
infection control and hospital epidemiology june 2014, vol. 35, no. 6

o r i g i n a l a r t i c l e

The Utility of Claims Data for Infection Surveillance following
Anterior Cruciate Ligament Reconstruction

Michael V. Murphy, BA;1 Dongyi (Tony) Du, MD, PhD;2 Wei Hua, MD, PhD;2 Karoll J. Cortez, MD, MHS;3

Melissa G. Butler, PharmD, MPH, PhD;4 Robert L. Davis, MD, MPH;4 Thomas DeCoster, MD;5 Laura Johnson, MD;6

Lingling Li, PhD;1 Cynthia Nakasato, MD;7 James D. Nordin, MD, MPH;8 Mayur Ramesh, MD;6 Michael Schum, PhD;9

Ann Von Worley, RN, BSHS;9 Craig Zinderman, MD, MPH;2 Richard Platt, MD, MSc;1 Michael Klompas, MD, MPH1

objective. To explore the feasibility of identifying anterior cruciate ligament (ACL) allograft implantations and infections using claims.

design. Retrospective cohort study.

methods. We identified ACL reconstructions using procedure codes at 6 health plans from 2000 to 2008. We then identified potential
infections using claims-based indicators of infection, including diagnoses, procedures, antibiotic dispensings, specialty consultations, emer-
gency department visits, and hospitalizations. Patients’ medical records were reviewed to determine graft type, validate infection status,
and calculate sensitivity and positive predictive value (PPV) for indicators of ACL allografts and infections.

results. A total of 11,778 patients with codes for ACL reconstruction were identified. After chart review, PPV for ACL reconstruction
was 96% (95% confidence interval [CI], 94%–97%). Of the confirmed ACL reconstructions, 39% (95% CI, 35%–42%) used allograft
tissues. The deep infection rate after ACL reconstruction was 1.0% (95% CI, 0.7%–1.4%). The odds ratio of infection for allografts versus
autografts was 0.41 (95% CI, 0.19–0.78). Sensitivity of individual claims-based indicators for deep infection after ACL reconstruction ranged
from 0% to 75% and PPV from 0% to 100%. Claims-based infection indicators could be combined to enhance sensitivity or PPV but not
both.

conclusions. While claims data accurately identify ACL reconstructions, they poorly distinguish between allografts and autografts and
identify infections with variable accuracy. Claims data could be useful to monitor infection trends after ACL reconstruction, with different
algorithms optimized for different surveillance goals.
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Twenty percent of the 100,000 anterior cruciate ligament
(ACL) surgeries performed each year in the United States use
allograft tissue recovered from deceased human donors.1-5 The
risk of transmitting infections via allograft tissues is thought
to be extremely low, but product recalls and case reports serve
as reminders that allograft tissues do confer some risk of
infection.6-17 Determining the extent of the infection risk is
challenging because there is no centralized process in the
United States to identify and track all infections following
allograft tissue implantations. The Food and Drug Admin-
istration requires manufacturers to report serious infections
following tissue implantation; however, manufacturers de-
pend on clinicians to voluntarily report this information.18

The true number of infections may be underestimated by
passive reporting and confounded by misattribution of in-
fections with common organisms to surgical procedures
rather than to allograft tissues.

Automated surveillance systems could complement passive
reporting by monitoring infections after tissue implantations
and detecting unusual increases that might signal problems
with allograft tissues, prompting more directed investigation.
Insurance claims are a promising source for automated post-
operative infection surveillance since they include diagnosis,
procedure, and prescription data for all encounters and set-
tings, regardless of timing or location. Insurance claims analyses
can substantially increase surgical site infection case detection
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table 1. Sampling Strategy for Medical Record Review

Patients
identified, N

Records
sampled, N (%)

Infection indicators employed for sampling strategy
Diagnosis, procedure, or infectious disease consult (with or without microbiology test

and/or high-probability antibiotic)a 842 519 (62)
Microbiology test and high-probability antibiotica (no diagnosis, procedure, or consult) 81 58 (72)
High-probability antibiotica alone 463 332 (72)
Microbiology test alone 393 176 (45)
None 9,999 959 (9.6)

All infection indicators
Diagnosis (any) 467 280 (60)
High-probability diagnosis 366 258 (70)
Procedure 443 268 (61)
Microbiology test 548 287 (52)
Antibiotics (any) 1,695 710 (42)
High-probability antibiotica 691 479 (69)
Infectious disease consult 41 32 (78)
Emergency department visit 890 280 (31)
Hospitalization 1,142 314 (28)

a Started at least 3 days after surgery and continued for at least 7 days.

compared with traditional hospital-based surveillance.19-26 Rou-
tine analysis of large claims-based data sets—such as those
maintained by Medicare, Medicaid, Veterans Affairs, health
maintenance organizations, and commercial insurers—could
provide a window into infection rates in allograft versus au-
tograft tissues.

To evaluate the utility of claims data for infection sur-
veillance after ACL reconstruction, we conducted a study to
assess their accuracy to (1) detect ACL reconstruction sur-
geries, (2) distinguish between allograft and autograft tissue
implants, and (3) detect infections following ACL reconstruc-
tions. We also explored the utility of combining different
kinds of claims data to enhance their sensitivity and positive
predictive value (PPV) for infections following ACL recon-
structions.

methods

Setting and Population

We used claims data from 6 US health plans that participate
in the HMO Research Network: Harvard Pilgrim Health Care,
HealthPartners Institute for Education and Research, Henry
Ford Health System, LCF Research, Kaiser Permanente Geor-
gia, and Kaiser Permanente Hawaii. The claims include data
on enrollment, procedures, diagnoses, outpatient pharmacy
dispensings, inpatient encounters, and outpatient encounters.
Institutional review boards at each site approved the study.

Identifying ACL Reconstructions

We used Current Procedural Terminology (CPT) code 29888
(arthroscopically aided ACL repair) and International Class-
ification of Diseases, Ninth Revision (ICD-9) procedure code
81.45 (other repair of the cruciate ligaments) to identify all

patients undergoing ACL reconstruction surgeries in partic-
ipating health plans between January 1, 2000, and December
31, 2008. There is no procedure code specific for allograft
placement, so we investigated whether the presence or ab-
sence of concurrent procedure codes for graft recovery might
be used to identify surgeries involving implantation of au-
tograft tissue.

Identifying Possible Infections

Potential infections were identified on the basis of suggestive
diagnosis codes, procedure codes, antibiotic dispensings, in-
fectious disease consults, hospitalizations, or emergency de-
partment visits within 1–90 days following the index surgery.
We excluded potential infection indicators if they were present
in the patients’ claims records in the year prior to the initial
surgery. Antibiotic dispensing indicators were limited to an-
tibiotics started at least 3 days following surgery and contin-
ued for at least 7 days to minimize false positive signals from
antibiotics prescribed for perioperative prophylaxis. Diag-
noses and antibiotics were classified by presumptive organism
type (bacteria, virus, fungus, parasite). Infection management
procedures and microbiology lab tests were classified as ge-
neric or allograft specific as well as by presumptive organism
type (see code lists and classifications, available online).

Medical Record Review

We requested medical records for a sample of the 11,778
patients with codes for ACL reconstruction to confirm
whether the patient had an ACL reconstruction, to determine
whether allograft or autograft tissue was implanted, and to
assess postoperative infections. A hierarchical stratified sam-
pling strategy was used to sample records of patients judged
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table 2. Sensitivity and Positive Predictive Value (PPV) of Procedure Codes

Code Identified Revieweda Reconstruction (%) Sensitivity (95% CI) PPV (95% CI)

ACL reconstruction
CPT 29888 or ICD-9 81.45 11,778 1,744 1,676 (96) NA 96 (94–97)
CPT 29888 (with or without ICD-9 81.45) 11,060 1,606 1,550 (97) 94 (94–94) 96 (94–98)
ICD-9 81.45 (with or without CPT 29888) 4,145 628 605 (96) 35 (34–35) 97 (95–98)
CPT 29888 and ICD-9 81.45 3,427 490 479 (98) 28 (28–29) 97 (95–99)

ACL reconstruction with allograft
CPT 29888 or ICD-9 81.45 11,778 1,670 529 (32) NA 37 (33–41)
CPT 29888 (with or without ICD-9 81.45) 11,060 1,540 490 (32) 95 (94–97) 38 (34–42)
ICD-9 81.45 (with or without CPT 29888) 4,145 602 215 (36) 34 (30–38) 37 (31–42)
CPT 29888 and ICD-9 81.45 3,427 472 176 (37) 29 (26–33) 39 (33–44)

note. Data are no. of patients, unless otherwise indicated. ACL, anterior cruciate ligament; CI, confidence interval; CPT, Current
Procedural Terminology; ICD-9, International Classification of Diseases, Ninth Revision; NA, not applicable.
a For ACL reconstruction, medical records with sufficient information to confirm or refute ACL reconstruction. For ACL reconstruction
with allograft tissue, medical records with sufficient information to confirm allograft or autograft tissue implanted or confirmed non-
ACL reconstruction.

a priori to have a higher probability of infection (Table 1).
Successive sampling strata were nonoverlapping and excluded
all patients identified by higher probability strata. We selected
2,044 medical records for review (17% of the 11,778 patients
with ACL reconstruction codes), including 1,085 records with
infection indicators and 959 records without any infection
indicators (to facilitate calculating sensitivities).

Medical records at each site were reviewed by trained nurse
abstractors using a standardized abstraction form. An infec-
tious disease physician adjudicated unclear cases. Postoper-
ative infections were assessed using the Centers for Disease
Control and Prevention’s National Healthcare Safety Network
definitions for surgical site infections.27 For surgeries using
an autograft, only infections of the implant site were included.
Antibiotics used to treat wound redness or erythema were
considered presumptive evidence for superficial infection. We
limited the postoperative risk window for deep and organ/
space infections (ie, involving tissues deeper than the skin)
to 6 months rather than 1 year since prior studies have shown
that almost all infections occur within 180 days of surgery.3,4,28

Statistical Analyses

We calculated the sensitivity and PPV of each potential
claims-based infection indicator. We used inverse probability
weighting to correct for differences in the percentage of pa-
tients sampled in each stratum. Specifically, for each com-
bination of site and sampling strata, we calculated the number
of patients identified via claims and the number of medical
records reviewed. We then projected the total number of in-
fections in the strata as patients identified # (true infections/
records reviewed). For each infection indicator, we summed
the number of patient records identified across all strata and
summed the estimated number of true infections across all
strata. We estimated sensitivity by dividing the estimated
number of infections among patients with the infection in-
dicator by the estimated total number of infections in the
entire study population. We estimated PPV by dividing the

estimated number of true infections by the number of patient
records identified for each infection indicator.

We estimated the number of ACL reconstructions within
each stratum as estimated grafts p patients identified #
(confirmed grafts/records reviewed). The number of infec-
tions for each graft type (allograft or autograft) was estimated
within each stratum as estimated infections p estimated
grafts # (infections with graft type/records reviewed with
graft type). We then summed across all strata and divided
the estimated infections by the estimated grafts to obtain
graft-specific infection rates.

For all estimations described in this section, we generated
95% confidence intervals (CIs) for infection rates and the
odds ratio of infection by graft type using Monte Carlo sim-
ulations. Specifically, we simulated the number of infections
for each stratum using multinomial distributions and prob-
abilities estimated from the observed data. We repeated this
process 100,000 times and derived 95% CIs from the resulting
2.5 and 97.5 percentiles. All analyses were performed using
SAS (ver. 9.3; SAS Institute).

Developing Optimized Infection-Finding Algorithms

After assessing individual infection indicators, we combined
infection indicators to maximize sensitivity and PPV for deep
and organ/space infections (deep infections). We focused on
deep infections as a combined outcome since diagnoses of
superficial infection can be highly subjective and deep infec-
tions may provide more objective and quantifiable
findings.29,30

To optimize PPV, we combined candidate criteria using
“and” statements; to maximize sensitivity, we combined mul-
tiple high PPV criteria using “or” statements. We used the
data from 4 study sites (hereafter derivation sites) to derive
combination algorithms and then validated them using data
from the remaining 2 sites (hereafter validation sites). We
calculated 95% CIs for these algorithms using the Monte
Carlo simulations described above with 50,000 replications.
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table 3. Sensitivity and Positive Predictive Value (PPV) of Potential Infection Indicators for Deep
Infections

Patients
identified

Records
reviewed N (%)

Sensitivity
(95% CI)

PPV
(95% CI)

Any infection indicator 3,570 910 61 (6.7) 93 (90–98) 3.4 (2.4–4.7)
Infection diagnosis

Any 467 215 57 (27) 68 (56–84) 22 (17–28)
Unspecified 356 195 56 (29) 63 (51–79) 24 (18–30)
Bacteria 81 55 45 (82) 43 (32–59) 74 (61–90)
Fungus 14 10 2 (20) 1.5 (0.0–3.0) 18 (0.0–27)

Micro test
Any 548 216 33 (15) 51 (37–73) 12 (6.9–16)
Unspecified 332 140 29 (21) 51 (24–64) 21 (8.9–23)
Bacteria 284 108 22 (20) 35 (23–51) 17 (8.1–22)
Fungus 62 25 0 (0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Infection management procedure
Any 443 222 47 (21) 75 (65–88) 23 (15–32)
Allograft specific 313 159 38 (24) 62 (51–76) 26 (18–36)

Antibiotic
Any 1,695 518 51 (9.8) 63 (47–82) 5.0 (3.5–7.0)
Bacteria 1,623 504 51 (10) 63 (47–82) 5.3 (3.7–7.3)
Fungus 54 18 2 (11) 1.5 (0.0–2.2) 9.1 (0.0–9.1)

High-probability antibiotica

Any 691 347 45 (13) 59 (36–89) 12 (6.7–16)
Bacteria 677 341 44 (13) 59 (35–89) 12 (6.7–17)
Fungus 17 9 2 (22) 1.5 (0.0–2.2) 20 (0.0–20)

Infectious disease consult 41 31 18 (58) 14 (9.2–21) 52 (37–63)
Emergency department visit 890 212 25 (12) 35 (24–47) 5.2 (3.6–6.7)
Hospitalization 1,142 257 44 (17) 50 (36–66) 6.0 (4.4–7.7)

note. Data are no. of patients, unless otherwise indicated. CI, confidence interval.
a Started at least 3 days after surgery and continued for at least 7 days.

results

We identified 11,778 patients with a procedure code for ACL
reconstruction, requested 2,044 medical records, and received
1,752 for review. On review, 1,744 medical records had suf-
ficient information to confirm or refute ACL reconstruction,
and 1,676 were confirmed to be ACL reconstructions (PPV,
96% [95% CI, 94%–97%]). Sensitivity and PPV of the most
common procedure code, CPT 29888, was 94% (95% CI,
94%–94%) and 96% (95% CI, 94%–98%) respectively (Table
2). Only a small fraction of autograft surgeries had concurrent
procedure codes for graft recovery (4%); hence, the absence
of these codes did not enhance sensitivity or PPV for use of
an allograft.

On the basis of medical record review of the 1,676 con-
firmed ACL reconstructions, 529 used allografts, 1,073 used
autografts, and 74 were indeterminate. The PPV of CPT
29888 or ICD-9 81.45 for identifying ACL reconstruction
using allograft tissue was 37% (95% CI, 33%–41%). Sensi-
tivity and PPV of CPT 29888 for ACL reconstruction using
allograft tissue was 95% (95% CI, 94%–97%) and 38% (95%
CI, 34%–42%) respectively (Table 2). After correcting for
sampling weights, we project that 39% (95% CI, 35%–42%)
of ACL reconstructions used an allograft.

On review of 1,471 medical records where ACL reconstruc-
tion was confirmed and with data on graft type and infection
status, we found 55 deep infections. After correcting for sam-
pling weights, we projected 118 deep infections after ACL
reconstruction among the entire population for a net deep
infection rate of 1.0% (95% CI, 0.7%–1.4%) in the 6 months
following surgery. Of these, 25 were projected to be in al-
lograft tissue recipients (net allograft infection rate, 0.5%
[95% CI, 0.3%–0.8%]) and 93 in autograft recipients (net
autograft infection rate, 1.3% [95% CI, 0.8%–1.9%]). The
difference between these 2 rates was significant (odds ratio
for allograft vs autograft infection, 0.41 [95% CI, 0.19–0.78]).

The sensitivity and PPVs for potential claims-based infec-
tion indicators are presented in Table 3. Of the 11,778 patients
with procedure codes for ACL reconstruction, 3,570 (30%)
had 1 or more potential infection indicators. Overall, the
presence of any infection indicator detected 93% of cases,
but only 3.4% of patients identified had confirmed deep in-
fections. There was a trade-off between sensitivity and PPV.
The most sensitive individual indicators were infection man-
agement procedures (75% [95% CI, 65%–88%]), infection
diagnosis codes (68% [95% CI, 56%–84%]), antibiotic dis-
pensings (63% [95% CI, 47%–82%]), and microbiology tests
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table 4. Combination Algorithms with the Highest Sensitivity for Deep Infections

Derivation sites Validation sites

Sensitivity
(95% CI)

PPV
(95% CI)

Sensitivity
(95% CI)

PPV
(95% CI)

Diagnosis, bacteria or infection management procedure or ID consult 84 (72–98) 26 (19–33) 78 (66–100) 19 (6.0–36)
Diagnosis, bacteria or ([infection management procedure or ID consult] and

[hospitalization or antibiotic sustaineda or micro test, unspecified]) 66 (55–82) 44 (34–54) 69 (46–100) 41 (14–75)
Diagnosis, bacteria or (micro test and bacterial antibiotic) or (infection

management procedure and bacterial antibiotic) or ID consult 69 (56–84) 25 (20–30) 59 (42–100) 17 (6.7–29)
Infection management procedure and diagnosis 51 (41–65) 65 (52–75) 53 (32–100) 52 (20–83)
Antibiotic, sustaineda and diagnosis 49 (39–63) 42 (34–49) 52 (20–100) 41 (16–66)
Diagnosis, bacteria or (micro test and bacterial antibiotic) 58 (47–73) 26 (21–31) 51 (33–100) 19 (7.9–32)
Infection management procedure and micro test, unspecified 32 (23–43) 51 (36–66) 51 (0–85) 94 (0–100)
Antibiotic, sustaineda and high-risk diagnosis 48 (38–62) 45 (36–52) 50 (20–100) 41 (17–66)
Infection management procedure and diagnosis, unspecified 50 (40–64) 72 (58–83) 48 (30–100) 50 (19–82)
Antibiotic, sustaineda and diagnosis, unspecified 46 (37–60) 46 (38–54) 47 (18–100) 40 (16–64)

note. Data are sorted by sensitivity in the validation sites. CI, confidence interval; ID, infectious disease; PPV, positive predictive value.
a ≥7 days to first new prescription flag and ≥7 days supplied.

(51% [95% CI, 37%–73%]); all had PPVs below 30%. Con-
versely, potential infection indicators with the highest PPV
were bacterial diagnosis codes (74% [95% CI, 61%–90%])
and infectious disease consultation (52% [95% CI, 37%–
63%]); both had sensitivities below 50%.

We experimented with combining potential infection in-
dicators to maximize sensitivity and PPV. We were able to
develop combination algorithms that improved sensitivity
(Table 4) or PPV (Table 5) but not both. The most sensitive
combination algorithm (bacterial diagnosis code or infection
management procedure or infectious disease consult) de-
tected 84% (95% CI, 72%–98%) of deep infections in the
derivation sites but with a PPV of only 26% (95% CI, 19%–
33%). On validation in 2 independent sites, sensitivity was
78% (95% CI, 66%–100%), and PPV was 19% (6.0%–36%).
The algorithm for infection management procedure and mi-
crobiology test, unspecified organism had the highest PPV in
the validation sites, 94% (95% CI, 0%–100%) with sensitivity
of 51% (95% CI, 0%–85%), but had a PPV of only 51%
(95% CI, 36%–66%) with sensitivity of 32% (95% CI, 23%–
43%) in the derivation sites.

discussion

Our study provides an estimate of allograft tissue use in ACL
reconstruction and infection rates by graft type and illustrates
the potential benefits and limitations of using claims data for
active surveillance for allograft tissue infections. This is the
largest multicenter study of infections following ACL surgery
to date and likely the first study to use insurance claims data
as a primary means to investigate infections after ACL re-
construction. Claims data can accurately identify ACL re-
construction surgery, but medical records must be reviewed
to determine whether allograft or autograft tissue was im-
planted. Individual indicators found in claims data (eg, di-
agnosis or procedure codes, antibiotic dispensings) can iden-

tify deep infections after ACL reconstruction, but with many
false positives. Combining different indicators can optimize
either sensitivity or PPV for infections but not both.

Our estimated rate of deep infections (1.0%) is consistent
with previously reported rates ranging from 0.14% to
1.7%.3,28,31-40 As in previous studies,3,28,37 we did not find an
elevated rate of infections in allograft tissue recipients, sug-
gesting that the risk of infection transmission from allograft
tissues is small. Decreased surgical time, less extensive tissue
dissection, and less graft preparation are possible explanations
for decreased infection risk among allograft recipients, al-
though clinical and procedural factors influencing surgeons’
graft choices may confound this association.3,28

Our findings are also consistent with previous reports on
the utility of claims data for surgical site infection surveil-
lance. Two studies that explored multiple algorithms found
similar trade-offs between sensitivity and PPV. One used data
from a commercial health plan to identify all nonobstetric
procedures from 1 hospital. Their initial algorithm resulted
in 92% sensitivity and 21% PPV for any infection. Modifying
the algorithm increased PPV to 48% but dropped sensitivity
to 74%.19 Another study used data from 2 commercial health
plans to identify breast surgeries and data from 1 health plan
to identify cesarean sections.20 Their least restrictive algorithm
had 18% PPV for any infection after breast surgery (sensitivity
not reported). A more restrictive algorithm increased PPV to
50% but found only 26% of infections identified by the least
restrictive algorithm. For cesarean sections, the least restric-
tive algorithm had 32% PPV for any infection (sensitivity not
reported). The more restrictive algorithm increased PPV to
44% but found only 37% of infections identified by the least
restrictive algorithm.

Other studies have shown similar potential and limitations
of claims data for infection surveillance. One used ICD-9
diagnosis codes from inpatient and outpatient Medicare
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table 5. Combination Algorithms with the Highest Positive Predictive Value (PPV) for Deep Infections

Derivation sites Validation sites

Sensitivity
(95% CI)

PPV
(95% CI)

Sensitivity
(95% CI)

PPV
(95% CI)

Infection management procedure and micro test, unspecified 32 (23–43) 51 (36–66) 51 (0–85) 94 (0–100)
Infection management procedure and micro test, bacteria 26 (18–35) 60 (41–77) 29 (0–72) 67 (0–100)
Infection management procedure and micro test 37 (28–49) 54 (39–67) 41 (0–96) 65 (0–100)
Infection management procedure and diagnosis, bacteria 38 (30–50) 88 (74–97) 29 (12–69) 61 (24–95)
Diagnosis, bacteria or ([ID consult] and [hospitalization or infection

management procedure or micro test, unspecified]) 47 (37–61) 80 (68–89) 37 (18–96) 54 (28–91)
Infection management procedure and diagnosis 51 (41–65) 65 (52–75) 53 (32–100) 52 (20–83)
Diagnosis, bacteria or (infection management procedure and antibiotic,

sustaineda and hospitalization) 50 (39–65) 86 (74–94) 39 (19–98) 51 (25–89)
Infection management procedure and diagnosis, unspecified 50 (40–64) 72 (58–83) 48 (30–100) 50 (19–82)
ID consult and diagnosis 17 (12–22) 78 (58–89) 8.3 (3.7–34) 50 (50–50)
Infection management procedure and hospitalization 46 (36–59) 57 (43–69) 34 (12–80) 49 (15–80)

note. Data are sorted by PPV in the validation sites. CI, confidence interval; ID, infectious disease.
a ≥7 days to first new prescription flag and ≥7 days supplied.

claims to identify infections after a variety of surgeries at
more than 200 hospitals and found 48% sensitivity for deep
infections with 24% PPV.21 Another study using Medicare
claims identified coronary artery bypass grafting patients and
used diagnosis and procedure codes to identify infections.22

Using data from 671 hospitals and reviewing medical records
from 20% of hospitals, their algorithm had 21% PPV for
deep infections (sensitivity not reported).

Our results need to be interpreted within the context of
the study’s limitations. We were unable to retrieve all re-
quested medical records, and some records had incomplete
information. We compared patients with retrievable and non-
retrievable medical records on age, sex, year of surgery, and
presence of infection indicators. Among all these parameters,
only antibiotic dispensings were more common among pa-
tients whose infection status could not be confirmed (41%
vs 33%; P p .002). However, there was no difference in the
frequency of antibiotic dispensings in patients with allografts
versus autografts; hence, this factor is unlikely to have led to
differential misclassification of infections. Another potential
limitation is our decision to search for infections in the med-
ical record up to 6 months after surgery rather than 1 year,
per National Healthcare Safety Network criteria. However, on
the basis of prior studies, we expect to identify almost all
infections in this time frame.3,4,28 In our study, 98% of con-
firmed deep infections occurred with 90 days. Finally, we note
potential sources of error in claims data, including failure to
capture some important transactions (eg, use of low-cost ge-
neric antibiotics rather than claiming the cost from insurance)
or loss of follow-up due to loss of insurance or change in
insurance carrier.

Our results show that while routine analysis of claims data
is an imperfect strategy to monitor for infections after allo-
graft tissue implantation, it could be a reasonable approach
if algorithms are optimized to enhance sensitivity or predic-

tive value, depending on the surveillance goal. A high-sen-
sitivity algorithm could serve as a screening tool to identify
cases with a high likelihood of infection for targeted medical
record reviews. Conversely, high PPV algorithms could be
used to monitor for unusual changes in infection rates, which,
if detected, might prompt further investigation. Even algo-
rithms with low to moderate PPV can make medical record
review much more efficient. We estimate that with blind sam-
pling, one would need to review 100 records to identify 1
deep infection. Using our highest-sensitivity algorithm, which
had a PPV of 23% across all sites, one need review only an
average of 4 or 5 medical records to find 1 case.

Coupling these algorithms with cluster detection statistics
may further increase capacity to detect unusual changes from
baseline infection frequency, prompting more directed in-
vestigation. More broadly, the utility and efficiency of claims
data for allograft tissue safety surveillance could be enhanced
by adding dedicated diagnosis and/or procedure codes for
allografts versus autografts to the coding lexicon. ICD-10
procedure codes do not include such codes, possibly a missed
opportunity. Finally, combining claims data with electronic
health record data—such as microbiology culture results and
natural language parsing of clinicians’ notes—may be a fur-
ther means to refine surveillance.
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