarditis,
and bacteremia. Blood culture contaminants were defined as
skin commensal organisms found in only 1 blood culture speci-
men within a series, as previously described by Bekeris et al
[17]. Patients with contaminated blood culture specimens
were not included as incident cases.
Cases of CIED pocket infections were defined as “microbio-

logically confirmed” if cultures or Gram stain from the genera-
tor pocket were positive for organisms. Cases of intravascular
component (lead) infections were defined as microbiologically
confirmed if cultures or Gram stain from the lead were positive
for organisms. Cases of endocarditis were defined clinically as
patients for whom valvular or lead vegetations were detected
by echocardiography or for whom modified Duke criteria for
infective endocarditis were met [18, 19]. Cases of bacteremia
were defined as patients with a positive blood culture within 1
year of device implantation. Cases were defined as microbiolog-
ically confirmed when cultures or Gram stain from the appro-
priate clinical site were positive for an infecting pathogen. Cases
of “culture-negative” infections were defined as patients with
the aforementioned clinical signs of infection and without mi-
crobiologic confirmation who subsequently underwent lead or
device extraction or were treated with a course of intravenous
antibiotics.

Statistical Analyses
Multiple series of 5 different queries each were performed to
identify the best electronic surveillance definition. Each series
included queries with microbiology data alone, ICD-9 data
alone, both microbiology data and ICD-9 data, limited subsets
of both, and inclusion of the performance of either transthorac-
ic or transesophageal echocardiography. The ICD-9 code com-
binations were tested within the chart-reviewed population as
follows: all ICD-9 codes, the infectious code subgroup without
code 996.61 (all codes ≤790.7), the top 6 most frequently iden-
tified codes within the cases (codes 421.0, 790.7, 996.01, 996.04,
996.61, and 996.72), the top 6 most frequently identified codes
without code 996.61 (codes 421.0, 790.7, 996.01, 996.04, and
996.72), and the top 3 most frequently identified codes (codes
790.7, 996.61, and 996.72). Code 996.61 was excluded from cer-
tain combinations to determine performance of more specific
infectious codes. Microbiology inclusion within the queries in-
volved any microbiology specimen types (“Micro”) and a limit-
ed inclusion set for cases with 2 or more positive cultures of the
following specimen types: “Limited Micro”, including tissue
culture, bacterial blood cultures, and both anaerobic and aero-
bic bacterial cultures from other sites. Additional queries were
created adding the performance of echocardiograms within the
365- and 90-day time frames. Queries were designed to include
data at both 365 and 90 days from the time of the index
procedure.

Sensitivity, specificity, positive predictive values, and negative
predictive values for all specific query combinations were calcu-
lated compared with infectious complications identified by expert
reviewers (our criterion standard). Electronic queries were tested
among the chart-reviewed procedures only. Test performance
curves were created for the top 3 performing series of ICD-9
codes. Data analyses were performed using Microsoft Excel (Red-
mond, WA) and Stata version 9.2 (College Station, TX).

Institutional Review Board Statement
This study protocol was approved by the Institutional Review
Board at Duke University Health System (Pro00037480).

RESULTS

A total of 6097 patients had 7137 procedures during the study
time frame. Overall, the mean age of those undergoing proce-
dures was 65.9 years, and 2695 (37.8%) of the procedures
were performed in women. Of the 7137 procedures, 188 (3%)
were noted to have positive microbiology data within 365
days, whereas 1672 (23%) procedures had 1 of the designated
infection-related ICD-9 codes assigned within 365 days. Over-
all, 1686 (24%) procedures were identified as having a potential
infectious complication by 1 of the 2 methods (Figure 1), and
174 (2%) were identified by both methods.
We determined the frequency of identification of each ICD-9

code and microbiology data type both in the cohort as a whole
and in those procedures identified as infectious complication
cases by expert review (Table 1). Overall, ICD-9 codes were sub-
divided into “infectious” (codes ≤790.7 and 996.61) and “me-
chanical” (other codes ≥996.0) subtypes, with 2456 codes
identified for 1376 patients. The ICD-9 code 996.01 (mechani-
cal complication due to cardiac pacemaker [electrode]) was the
code most frequently identified within the entire cohort (found
in 439 procedures, or 6% of entire cohort, and 13 cases, or 20%
of complications), whereas code 996.61 (infection and inflam-
matory reaction due to cardiac device, implant, and graft) was
the most frequently identified within the cases (found in 349
procedures, or 5% of entire cohort, and 59 cases, or 91% of com-
plications). Seven hundred ninety-nine positive cultures were
identified after 188 procedures. Bacterial blood cultures were
the most common positive culture type in the entire cohort
(119 procedures, or 2% of entire cohort, and 24 cases, or
37%). Bacterial tissue cultures were the most frequent positive
culture type among the cases (76 procedures, or 1% of entire
cohort, and 41 cases, or 63%).
Of the 558 cases that underwent further chart review, 101

were deemed to be true infectious complications and occurred
within 365 days of the procedure. However, 36 of these infections
followed procedures initially performed at outside institutions,
leaving 65 cases of confirmed infection from our home institu-
tion for further analysis. Coagulase-negative staphylococci were
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Table 1. Identification Frequency of International Classification of Diseases, 9th Revision (ICD-9) Codes and Microbiology Subtypes
Within the Entire Cohort and Cases Identified by Chart Review

ICD-9 Code or
Microbiology Type ICD-9 Code Definition

Frequency Found in
Entire Cohort

(n = 7137) N (%)

Frequency Found in
Identified Cases of

Infectious
Complications
(n = 65) N (%)

ICD-9 codes
38.0 Streptococcal septicemia 10 (0.1) 1 (1.5)

38.1 Staphylococcal septicemia 12 (0.2) 3 (4.6)

38.11 Methicillin-susceptible
Staphylococcus aureus septicemia

28 (0.4) 8 (12.3)

38.12 Methicillin-resistant
Staphylococcus aureus septicemia

14 (0.2) 3 (4.6)

38.19 Other Staphylococcal septicemia 8 (0.1) 2 (3.1)
38.2 Pneumococcal septicemia 1 (<0.1) 0 (0.0)

38.4 Septicemia due to other Gram-negative organisms 5 (<0.1) 0 (0.0)

38.42 Septicemia due to Escherichia coli 4 (<0.1) 0 (0.0)
38.43 Septicemia due to Pseudomonas 4 (<0.1) 1 (1.5)

38.44 Septicemia due to Serratia 3 (<0.1) 0 (0.0)

38.49 Other septicemia due to Gram-negative organisms 9 (0.1) 2 (3.1)
38.8 Other specified septicemia 2 (<0.1) 0 (0.0)

38.9 Unspecified septicemia 91 (1.3) 6 (9.2)

421.0 Acute and subacute bacterial endocarditis 112 (1.6) 14 (21.5)
421.1 Acute and subacute infective endocarditis in diseases

classified elsewhere
16 (0.2) 1 (1.5)

421.9 Acute endocarditis, unspecified 8 (0.1) 1 (1.5)
682.8 Cellulitis and abscess of other unspecified sites 8 (0.1) 0 (0.0)

682.9 Cellulitis and abscess of unspecified sites 14 (0.2) 2 (3.1)

780.6 Fever and other physiologic disturbances of temperature
regulation

121 (1.7) 6 (9.2)

785.50 Shock, unspecified 44 (0.6) 1 (1.5)

785.52 Septic shock 41 (0.6) 2 (3.1)
785.59 Other shock without mention of trauma 11 (0.2) 1 (1.5)

786.6 Swelling, mass, or lump in chest 3 (<0.1) 0 (0.0)

790.7 Bacteremia 165 (2.3) 20 (30.1)
996.0 Mechanical complication of cardiac device implant and

graft
125 (1.8) 2 (3.1)

996.01 Mechanical complication due to cardiac pacemaker
(electrode)

439 (6.2) 13 (20.0)

996.04 Mechanical complication of automatic implantable cardiac
defibrillator

415 (5.8) 15 (23.1)

996.09 Other mechanical complication of cardiac device, implant,
and graft

33 (0.4) 0 (0.0)

996.6 Infection and inflammatory reaction due to internal
prosthetic device implant and graft

15 (0.2) 5 (7.7)

996.61 Infection and inflammatory reaction due to cardiac device,
implant, and graft

349 (4.9) 59 (90.8)

996.7 Other complications due to unspecified device, implant,
and graft

3 (<0.1) 0 (0.0)

996.72 Other complications due to other cardiac device, implant,
and graft

282 (4.0) 17 (26.2)

998.51 Infected postoperative seroma 1 (<0.1) 0 (0.0)
998.59 Other postoperative infection 60 (0.8) 11 (16.9)

Micro types

Acid-fast bacilli culture 1 (<0.1) 1 (1.5)
Bacterial culture with anaerobes,

other type
58 (0.8) 21 (32.3)
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the most common pathogens that caused infection, isolated in
27 (42%) of these 65 cases, followed by methicillin-sensitive (15,
or 23%) and methicillin-resistant (7, or 11%) Staphylococcus
aureus (Supplementary Appendix 2). Sixty cases were identified
by both ICD-9 codes and microbiologic data, whereas the re-
maining 5 were identified by only ICD-9 codes, corresponding
to an infection rate of 31.9% of procedures with associated mi-
crobiologic data and 0.3% of those with an ICD-9 code but
without microbiologic data. No infectious complications were
found in the 120 charts reviewed that were not identified by ei-
ther microbiologic or ICD-9 sources. Extrapolating these

estimates to the 6579 remaining procedures that were not re-
viewed by experts would yield an expected 30 additional cases
identified by ICD-9 codes alone. In sum, 95 cases after 7137
procedures performed at Duke University Medical Center
would produce an estimated infection rate of 1.3%.
Test performance characteristics of different query combina-

tions at 365 days are shown in Table 2, and full results at 365
days and 90 days are available in Supplementary Appendix 3.
In general, queries that included microbiology data and the
ICD-9 code 996.61 (queries 1b, 3b, and 5b on Table 2 and Sup-
plementary Appendix 3) had good overall test performance with

Table 1 continued.

ICD-9 Code or
Microbiology Type ICD-9 Code Definition

Frequency Found in
Entire Cohort

(n = 7137) N (%)

Frequency Found in
Identified Cases of

Infectious
Complications
(n = 65) N (%)

Bacterial cultures without
anaerobes, other type

51 (0.7) 27 (41.5)

Blood culture bacteria 119 (1.7) 24 (36.9)

Blood culture fungus 1 (<0.1) 0 (0.0)
Body fluid culture bacteria 15 (0.2) 2 (3.1)

Catheter tip culture bacteria 4 (<0.1) 0 (0.0)

Fungus culture, other type 8 (0.1) 2 (3.1)
Tissue culture bacteria 76 (1.1) 41 (63.1)

Table 2. Query Performance Characteristics at 365 Days From the Index Procedure (Case Number = 65)

Through 365 D

Query
Number Query

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive Predictive Value
(95% CI)

Negative Predictive
Value (95% CI)

1a All ICD-9 Codes (ICD) 100.0 (100.0, 100.0) 27.4 (23.7, 31.1) 15.4 (12.4, 18.4) 100.0 (100.0, 100.0)

1b ICD +All Microbiology Cultures (Micro) 92.3 (90.1, 94.5) 77.1 (73.6, 80.6) 34.7 (30.7, 38.6) 98.7 (97.8, 99.6)

1d ICD +Micro + echocardiography (Echo) 73.9 (70.2, 77.5) 87.4 (84.7, 90.2) 43.6 (39.5, 47.8) 96.2 (94.6, 97.8)
2a Infectious ICD-9 Codes (Infect)a 52.3 (48.2, 56.5) 69.6 (65.8, 73.4) 18.5 (15.3, 21.7) 91.7 (89.4, 94.0)

2b Infect +Micro 49.2 (45.1, 53.4) 80.3 (77.0, 83.6) 24.8 (21.2, 28.4) 92.3 (90.1, 94.5)

2d Infect +Micro + Echo 43.1 (39.0, 47.2) 89.3 (86.7, 91.8) 34.6 (30.6, 38.5) 92.2 (90.0, 94.5)
3a Top 6 ICD-9 Codes (Top 6)b 98.5 (97.4, 99.5) 34.5 (30.5, 38.4) 16.5 (13.5, 19.6) 99.4 (98.8, 100.0)

3b Top 6 +Micro 90.8 (88.4, 93.2) 79.5 (76.2, 82.9) 36.9 (32.9, 40.9) 98.5 (97.5, 99.5)

3d Top 6 +Micro + Echo 72.3 (68.6, 76.0) 88.6 (86.0, 91.3) 45.6 (41.5, 49.8) 96.0 (94.4, 97.7)
4a Top 5 ICD-9 Codes (Top 5)c 66.2 (62.2, 70.1) 40.6 (36.5, 44.6) 12.8 (10.0, 15.6) 90.1 (87.6, 92.6)

4b Top 5 +Micro 61.5 (57.5, 65.6) 81.7 (78.5, 85.0) 30.8 (26.9, 34.6) 94.2 (92.2, 96.1)

4d Top 5 +Micro + Echo 49.2 (45.1, 53.4) 89.7 (87.1, 92.2) 38.6 (34.5, 42.6) 93.1 (90.9, 95.2)
5a Top 3 ICD-9 Codes (Top 3)d 95.4 (93.6, 97.1) 57.0 (52.9, 61.1) 22.6 (19.2, 26.1) 98.9 (98.1, 99.8)

5b Top 3 +Micro 89.2 (86.7, 91.8) 80.9 (77.7, 84.2 38.2 (34.1, 42.2) 98.3 (97.2, 99.4)

5d Top 3 +Micro + Echo 70.8 (67.0, 74.5) 89.5 (86.9, 92.0) 46.9 (42.8, 51.1) 95.9 (94.2, 97.5)

Abbreviations: CI, confidence interval; ICD-9, International Classification of Diseases, 9th revision.
a Infect: Query limited to “infectious” ICD-9 codes 038.0–790.7 only.
b Top 6: Query limited to the 6 most frequently isolated ICD-9 codes: 421.0, 790.7, 996.01, 996.04, 996.61, and 996.72.
c Top 5: Query limited to the 6 most frequently isolated ICD-9 codes, without code 996.61.
d Top 3: Query limited to the 3 most frequently isolated ICD-9 codes: 790.7, 996.61, 996.72.
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sensitivities of approximately 90% and specificities of approxi-
mately 80%. The ICD-9 code combinations without microbiolo-
gy data had very high sensitivity with generally poor specificity
(queries ending in “a” on Table 2 and Supplementary Appendix
3). Inclusion of echocardiography performance and/or using the
Limited Micro data increased specificity to >90% but decreased

sensitivity (series ending in “c”, “d”, or “e” in Table 2 and Sup-
plementary Appendix 3). Test performance curves are shown at
365 days from the index procedure (Figure 2) and at 90 days from
the index procedure (Figure 3) for the 3 highest performing series
of ICD-9 codes (corresponding to queries beginning with 1, 3,
and 5 on Table 2 and Supplementary Appendix 3).

Figure 2. Test performance characteristics of selected automated queries at 365 days from index procedure, by International Classification of Diseases,
9th revision (ICD-9) code inclusion type. Query types: a = labeled ICD-9 codes alone, b = ICD-9 codes + all microbiology data, c = ICD-9 codes + limited mi-
crobiology, d = ICD-9 codes + all microbiology data + performance of echocardiography, e = ICD-9 codes + limited microbiology + performance of
echocardiography.

Figure 3. Test performance characteristics of selected automated queries at 90 days from index procedure, by International Classification of Diseases,
9th revision (ICD-9) code inclusion type. Query types: a = labeled ICD-9 codes, b = ICD-9 codes + all microbiology data, c = ICD-9 codes + limited micro-
biology, d = ICD-9 codes + all microbiology data + performance of echocardiography, e = ICD-9 codes + limited microbiology + performance of
echocardiography.
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DISCUSSION

Calculation of infectious complication rates is an integral part of
quality measurement for surgical and procedural specialties.
However, best practices for determining rates of infections
have not been elucidated for many procedures. This study
shows that electronic strategies may be feasibly created for infec-
tious surveillance for CIED procedures. In our cohort, queries
with combinations of microbiology data and ICD-9 codes ex-
hibited a high sensitivity and high-to-moderate specificity for
identifying patients who developed an infectious complication
following these nontraditional procedures.
Given the increasing frequency of CIED and other nontradi-

tional procedures, comprehensive infection control programs
need additional strategies to monitor infectious complications
other than reliance on provider recognition and reporting.
Our primary goal was to create a novel electronic tool that ex-
hibited a high sensitivity for CIED infectious complications,
compared with expert chart reviews. This ensures such a tool
would miss a minimal number of cases once deployed.
Because just under one third of microbiology-identified poten-

tial cases were true cases, any search strategy, including those de-
scribed in this study, would generate many false-positive results.
Therefore, implementation of an “enhanced” surveillance strategy
may include a subsequent, secondary human review. Although we
do not have an a priori “number needed to screen” to make this
enhanced strategy feasible for implementation, using the top 3
ICD-9 codes with microdata would leave just over 1 false positive
for each identified case and miss approximately 10% of cases.
Such a strategy may optimize the human reviewer’s efficiency
with the certainty of identification a human reviewer provides.
The enhanced tool could then be used prospectively to validate
our rate of infections and thereafter to identify rate changes that
may indicate outbreaks or clusters of infections at the medical
center level. In addition, this CIED procedure monitoring strategy
could become part of a wider, multifaceted surveillance package
for nontraditional procedures at our institution.
Combinations of both microbiology data and ICD-9 codes

provided the best test performance characteristics. Previous
work has shown administrative data alone often are inaccurate
for identifying healthcare-associated infections [20, 21]. Taken
in isolation, ICD-9 codes greatly overestimated the number of
infectious complications within our cohort. This likely was in-
fluenced by the inclusion of mechanical ICD-9 codes in our
searches, which was done because we thought providers might
use these codes for devices removed for potential infections.
However, even code 996.61 (infection and inflammatory reac-
tion due to cardiac device, implant, and graft), which had a sen-
sitivity >90% for the reviewed cases, had a positive predictive
value of only 17% when used alone in this population. This in-
dicates that the decision to remove a device may be unclear and
that providers may have different thresholds for labeling a

device removal as secondary to infection. Furthermore, ICD-9
codes without adjunctive microdata have poor specificity be-
cause many different potential infectious complications, such
as urinary tract infections, may be unrelated to the CIED pro-
cedure, and many noninfected devices must be replaced for me-
chanical or duration-of-life reasons.
Rates of infectious complications within our cohort, even with

the most pessimistic assumptions, were at the lower end of pre-
viously published estimates [3–5, 7–12]. Authors of the most re-
cent estimate of rates of CIED infections over a 16-year period
demonstrated that rates increased from 1.5% to 2.4% because pa-
tients with more comorbidities have had more procedures [3].
However, this estimate was based on national inpatient discharge
data, so it is likely that individual centers with higher volume and
longer experience with implantation may have lower rates of
complications.
Because surgical site infection time definitions were recently

reduced from 365 to 90 days, we tested both cutpoints for our
data. The shorter time frame missed 17 late infections in our
population. Although these represented true infections under
our study definition, it is unclear whether later infections reflect
complications of the initial procedure itself or occur seconda-
rily; thus, infections occurring beyond 90 days may not be
meaningful indicators of procedure quality [22].
Advantages of this study include the inclusion of several

years of procedure data and an ability to analyze the effect of
multiple different screening query combinations by confirming
the case definition with chart reviews. By reviewing many ICD-
9-only cases and procedures without associated data, we were
able to ensure that clinical factors such as previously received
antibiotics and culture types excluded from our data capture
did not falsely lower the number of cases we identified. Further-
more, review of the microbiology-positive cases allowed us to
exclude cases with infections such as bacteremia from other
sources and those unrelated to the device/procedure. In addi-
tion, queries can be quickly constructed and accurately repeated
because our electronic database query system is robust.
The limitations of this work include the lack of structured def-

initions and time frames for infectious complications of nontradi-
tional surgical procedures. This is a shared limitation for many
surveillance methodologies, which we addressed by using content
experts for chart review. In addition, we had only 1 expert review
each case, so we were unable to test reliability. Second, by not re-
viewing larger fractions of the ICD-9-positive or -negative query
cohorts, our estimate may be subject to sampling bias. However,
we chose the reviewed charts randomly to minimize this potential
bias and sampled 8% of all procedures, including >25% of those
identified by either method. Therefore, we have no reason to be-
lieve that the nonreviewed cohort differs significantly from the rest
of our population. Furthermore, although we only examined cases
with our chosen microbiologic data and a subset of those with our
selected ICD-9 procedure codes, none of the additional 120
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reviewed charts with neither identification source were classified
as infections. Therefore, we believe this series of queries captured
the vast majority of true infections. Next, we were unable to deter-
mine the “case mix” of initial and follow-up procedures for this
cohort, and infection rates have been shown to differ between
first-time implanted devices and re-implantations [7, 23]. Future
work should focus on procedure type to better define rates for pri-
mary versus revision procedures. Finally, this was a retrospective
review of procedures from a single academic center; a prospective,
multicenter validation of our query tool is needed.

CONCLUSIONS

In conclusion, electronic queries with combinations of specific
ICD-9 codes and microbiologic data can be created and have
good test performance characteristics for identifying likely infec-
tious complications of CIED procedures. Future work on pro-
spective validation of these queries and integration of these and
similar strategies into broader surveillance efforts should improve
patient safety after nontraditional procedures and inform future
quality improvement and assessment practices.

Supplementary Material

Supplementary material is available online at Open Forum Infectious Dis-
eases (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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