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I. EXECUTIVE SUMMARY
A. OVERVIEW OF PROJECT
The Food and Drug Administration (FDA) Mini-Sentinel contract is a pilot program that aims to conduct
active surveillance to detect and refine safety signals that emerge for marketed medical products. To
perform this active surveillance, it is necessary to develop and understand the validity of algorithms for
identifying health outcomes of interest in administrative data. Thus, the goal of this project was identify
algorithms used to detect selected health outcomes of interest using administrative data sources and
describe the performance characteristics of these algorithms as reported by the studies in which they
were used. This report summarizes the process and findings of the infections related to blood products,
tissue grafts, or organ transplants algorithm review.

B. SUMMARY OF FINDINGS
Only one study was identified that validated a coding algorithm for infections in recipients of blood
products or tissue grafts, which was a study specific to aspergillosis in transplant recipients. Sixteen
studies were identified that studied infections, broadly or specifically defined, in these patients. None of
them referenced a validated definition for infections related to blood products or tissue grafts.

C. RECOMMENDATION FOR ALGORITHMS AND SUGGESTION FOR FUTURE RESEARCH
We are unable to provide clear recommendations regarding algorithms that would be acceptable for the
study of infections related to blood products, tissue grafts, or organ transplants given the lack of
validation studies identified for this review. Aspergillosis was the only validated infection outcome in
transplant recipients.6 One code for aspergillosis had a sensitivity of 63% and PPV of 71%, and another
code for pneumonia with aspergillosis had sensitivity of 37%, which would likely be considered
suboptimal, but a PPV of 88%. Codes without aspergillosis in the description had much lower positive
predictive values, and their sensitivity was also much lower unless combined with the other codes. The
combination of the codes with aspergillosis in the description might be useful for studying this outcome,
though validation statistics for the combination of only these two codes were not provided.
A number of algorithms for identifying any infection or any hospitalization for infection were described,
but none referenced a validation study so the performance characteristics are unknown.
Future work should focus on the validity of a broader set of infection diagnoses if infection is to be
studied as a general outcome. If specific infection types are of interest, then the validity of these codes
for these specific infection types should be determined.
The code for allogeneic blood transfusion was found to have an acceptable sensitivity (83%) and positive
predictive value in one single center study.12 No validation studies of codes for organ transplantation
were referenced by the studies reviewed in this report. Many used the United States Renal Data System,
which includes registry data on renal transplant recipients but prohibits review of medical records.
Future efforts to identify validation studies might consider expanding the search to identify studies that
may have validated infection codes separately from those validating codes for transfusion, tissue graft,
or organ transplants. Though the validation statistics for infection may differ in a population that did not
receive these procedures, it may be possible to infer something about the performance of the
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algorithms in this way. Alternatively, it may be necessary to perform a new validation study of an
algorithm for identifying infections related to transfusion, tissue grafts, or organ transplants. In a
separate report on sepsis or septicemia related to blood transfusions, validated algorithms for sepsis
and transfusions were reported separately since no study specifically validating sepsis in transfusion
recipients was identified.
A final consideration is that it may be challenging to determine whether an infection is related to a
blood transfusion, tissue graft, or organ transplant. Some blood transfusions and all tissue grafts or
organ transplants are received in the context of an operation, and blood transfusions may be used in
patients who have experienced trauma. These types of patients are already at increased risk of infection
due to the surgery or trauma, so delineating the source of infection can be difficult. A validation study
might focus on specific types of infections thought to be commonly related to transfusions, tissue grafts,
or organ transplants, or make special efforts in chart review to determine whether the infection
appeared related to these exposures. Immunosuppressant medication-related infection is another
classification of infection that might be considered distinctly from those infections carried by blood,
tissues, and organs in these groups of patients.

II. PROJECT OBJECTIVES
The primary objective of this project was to identify studies that have validated algorithms used to
identify various health outcomes of interest (HOIs) using administrative data from the United States or
Canada, and to summarize the results of those validation studies. If fewer than five validation studies
were identified, a secondary objective was to identify non-validated algorithms that have been used to
identify the HOIs using administrative data.

III. BACKGROUND
The Food and Drug Administration (FDA) Mini-Sentinel contract is a pilot program that aims to conduct
active surveillance to detect and refine safety signals that emerge for marketed medical products. In
order to perform this work, the program needed to identify algorithms used to detect various health
outcomes of interest using administrative data sources and identify the performance characteristics of
these algorithms as measured in the studies in which they were used. The data sources of interest were
limited to those from the United States or Canada to increase their relevance to the Mini-Sentinel data
sources, which are all from the United States. The Mini-Sentinel Protocol Core developed a preliminary
list of approximately 140 potential health outcomes of interest, based on several criteria. These criteria
included: 1) previous validation studies had been identified in a textbook chapter reviewing the validity
of drug and diagnosis data used in pharmacoepidemiologic studies1, 2) a list of designated medical
events from a proposed FDA rule on the safety reporting requirements for human drug and biological
products2, 3) the Observational Medical Outcomes Partnership (OMOP) i had commissioned reports on
algorithms used to identify the health outcome using administrative data.3

i

For more information, visit the OMOP website.
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From the original list of 140 HOIs, the Protocol Core worked with FDA to select 20 for which reviews of
algorithms would be completed. HOIs for which OMOP had already commissioned reports were
purposefully excluded in order to avoid duplication of effort.
Infection related to blood products or tissue grafts was one of the 20 HOIs selected for review. This
report describes the review process and findings for infection related to blood product or tissue grafts
definition algorithms. Because the search process also included terms to identify organ transplantrelated infections, the title and content have been modified to reflect that addition.

IV. METHODS
A. SEARCH STRATEGY
The general search strategy was developed based on prior work by OMOP and its contractors, and
modified slightly for these reports. Originally, OMOP contracted with two organizations to perform
reviews of 10 HOIs. Because the search strategies used by each organization resulted in very different
sets of articles, OMOP investigators reviewed the PubMed indexing of the articles deemed useful in final
reports and developed a strategy that would identify the majority of these citations while maintaining
efficiency in the number of abstracts that would need to be reviewed. Mini-Sentinel investigators made
minor changes to this strategy that would result in the identification of more citations, and confirmed
empirically that the majority of relevant articles from one set of OMOP reports (angioedema)4,5 would
be identified using this approach. The base search strategy was then combined with PubMed terms
representing the HOIs. Medical subject heading (MeSH) terms were generally preferred as HOI search
terms due to their likely specificity. Text word searches were sometimes used, particularly when the
MeSH search resulted in a small number of citations for review. The workgroup also searched the
database of the Iowa Drug Information Service (IDIS) using a similar search strategy to identify other
relevant articles that were not found in the PubMed search. For a limited number of outcomes where
very few citations were identified from PubMed and IDIS searches, Embase searches were conducted.
Search results were restricted to articles published on or after January 1, 1990.
University of Iowa investigators compiled the search results from different databases and eliminated
duplicate results using a citation manager program. The results were then output into two sets of files,
one containing the abstracts for review and the other for documenting abstract review results.
The search strategy and results for infections related to blood products, tissue grafts, or organ
transplants are detailed in the Results section. The PubMed search was conducted on June 23, 2010, and
the IDIS search on May 10, 2010.

B. ABSTRACT REVIEW
1. Abstract Review Methods
Each abstract was reviewed independently by two investigators to determine whether the full-text
article should be reviewed. Initially, 30 abstracts were randomly selected for review so that reviewers
could discuss the results and resolve common reasons for disagreement prior to proceeding with all the
reviews. Exclusion criteria were documented sequentially (i.e., if exclusion criterion 1 was met then the
other criteria were not documented). If the reviewers disagreed on whether the full-text should be
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reviewed, then it was selected for review. Inter-rater agreement on whether to include or exclude an
abstract was calculated using a Cohen’s kappa statistic. The goal was to review any administrative
database study that used data from the United States or Canada and studied the HOI, as validation
components of studies are not necessarily included in the abstract and other relevant citations might be
identified from the references of such studies.

2. Abstract Exclusion Criteria
1. Did not study the HOI.
2. Not an administrative database study. Eligible sources included insurance claims databases as
well as other secondary databases that identify health outcomes using billing codes.
3. Data source not from the United States or Canada.

C. FULL-TEXT REVIEW
1. Full-Text Review Methods
Full-text articles were reviewed independently by two investigators, with a goal of identifying validation
studies described in the article itself or from the reference section of the article. Citations from the
article’s references were selected for full-text review if they were cited as a source for the HOI
algorithm, or were otherwise deemed likely to be relevant. Abstract exclusion criteria were also applied
to in the full-text reviews. Full-text review exclusion criteria were applied sequentially, since if fewer
than 5 validation studies were identified, up to 10 and possibly more of the articles excluded based on
the second criterion would need to be incorporated into the final report. If there was disagreement on
whether a study should be included, the two reviewers attempted to reach consensus on inclusion by
discussion. If the reviewers could not agree, a third investigator would be consulted to make the final
decision.

2. Full-Text Exclusion Criteria
1. Poorly described HOI identification algorithm that would be difficult to operationalize.
2. No validation of outcome definition or reporting of validity statistics.

D. MINI-SENTINEL INVESTIGATOR SURVEY
Mini-Sentinel investigators were surveyed to request information on any published or unpublished
studies that validated an algorithm to identify an HOI in administrative data. Studies that would not be
excluded by one of the aforementioned criteria were included in the final report.

E. EVIDENCE TABLE CREATION
A single investigator abstracted each study for the final evidence table. The data included in the table
were confirmed by a second investigator for accuracy.
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F. CLINICIAN OR TOPIC-EXPERT CONSULTATION
A clinician or topic-expert was consulted to review the results of the evidence table and discuss how
they compare and contrast to diagnostic methods currently used in clinical practice. This included
whether certain diagnostic codes used in clinical practice were missing from the algorithms, and the
appropriateness of the validation definitions compared to diagnostic criteria currently used in clinical
practice. A summary of this consultation was included in the results.

V. RESULTS
A. SEARCH STRATEGY AND RESULTS
The following summarizes the search results obtained from PubMed and IDIS searches. The PubMed
search identified 401 citations, and the IDIS searches identified 2 citations, one of which was also found
in PubMed. The total number of abstracts was 402.
Table 1. PubMed Search Strategy and Results
Search

Query
#1

Results

("Premier"[All] OR "Solucient"[All] OR "Cerner"[All] OR "Ingenix"[All] OR "LabRx"[All] OR
"IHCIS"[All] OR "marketscan"[All] OR "market scan"[All] OR "Medstat"[All] OR "Thomson"[All]
OR "pharmetrics"[All] OR "healthcore"[All] OR "united healthcare"[All] OR
"UnitedHealthcare"[All] OR "UHC"[All] OR "Research Database"[All] OR "Group Health"[All]
OR "HCUP"[All] OR ("Healthcare Cost"[All] AND "Utilization Project"[All]) OR ("Health Care
Cost"[All] AND "Utilization Project"[All]) OR "MEPS"[All] OR "Medical Expenditure Panel
Survey"[All] OR "NAMCS"[All] OR "National Hospital Ambulatory Medical Care Survey"[All]
OR "National Ambulatory Medical Care Survey"[All] OR "NHIS"[All] OR "National Health
Interview Survey"[All] OR "Kaiser"[All] OR "HMO Research"[All] OR "Health Maintenance
Organization"[All] OR "HMO"[All] OR "Cleveland Clinic"[All] OR "Lovelace"[All] OR
"Department of Defense"[All] OR "Henry Ford"[All] OR "i3 Drug Safety"[All] OR "i3"[All] OR
"Aetna"[All] OR "Humana"[All] OR "Wellpoint"[All] OR "IMS"[All] OR "Intercontinental
Marketing Services"[All] OR "IMS Health"[All] OR "Geisinger"[All] OR "GE Healthcare"[All] OR
"MQIC"[All] OR "PHARMO"[All] OR "Institute for Drug Outcome Research"[All] OR
"Pilgrim"[All] OR "Puget Sound"[All] OR "Regenstrief"[All] OR "Saskatchewan"[All] OR
"Tayside"[All] OR "MEMO"[All] OR "Veterans Affairs"[All] OR "Partners Healthcare"[All] OR
"Mayo Clinic"[All] OR "Rochester Epidemiology"[All] OR "Indiana Health Information
Exchange"[All] OR "Indiana Health"[All] OR "Intermountain"[All] OR "blue cross"[All] OR
"health partners"[All] OR "health plan"[All] OR "health services"[All] OR "Nationwide
Inpatient Sample"[All] OR "National Inpatient Sample"[All] OR "medicaid"[All] OR
"medicare"[All] OR "MediPlus"[All] OR "Outcome Assessment"[All] OR "insurance
database"[All] OR "insurance databases"[All] OR "Data Warehouse"[All] OR "ICD-9"[All] OR
“international statistical classification"[All] OR “international classification of diseases"[All]
OR "ICD-10"[All] OR "Database Management Systems"[Mesh] OR "Medical Records Systems,
Computerized"[Mesh] OR "CPT"[All] OR "Current procedural terminology"[All] OR "drug
surveillance"[All] OR (“claims”[tw] AND “administrative”[tw]) OR (“data”[tw] AND
“administrative”[tw]) OR "Databases, Factual"[Mesh] OR "Databases as topic"[Mesh] OR
"Medical Record Linkage"[Mesh] OR "ICD-9-CM"[All Fields] OR "ICD-10-CM"[All Fields] OR
(TennCare [tiab]) OR (RAMQ [tiab]) OR (Cigna [tiab]) OR ((british columbia[tiab]) AND
((health[tiab]) OR (data[tiab]) OR (database[tiab]) OR (population[tiab]))) OR (CIHI [All Fields])
OR ((manitoba[tiab]) AND ((center for health policy[all fields]) OR (population[tiab]) OR
(health insurance[tiab]))) OR ((ontario[tiab]) AND ((population[tiab]) OR (OHIP[tiab]) OR
(registered persons database[tiab]) OR (health insurance [tiab]) OR (ICES[All Fields]) OR
(Institute for Clinical Evaluative Sciences[All Fields]))) OR ((Alberta[tiab]) AND ((health[tiab])
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OR (data[tiab]) OR (database[tiab]) OR (population[tiab]) OR (Alberta Health and Wellness[All
Fields]))) Limits: Humans, English, Publication Date from 1990/01/01 to 2011/01/01
#2

("Editorial"[pt] OR "Letter"[pt] OR "Meta-Analysis"[pt] OR "Randomized Controlled Trial"[pt]
OR "Clinical Trial, Phase I"[pt] OR "Clinical Trial, Phase II"[pt] OR "Clinical Trial, Phase III"[pt]
OR "Clinical Trial, Phase IV"[pt] OR "Comment"[pt] OR "Controlled Clinical Trial"[pt] OR "case
reports"[pt] OR "Clinical Trials as Topic"[Mesh] OR "double-blind"[All] OR "placebocontrolled"[All] OR "pilot study"[All] OR "pilot projects"[Mesh] OR "Review"[pt] OR
"Prospective Studies"[Mesh]) Limits: Humans, English, Publication Date from 1990/01/01 to
2011/01/01

2603891

#3

Search #1 NOT #2 Limits: Humans, English, Publication Date from 1990/01/01 to 2011/01/01

253019

#4

infection Limits: Humans, English, Publication Date from 1990/01/01 to 2011/01/01

431637

#5

"transfusion"[All Fields] OR "Blood Transfusion"[Mesh] OR "graft"[All Fields] OR
"transplant"[All Fields] OR "transplants"[MESH] Limits: Humans, English, Publication Date
from 1990/01/01 to 2011/01/01

181839

#6

Search #3 AND #4 and #5 Limits: Humans, English, Publication Date from 1990/01/01 to
2011/01/01

689

#7

("Pharmaceutical preparations/adverse effects"[Mesh] OR "Pharmaceutical
preparations/contraindications"[Mesh] OR "Pharmaceutical preparations/poisoning"[Mesh]
OR "Pharmaceutical preparations/therapeutic use"[Mesh] OR "Pharmaceutical
preparations/toxicity"[Mesh] OR "Pharmaceutical preparations/therapy"[Mesh] OR
"Pharmaceutical preparations/analysis"[Mesh] OR "Chemical actions and uses/adverse
effects"[Mesh] OR "Chemical actions and uses/contraindications"[Mesh] OR "Chemical
actions and uses/poisoning"[Mesh] OR "Chemical actions and uses/therapeutic use"[Mesh]
OR "Chemical actions and uses/toxicity"[Mesh] OR "Chemical actions and
uses/therapy"[Mesh] OR "Chemical actions and uses/analysis"[Mesh] OR "Chemical actions
and uses/epidemiology"[Mesh] OR "Drug toxicity"[Mesh] OR "Diseases Category/chemically
induced"[Mesh] OR "Diseases Category/drug therapy"[Mesh] OR "Diseases
Category/epidemiology"[Mesh] OR "Validation Studies"[pt] OR "Validation Studies as
Topic"[Mesh] OR "Sensitivity and Specificity"[Mesh] OR "Predictive Value of Tests"[Mesh] OR
"Reproducibility of Results"[Mesh] OR “Predictive Value”[tw]) Limits: Humans, English,
Publication Date from 1990/01/01 to 2011/01/01

1863979

#8

Search #6 AND #7 Limits: Humans, English, Publication Date from 1990/01/01 to 2011/01/01

401
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Table 2. IDIS Search Strategy and Results
All Fields:
("transfusion" or "graft" or "transplant") AND ("Premier" OR "Solucient" OR "Cerner" OR "Ingenix" OR "LabRx" OR "IHCIS" OR
"marketscan" OR "market scan" OR "Medstat" OR "Thomson" OR "pharmetrics" OR "healthcore" OR "united healthcare" OR
"UnitedHealthcare" OR "UHC" OR "GPRD" OR "general practice research database" OR "Research Database" OR "Group
Health" OR "HCUP" OR ("Healthcare Cost" AND "Utilization Project") OR ("Health Care Cost" AND "Utilization Project") OR
"MEPS" OR "Medical Expenditure Panel Survey" OR "NAMCS" OR "National Hospital Ambulatory Medical Care Survey" OR
"National Ambulatory Medical Care Survey" OR "NHIS" OR "National Health Interview Survey" OR "Kaiser" OR "HMO
Research" OR "Health Maintenance Organization" OR "HMO" OR "Cleveland Clinic" OR "Lovelace" OR "Department of
Defense" OR "Henry Ford" OR ("Denmark" AND "Epidemiology") OR "i3 Drug Safety" OR "i3" OR "Aetna" OR "Humana" OR
"Wellpoint" OR "IMS" OR "Intercontinental Marketing Services" OR "IMS Health" OR "Geisinger" OR "GE Healthcare" OR
"MQIC" OR "PHARMO" OR "Institute for Drug Outcome Research" OR "Pilgrim" OR "Puget Sound" OR "Regenstrief" OR
"Saskatchewan" OR "Tayside" OR "MEMO" OR "Medicines Monitoring Unit" OR "Veterans Affairs" OR "Partners Healthcare"
OR "Mayo Clinic" OR "Rochester Epidemiology" OR "Indiana Health Information Exchange" OR "Indiana Health" OR
"Intermountain" OR "THIN" OR "The health improvement network" OR "blue cross" OR "health partners" OR "health plan"
OR "health services" OR "Nationwide Inpatient Sample" OR "National Inpatient Sample" OR "medicaid" OR "medicare" OR
"MediPlus" OR "Outcome Assessment" OR "insurance database" OR "insurance databases" OR "Data Warehouse" OR "ICD9" OR "international statistical classification" OR "international classification of diseases" OR "ICD-10" OR "Database
Management Systems" OR "Medical Records Systems, Computerized" OR "CPT" OR "Current procedural terminology" OR
"drug surveillance" OR ("claims" AND "administrative") OR ("data" AND "administrative") OR "Databases, Factual" OR
"Databases" OR "Medical Record Linkage" OR "ICD-9-CM" OR "ICD-10-CM")
AND
Disease:
"INFECTION, BACTERIAL NEC 041." or "MYCOSIS NEC 117." or "DISEASE, MYCOBACTERIA NEC 031." or "INFECT,
VIRAL/CHLAMYDIA NEC 079." or "ZYGOMYCOSIS 117.7" or "INFECTION, STREPTOCOCCUS NEC 041.0" or "FILARIASIS AND
DRACONTIASIS 125." or "INFECTION, PSEUDOMONAS 041.7" or "INFECTION, MYCOPLASMA NEC 041.81" or "CANDIDIASIS
NEC 112." or "INFECTION NEC 136." or "INFECTION, STREPTOCOCCUS D 041.04" or "INFECTION, STAPHYLOCOCCUS NEC
041.1" or "INFECTION, STREPTOCOCCUS C 041.03" or "INFECTION, VIRAL, HPV 079.4" or "INFECTION, HELICOBACTER PYLORI
041.86" or "HELMINTHIASES NEC 128." or "OPISTHORCHIASIS 121.0" or "PLAGUE NEC 020." or " RICKETTSIOSIS NEC 083." or
"INFECTION, ACTINOMYCOTIC 039." or "INFECTION, POST-OR/TRAUMA 998.5" or "INFECTION, SALMONELLA NEC 003." or
"INFECTION, BLASTOMYCOTIC 116." or "INFECTION, HEMOPHILUS 041.5" or "INFECTION, PROTEUS 041.6" or "INFECTION,
RESP, UPPER NEC 465." or "INFECTION, VIRAL, ADENO 079.0" or "HELMINTHIASIS, INTESTINE NEC 127." or "GIARDIASIS
007.1" or "GLANDERS 024." or "EHRLICHIOSIS CHAFFEENSIS 082.41" or "ALLESCHERIOSIS 117.6" or "AMEBIASIS NEC 006." or
"ANISAKIASIS 127.1" or "ASCARIASIS 127.0" or "DERMATOMYCOSIS NEC 111." or "PITYRIASIS VERSICOLOR 111.0" or
"MELIOIDOSIS 025." or "LISTERIOSIS 027.0" or "TRICHINOSIS 124." or "TRICHURIASIS 127.3" or "DERMATOPHYTOSIS, NAIL
110.1" or "FOOD POISON, BACTERIAL NEC 005." or "COCCIDIOSIS 007.2" or "ANCYLOSTOMIASIS/NECATORIASIS 126." or
"INFECTION, URINARY TRACT 599.0" or "INFECTION, STREPTOCOCCUS B 041.02" or "INFECTION, STREPTOCOCCUS A 041.01"
or "INFECTION, HIV, ASYMPTOMATIC V08." or "INFECTION, INTEST, VIRUS NEC 008.6" or "INFECTION, MENINGOCOCCAL NEC
036." or "HISTOPLASMOSIS 115." or "INFECTION, CLOSTRIDIUM PERFRIN 041.83" or "PASTEURELLOSIS 027.2" or
"CRYPTOCOCCOSIS 117.5" or "GASTRITIS AND DUODENITIS 535." or "HEPATITIS, VIRAL A 070.0" or "HEPATITIS, VIRAL C
070.51" or "DIPHYLLOBOTHRIASIS 123.4" or "DISEASE, CYTOMEGALIC INCLU 078.5" or "DISEASE, INTEST, PROTOZOAL 007."
or "ECHINOCOCCOSIS 122." or "CRYPTOSPORIDIOSIS 007.4" or "CYCLOSPORIASIS 007.5" or "DERMATOPHYTOSIS NEC 110."
or "COMPLICATION, DEVICE/IMPLANT 996." or "BRUCELLOSIS 023." or "BALANTIDIASIS 007.0" or "BLACK PIEDRA 111.3" or
"INFECTION, GONOCOCCAL, PHARY 098.6" or "INFECTION, ERYSIPELOTHRIX 027.1" or "INFECT, RESP SYNCYTIAL VIRUS
079.6" or "INFECTION, PNEUMOCOCCUS 041.2" or "INFECTION, INTEST, BACT NEC 008." or "HETEROPHYIASIS 121.6" or
"INFECTION, KLEBSIELLA 041.3" or "INFECTION, RHINOVIRUS 079.3" or "INFECTION, TAENIA SOLIUM 123.0" or "INFECTION,
TAENIA SAGINATA 123.2" or "INFECTION, SKIN/SQ NEC 686." or "INFECTIOUS MONONUCLEOSIS 075." or "INFLAMMATION,
JAW 526.4" or "ORNITHOSIS 073." or "PARATYPHOID FEVER 002.9" or "SCHISTOSOMA, JAPONICUM 120.2" or
"SCHISTOSOMIASIS NEC 120." or "SCHISTOSOMA, MANSONI 120.1" or "LOIASIS 125.2" or "MALARIA, OVALE 084.3" or
"MALARIA, VIVAX 084.1" or "INFECTION, VIRAL, ECHO 079.1" or "OMPHALITIS, NEWBORN 771.4" or "TRYPANOSOMIASIS,
AFRICAN 086.5" or "TYPHOID FEVER 002.0" or "TRENCH FEVER 083.1" or "TINEA BLANCA 111.2" or "TOXOCARIASIS 128.0" or
"PNEUMONIA, SYNCYTIAL VIRUS 480.1" or "POLIOMYELITIS, ACUTE NEC 045." or "Q FEVER 083.0" or "STRONGYLOIDIASIS
127.2" or "INFLAMMATION, PELVIC NEC 614." or "INFECTION, HANTAVIRUS 079.81" or "CHOLANGITIS 576.1" or
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"ASPERGILLOSIS 117.3" or "ENTEROBIASIS 127.4" or "DISEASE, ARTHROPOD BORNE NEC 088." or "HERPES, GENITAL 054.1"
or "HERPES, GINGIVOSTOMATITIS 054.2" or "INFECTION, CESTODE NEC 123." or "INFLUENZA 487." or "LEISHMANIASIS,
MUCOCUTANEOUS 085.5" or "SHIGELLOSIS 004." or "STREPTOBACILLARY FEVER 026.1" or "WHOOPING COUGH 033." or
"LEPTOSPIROSIS NEC 100." or "PERITONITIS 567." or "TYPHUS, SCRUB 081.2" or "TUBERCULOSIS, PRIMARY INFECT 010." or
"TOXOPLASMOSIS 130." or "INFECTION, RETROVIRUS NEC 079.5" or "INFECTION, PERINATAL NEC 771." or "HERPES SIMPLEX
NEC 054." or "GANGRENE, GAS 040.0" or "DISORDER, DIGEST, PERINATAL 777." or "CYSTITIS NEC 595." or "CHANCROID
099.0" or "BRONCHITIS NEC 490." or "CONJUNCTIVITIS, NEWBORN 771.6" or "BABESIOSIS 088.82" or "ARTHROPATHY,
INFECTION NEC 711." or "BOTULISM 005.1" or "BARTONELLOSIS 088.0" or "CAPILLARIASIS 127.5" or "DISEASE, PHARYNX NEC
478.2" or "DISEASE, RESP SYST NEC 519." or "FAILURE, RESPIRATORY 799.1" or "FASCIOLOPSIASIS 121.4" or
"GASTROENTERITIS, SALMONELLA 003.0" or "GLOSSITIS 529.0" or "HEPATITIS, VIRAL B 070.2" or "INFECTION, INTEST, E COLI
008.0" or "INFECTION, INTEST, PROTEUS 008.3" or "INFECTION, INTEST, ROTAVIRUS 008.61" or "INFECTION, INTEST,
YERSINIA 008.44" or "INFECTION, KIDNEY NEC 590." or "INFECTION, INTEST, ADENOVIRUS 008.62" or "INFECTION, AMNIOTIC
CAVITY 658.4" or "INFECTION, ESCHERICHIA 041.4" or "INFECTION, GONOCOCCAL NEC 098." or "INFECTION, GONOCOCCAL,
ANUS 098.7" or "INFECTION, GONOCOCCAL, EYE 098.4" or "INFECTION, GONOCOCCAL, GU 098.0" or "INFECTION,
GONOCOCCAL, JOINT 098.5" or "INFECTION, SPIROCHETAL NEC 104." or "INFECTION, STAPH AUREUS 041.11" or "INFECTION,
STREPTOCOCCUS G 041.05" or "LEISHMANIASIS, VISCERAL 085.0" or "INSECT BITE, NONVENOMOUS 919.4" or
"INFLAMMATION, PROSTATE 601." or "INFLAMMATION, MALE GENITAL 608.4" or "INFLAMMATION, BREAST 611.0" or
"INFECTION, VIRAL, COXSACKIE 079.2" or "INFECTION, TREMATODE NEC 121." or "TRICHOMONIASIS, UROGENITAL 131.0" or
"TETANUS 037." or "TINEA NIGRA 111.1" or "SPIRILLARY FEVER, RAT BITE 026.0" or "TUBERCULOSIS, RESP SYST NEC 011." or
"TULAREMIA 021." or "TRICHOSTRONGYLIASIS 127.6" or "TRYPANOSOMIASIS NEC 086.9" or "WOUND, OPEN, HAND/FINGER
882." or "WOUND, OPEN, LIMB, LOWER 894." or "TUBERCULOSIS, LYMPH NODE 017.2" or "PG COMPL-INFECTION NEC 647."
or "PG COMPL-INFECTION, GU 646.6" or "MEDICAL CARE COMPL-INFECTION 999.3" or "MALARIA, FALCIPARUM 084.0" or
"MALARIA, QUARTAN 084.2" or "METAGONIMIASIS 121.5" or "OR-SKIN/SQ TISSUE NEC 86." or "LYME DISEASE 088.81" or
"OSTEOMYELITIS NEC 730." or "TRYPANOSOMIASIS, AMERICAN 086.2" or "TUBERCULOSIS, ORGAN NEC 017." or "SYN-ACQ
IMMUNE DEFICIENCY 042." or "INFECTION, COLITIS/GASTROENT 009.0" or "EXANTHEMA, VIRAL NEC 057." or "ENCEPHALITIS
NEC 323." or "CELLULITIS/ABS-FINGER/TOE 681." or "COCCIDIOIDOMYCOSIS NEC 114." or "ABNORMAL URIN CONSTIT NEC
791." or "CYSTICERCOSIS 123.1" or "BRONCHIECTASIS 494." or "BALANOPOSTHITIS 607.1" or " ENDOPHTHALMITIS,
PURULENT 360.0" or " HERPES, MENINGOENCEPHALITIS 054.3" or " INFECTION, VIRAL, CNS 046." or "LEPROSY 030." or
"INFECTION, PUERPERAL, MAJOR 670." or "SPOROTRICHOSIS 117.1" or "SYPHILIS NEC 097." or "WHIPPLE`S DISEASE 040.2"
or "URETHRITIS, NONSEX TRANSMIT 597." or "VINCENT`S ANGINA 101." or "OTITIS MEDIA, SUPPURATIVE 382." or
"PARAGONIMIASIS 121.2" or "LEUKEMIA NEC 208." or "NASOPHARYNGITIS, ACUTE 460." or "PNEUMONIA NEC 483." or
"PNEUMONIA, BACTERIAL NEC 482." or "WART, VIRAL 078.1" or "SYNDROME, HEMOPHAGOCYTIC 288.4" or "SINUSITIS,
CHRONIC 473." or "KERATITIS NEC 370." or "INFECTION, DIARRHEA 009.2" or "HEPATITIS, VIRAL NEC 070." or
"HEMORRHAGIC FEVER NEC 078.6" or "EMPYEMA 510." or "DISEASE, RESP TRACT, UP NEC 478." or "DISEASE, WHITE BLD
CELL NEC 288." or "DISEASE, LUNG NEC 518." or "CELLULITIS/ABS-SKIN/SQ NEC 682." or "038.4"
NOT
Descriptor:
("CASE REPORT ADULT 0" or "FDA APPROVAL PACKAGE 155" OR "FDA BLACK BOX WARNING 165" OR "PIVOTAL STUDY 162"
OR "FDA ADVISORY COMMITTEE 164" or "CASE REPORT PEDIATRIC 1" or "CASE REPORT GERIATRIC 2" or "REVIEW ADULT 6"
or "STUDY NON-CLINICAL 8" or "REVIEW PEDIATRIC 21" or "REVIEW GERIATRIC 23" or "STUDY RANDOMIZE ADULT 135" or
"STUDY RANDOMIZE PEDIATRIC 136" or "STUDY RANDOMIZE GERIATRIC 137" or "CROSS-OVER 144" or "META-ANALYSIS
145" or "N-OF-ONE TRIAL 146" or "PRACTICE GUIDELINE 156" or "SYSTEMATIC REVIEW 161" or "ANNOTATED BIBLIOGRAPHY
167" or "PRIORITY CLIN PRACT GUIDE 168")
NOT
Author:
"(editorial)" or "(Letter to Ed)"
AND
Years:
1990 to 2010
Records = 2
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B. ABSTRACT REVIEWS
Of the 402 abstracts reviewed, 183 were selected for full-text review; 97 were excluded because they
did not study the HOI, 111 were excluded because they were not administrative database studies, and
10 were excluded because the data source was not from the United States or Canada. Cohen’s kappa for
agreement between reviewers on inclusion vs exclusion of abstracts was 0.32. The major source of
disagreement was whether or not a study was an administrative database study. This related to the
decision to review single center studies that may have used coding algorithms, and the difficulty in
discerning the likelihood of a coding algorithm when reviewing abstracts of such studies.

C. FULL-TEXT REVIEWS
Of the 183 full-text articles reviewed, 1 was included in the final evidence table of validation studies; 15
were excluded because they did not study the HOI, 143 were excluded because they did not use an
administrative database, 8 were excluded because the HOI identification algorithm was poorly defined,
and 16 were initially excluded but ultimately included in the reported non-validated algorithms because
they included no validation of the outcome definition or reporting of validity statistics. Reviewers
identified 2 citations for review from full-text article references, both of which were excluded because
the algorithms were poorly defined. Cohen’s kappa for agreement between reviewers on inclusion vs
exclusion of full-text articles reviewed was 0.66. The one article on which they disagreed included a
validation component for hepatitis C diagnosis, but excluded people with organ transplantation and did
not focus on blood products as an exposure. Thus, it was ultimately excluded.

D. MINI-SENTINEL INVESTIGATOR SURVEY
Mini-Sentinel investigators sent no validation studies related to this HOI.

E. EVIDENCE INCLUDED IN TABLE
All of the 17 studies included in the evidence tables were identified from the initial search strategy.
None were identified through references of articles that underwent full-text review or by Mini-Sentinel
Investigators.
Because fewer than 5 validation studies were identified, 16 studies that did not include validation of the
outcome or reporting of validity statistics were reviewed in the evidence table on non-validated
definitions.

F. SUMMARY AND DISCUSSION OF ALGORITHMS AND VALIDATION
Only one validation study was identified that examined a definition of infection in recipients of a blood
product, tissue graft, or organ transplant (Table 3). Chang et al.6 studied aspergillosis infections among
solid organ or hematopoietic stem cell transplant recipients at a large academic medical center from
April 2001 to September 2005. This hospital had a registry developed from an active, prospective
surveillance system that was used as a gold standard, and the medical records of registry cases were
reviewed to confirm that they met criteria for aspergillosis. ICD-9 billing codes for aspergillosis identified
67 patients, and 38 patients identified by these codes or the registry ultimately had a confirmed case of
probable or suspected aspergillosis. Validity statistics were calculated for a variety of ICD-9 codes and
combinations of codes. ICD-9 code 117.3 (aspergillosis) appeared to have the best balance between
HOI Evidence Reviews
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sensitivity (63%) and positive predictive value (PPV) (71%). ICD-9 code 484.6 (pneumonia with
aspergillosis) had a good PPV (88%) but had limited sensitivity (37%), which would be expected since it
only describes one type of aspergillosis infection. Though the validity of several combinations of codes
was examined, all of these combinations included codes less specific to aspergillosis. This resulted in low
PPVs for these combinations, despite good sensitivity. The combination of codes 117.3 and 484.6 might
have been expected to achieve a good balance between sensitivity and PPV, but the validation statistics
for that combination were not reported. Since this study only included patients from one center,
generalizability is limited. In addition, the study methods assumed that the registry had complete
ascertainment of aspergillosis cases. This may be a reasonable assumption given the focus on transplant
patients and prospective surveillance. ICD-9 codes were also integrated into the active surveillance
system after January 2004, so case ascertainment in those patients with billing codes would be expected
to be complete after that time. Regardless, no chart review was described for patients identified by
billing data who were not in the registry. This is a limitation compared to many studies that perform
chart review on all patients identified by billing codes. If the registry did not identify all aspergillosis
cases, this would result in increased PPVs and decreased sensitivity for at least some codes.
The 16 studies reviewed that provided algorithms but no validation of the HOI covered a broad range of
infections (Table 4). Four studies examined any infections or infection-related hospitalizations.7-10 The
remainder studied more specific types of infection (Table 4). Two studies provided a set of codes to
identify coronary artery bypass grafts and transfusions,8,9 and one provided a set of codes to identify
solid organ transplant recipients.11 The transfusion algorithm which was provided was validated in an
earlier study, which found a sensitivity of 83% and specificity of 100% for ICD-9 procedure code 99.04
(allogeneic blood transfusion).12 Another multi-center study, however, found poor sensitivity (21-31%)
despite excellent specificity (100%).31 Many studies utilized the United States Renal Data System
(USRDS), which specifically prohibits chart review by investigators.13

G. SUMMARY OF EXCLUDED POPULATIONS AND DIAGNOSES
The only validation study identified included all patients who received a solid organ or hematopoietic
stem cell transplant at a single university hospital. The mean age was approximately 51 years (range 1674) and 68% were male. About half received solid organ transplants and half hematopoietic stem cell
transplants.
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H. EVIDENCE TABLES
Table 3. Positive Predictive Values by Algorithm
Citation
6

Chang, et
al. 2008

Study Population
and Time Period
All patients who
received solid organ
or hematopoietic
stem cell
transplants (HSCT)
at a large academic
medical center
between April,
2001, and
September, 2005,
were included in a
cohort with
prospective, active
surveillance. N=67
with an ICD-9 code
or an aspergillosis
infection in the
registry were used
to calculate
validation statistics.
Of the 38 with
proven or probable
invasive
aspergillosis, the
mean age was
approximately 51
years (range 16-74)
and 68% were male.
About half received
solid organ
transplants and half
HSCT.

Description of
Outcome
Studied
Invasive
aspergillosis
among solid
organ transplant
and HSCT
recipients.

Validation/Adjudication Procedure,
Operational Definition, and Validation
Statistics

Algorithm
117.3
(aspergillosis),
117.9 (other and
unspecified
mycoses), 348.8
(other conditions
of the brain:
cerebral
calcification or
fungus), 484.6
(pneumonia with
aspergillosis),
484.7
(pneumonia in
other systemic
mycoses), and
495.4 (malt
workers’ lung
alveolitis due to
Aspergillus
clavatus)

Proven or probable invasive aspergillosis as
defined by criteria from an international
14
consensus statement. The medical records
of each case in the hospital’s registry were
independently reviewed by a physician
epidemiologist to ensure it met criteria.
PPV and sensitivity were calculated for
individual ICD-9 codes and combinations of
codes. No patient had an ICD-9 code of
495.4, and none of seven patients assigned
348.8 had a proven or probable case (PPV for
this code for aspergillosis = 0).
Single codes:
117.3: Sensitivity = 63% (95% CI 38-84%),
PPV = 71% (95% CI 44-90%)
117.9: Sensitivity = 32% (95% CI 13-57%),
PPV = 15% (95% CI 6-31%)
484.6: Sensitivity = 37% (95% CI 16-62%),
PPV = 88% (95% CI 47-100%)
484.7: Sensitivity = 32% (95% CI 13-57%),
PPV = 24% (95% CI 9-45%)
Code combinations:
117.3 or 117.9: Sensitivity 84% (95% CI 6097%), PPV 30% (95% CI 18-44)
117.3 or 117.9 or 484.6: Sensitivity 84% (95%
CI 60-97%), PPV 30% (95% CI 18-44%)
117.3 or 117.9 or 484.7: Sensitivity 84% (95%
CI 60-97%), PPV 28% (95% CI 17-41%)
117.3 or 117.9 or 484.6 or 484.7: Sensitivity
84% (95% CI 60-97%), PPV 28% (95% CI 1741%)
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Table 4. Non-Validated Algorithms
Citation
15

Abbott, et al.
2001

Study Population and Time
Period
33,479 primary renal
transplant patients in the
United States Renal Data
System (USRDS) between July
1994 and June 1997. The
authors did not report
exclusion of any age group.

Description of Outcome
Studied
Bacterial endocarditis
within 3 years after first
renal transplantation

Algorithm
Bacterial endocarditis was determined
from the presence of ICD-9 codes 421.x
as a primary hospital discharge diagnosis.
Fungal endocarditis was excluded.
First renal transplantation identified via
USRDS registry
Prior hospitalization for valvular heart
disease was examined as a risk factor
(ICD-9 codes 394.x-397.x and 424.0x424.1x)

16

Abbott, et al.
2004

28,942 renal transplant
patients in the USRDS
transplanted between January
1996 and July 2000. The
authors did not report
exclusion of any age group.

Urinary tract infections
after renal transplantation

Urinary tract infection was defined as at
least two ICD-9 codes for the following :
590.x (kidney infection, including
pyelonephritis both acute and chronic);
595.0 (acute cystitis);
599.0 (urinary tract infection, not
otherwise specified)—(Code listed
incorrectly in manuscript as 599.x).
Cytomegalovirus disease (ICD-9 code
078.x) and sepsis (ICD-9 code 038.x) were
examined as confounders.

7

Chavers, et al.
2007

368,705 incident pediatric and
adult dialysis and transplant
patients from 1996-2001 in
USRDS. The authors did not
report exclusion of any age
group.

Infection-related
hospitalizations in endstage renal disease and
renal transplant recipients
within 3 years of initial
presentation

ICD-9-CM codes were obtained from the
author, as the appendix mentioned in the
manuscript was not otherwise available.
Urinary tract infection: 590.x, 595.0595.4, 597.0-597.89, 599.0, 601.x, 604.x,
607.1, 614.0-616.1, 616.3, 616.4, 616.8
Infection and inflammatory reaction due
to other vascular device implant and
graft (for hemodialysis associated
infection): 996.62
Infection and inflammatory reaction due
to peritoneal dialysis catheter: 996.68
Any infection (in addition to codes
above): 001.x-139.x, 254.1, 320.x-326.x,
331.81, 372.0-372.39, 382.0-382.4, 383.0,
386.33, 386.35, 388.60, 390.x-393.x,
421.x, 422.x, 460.x-466.x, 472.x-474.0,
475.x-477.x, 478.22-478.24, 478.29,
480.x-491.x, 494.x, 510.x, 511.x, 513.x518.6, 522.5, 522.7, 527.3, 528.3, 540.x542.x, 566.x, 567.x, 569.5, 572.0-572.2,
573.1-573.3, 575.0-575.12, 611.0, 670.x,
680.x-686.x, 706.0, 711.x, 730.3, 730.8,
730.9, 790.7, 790.8, 730.0-730.2, 997.62,
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998.5, 999.3, V01.x-V06.x, V09.x
17

Dharnidharka,
et al. 2007

870 renal transplant patients
from 1996-2000, < 18 years of
age, in the USRDS with
Medicare as the primary
payer.

Urinary tract infections
after renal transplantation

The following ICD-9 codes on one
institutional claim or at least two
physician supplier claims:
590.x (kidney infection, including
pyelonephritis both acute and chronic);
595.0x (acute cystitis);
599.x (urinary tract infection, not
otherwise specified)—appears this
should have been 599.0x since 599.x
includes other conditions.

18

Dharnidharka,
et al. 2006

28,924 USRDS Medicare
primary renal transplant
recipients from January 1996
to July 2000. The authors did
not report exclusion of any
age group.

Bacterial or viral
infections after renal
transplantation

Primary discharge ICD-9 diagnoses as
follows:
079.x (Unspecified viral infections);
078.5 (cytomegalovirus);
052.9 (varicella);
053.9 (herpes zoster);
038.x (septicemia);
481, 482.9, 486.x (pneumonia);
590.xx, 599.0 (acute pyelonephritis);
682.x (cellulitis).

19

Hurst, et al.
2009

23,622 adult males in USRDS
with Medicare primary
insurance who received
transplants from January 2000
to July 2005, and without a
diagnosis of benign prostatic
hyperplasia prior to
transplant.

Urinary tract infection

20

5117 adult patients in USRDS
with Medicare primary
insurance who initiated
dialysis for failure of a first
renal transplant from 1995 to
2004

Sepsis

Johnston, et al.
2007

(other non-infectious
outcomes related to the
prostate were also
studied)

Urinary tract infection was identified by
one institutional claim or two or more
physician supplier claims with ICD-9
codes of 590, 590.1, 590.2, 590.8, 590.9,
595, 595.89, 595.9

Sepsis was identified by a hospital
discharge diagnosis of 038.xx
(septicemia), which include the following:
038.0x (streptococcal);
038.1x (staphylococcal);
038.2 (pneumococcal);
038.3 (anaerobic);
038.4x (aerobic Gram Negative);
038.8 (other specified septicemia);
038.9 (unspecified septicemia).

21

Klote, et al.
2004

15,870 patients in USRDS with
Medicare primary insurance
who received renal
transplants from January 1998
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to July 2000. No age ranges
were excluded.

647.x (tuberculosis in pregnancy)
V011.x (tuberculosis contact)
V032.x (vaccine for tuberculosis)
V12.01 (personal history of tuberculosis)
137.x (late effect of tuberculosis)

22

Kutinova, et al.
2006

44,916 patients in USRDS with
Medicare primary insurance
who received a first renal
transplant from 1995 to 2001.
The authors did not report
exclusion of any age group.

Sepsis and pneumonia
before and after renal
transplantation

The presence of sepsis or pneumonia was
determined by at least one inpatient or
two outpatient claims for the following
ICD-9-CM codes:
038.x (sepsis);
480.x-487.x (pneumonia).

23

Menzin, et al.
2009

11,881 high-risk patients with
invasive fungal infections and
11,881 matched high risk
controls in the 2004
Healthcare Cost and
Utilization Project Nationwide
Inpatient Sample. High risk
conditions included cancer;
infection with human
immunodeficiency virus;
chronic obstructive
pulmonary disease; diabetes
mellitus; and solid-organ,
hematopoietic stem cell, or
bone marrow transplant. All
ages were included.

Invasive fungal infection

invasive fungal infection was defined as
any primary or secondary diagnosis of
one of the following ICD-9-CM codes:
117.3 (aspergillosis);
116.x (blastomycosis);
112.4, 112.5, 112.81, 112.83, 112.85
(candidiasis);
114.0, 114.2, 114.3 (coccidioidomycosis);
117.5 (cryptococcosis);
115.01-115.05, 115.11-115.15, 115.91115.95 (histoplasmosis);
117.6, 117.9 (other mycoses);
117.7 (zygomycosis).

13

Neff, et al.
2009

9

Rogers, et al.
2009

32,757 patients in USRDS with
Medicare primary insurance
who received renal
transplants from January 2000
to July 2004. The authors did
not report exclusion of any
age group.

Pneumocystis jiroveci
pneumonia (PCP)

The following ICD-9 CM codes were used
in this study:

Cytomegalovirus (CMV)
was examined as a risk
factor

136.3 (PCP);

24.789 fee-for-service
Michigan Medicare
beneficiaries > 65 years of age
who received coronary artery
bypass graft (CABG) surgery
from 2003 to 2006.

Infection during
hospitalization

CABG surgery was identified by ICD-9
procedure codes 36.1x

CABG and transfusion
codes were also provided

Blood transfusions were identified from
procedure codes (99.0x) in addition to
revenue codes for blood products and
services (38x for purchased blood and
39x for donated blood). Allogeneic
transfusions could include red blood
cells, whole blood, platelets, plasma, or
cyroprecipitates.

078.5 (CMV).

Autologous blood transfusions were
identified using procedure codes 99.00
(perioperative autologous transfusion of
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whole blood or blood components) or
99.02 (transfusion of previously collected
autologous blood).
The code for allogeneic red blood cell
transfusion (99.04) was previously found
to have a sensitivity of 83% and
specificity of 100% in a single-center
12
study.
Infection codes were not fully described.
“We determined infection by using ICD-9
codes that explicitly stated infection (for
example, 0xx.xx) or provided evidence of
infection (purulent, suppurative, septic,
pyogenic or abscess)”
8

Rogers, et al.
2006

9218 Michigan Medicare
beneficiaries > 65 years of age
with CABG surgery from July
nd
1997 to Sept 22 1998.

Infection during
hospitalization

CABG surgery was identified by ICD-9
procedure codes 36.1x

CABG and transfusion
codes were also provided

Blood transfusions were identified by the
above listed codes used in Rogers, et al.,
2009, which were found to have a
sensitivity of 83% and specificity of
12
100%.
The following ICD-9 primary and
secondary codes from hospitalization
data were used to identify infections:
Infectious and parasitic diseases (001136);
Infections indicated in the nervous
system and sense organs (380.1, 382);
Infections of the circulatory system (420422, 440.24);
Infections of the respiratory system (460466, 473, 478.29, 480-487, 491.1, 511.1,
513.0, 513.1, 519.2);
Infections of the digestive system (528.2,
540, 550.0, 567.0-567.2, 595.5, 569.61,
575.0, 577.0);
Infections of the genitourinary system
(590, 595.0, 599.0, 604.9, 616.1,);
Infections of the skin and subcutaneous
tissue (680-686);
Infections of the musculoskeletal system
(711.0, 711.3-711.9, 728.0, 730.0);
Bacteremia (790.7);
Infection and inflammatory reaction due
to internal prosthetic implant and graft
(996.6);
Post-operative infection not elsewhere
classified (998.50);
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Other infection due to medical care not
elsewhere classified (999.3);
and V-codes (V08—asymptomatic
infection with HIV, V09—Infection with
drug-resistant microorganisms).
24

Shroff, et al.
2008

10

Snyder, et al.
2009

47,899 first time renal
transplant recipients and
62,520 renal transplant
waiting list patients with
Medicare primary insurance in
USRDS from 1995-2003. The
authors did not report
exclusion of any age group.

Hospitalization for
bacterial endocarditis

Bacterial endocarditis was identified by
ICD-9-CM code 421.0

46,471 adult (> 18 years of
age) first renal transplant
patients in the USRDS from
1995-2003 with Medicare
primary insurance coverage.
Patients under 62 years of age
were followed for up to 3
years since this is the duration
of automatic Medicare
coverage post-transplant.
Patients 62 years and older
were followed for up to 5
years since they would be
Medicare eligible when the 3
year term expired.

First infection following
renal transplantation.

Infectious organisms were identified by
ICD-9-CM codes 038.xx and 041.xx during
the same hospitalization as the bacterial
endocarditis claim

The algorithm only
includes infections that
can be attributed to
specific categories of
pathogens.
Hospitalizations due to
urinary tract infections,
pneumonia, and other
infections that could not
be attributed to specific
causal agents were
included in the study, but
ICD-9-CM codes were not
provided for these types
of infections.

ICD-9-CM codes by infection type:
Bacterial:
Septicemia: 038.x
Tuberculosis: 010.x-018.x
Other bacterial: 001.x-004.x, 008.0x008.5x, 020.x-027.x, 030.x-036.x, 039.x041.x, 073.x, 076.x, 080.x-083.x, 087.x088.x, 091.x-100.x, 102.x-104.x, 137.x
Viral:
Hepatitis B: 070.2x, 070.3x
Hepatitis C: 070.41, 070.44, 070.51,
070.54
Hepatitis (other): 070.0x-070.1x, 070.42,
070.43, 070.49, 070.52, 070.53, 070.59,
070.6x, 070.9x
Cytomegalovirus: 078.5x
Other viral: 008.6x, 008.8x, 045.x-051.x,
055.x-057.x, 060.x-066.x, 071.x, 072.x,
074.x, 075.x, 078.2x-078.4x, 078.6x,
078.7x, 079.51, 079.52, 079.81
Fungal: 112.0x, 112.4x, 112.5x, 112.81,
112.83, 112.84, 112.85, 112.89, 112.9x,
114.x-117.x
Parasitic:
Pneumocystosis: 136.3x
Other parasitic: 006.x, 007.x, 084.x-086.x,
120.x-131.x, 136.2x, 136.4x, 136.5x
Other: 009.x, 101.x, 136.9x
Note: Despite no validation of the HOI,
the sensitivity of 3 algorithms for
identifying infections was compared in a
secondary analysis. The primary analysis
required one inpatient or two outpatient
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claims for an infection to consider one
present. If only inpatient claims were
considered, the overall infection rates
were 44% lower than in the primary
analysis. Hospitalization data-only
identified 35, 51, 44, and 70% of
bacterial, viral, fungal, and parasitic
infections identified in the primary
analysis. When the criterion of two
outpatient claims was loosened to
require only one outpatient claim, the
overall infection rate was increased by
10%. The rates of bacterial, viral, fungal,
and parasitic infections increased by 19,
25, 9, and 37%, respectively, compared
to the primary analysis.
11

Tong, et al.
2009

The analysis included
everyone in the 2003
Nationwide Inpatient Sample,
part of the Healthcare Cost
and Utilization Project, which
represents approximately 7.5
million hospital stays in a
stratified sample of 20% of all
US community hospitals. It
also included 100% of
Medicare Beneficiary
hospitalizations for 2003 from
the Medicare Provider
Analysis and Review file,
approximately 11.5 million
records. All ages were
included.

Invasive aspergillosis
Solid organ tranplantation
codes were also described

Aspergillosis was identified by a primary
or secondary hospital discharge diagnosis
ICD-9 code of 117.3.
Pneumonia in aspergillosis was identified
by ICD-9 code 117.3 with ICD-9 code
484.6 as a secondary diagnosis.
Solid organ transplantation
hospitalizations were identified by DRGs
103, 302, 480, and 495
ICD-9-CM codes for complications of
transplants were used to identify posttransplant hospitalizations, since a DRG is
not available to describe post-transplant
status. These included: complications of
transplanted kidney (996.81), liver
(996.82), heart (996.83), lung (996.84),
and bone marrow (996.85).

I. CLINICIAN OR TOPIC-EXPERT CONSULTATION
Algorithms for detection of the health outcome of interest, infections related to blood products, tissue
grafts, or organ transplant, using administrative data are currently of limited value. There are no known
published validation studies that have looked at administrative data and infections associated with
receipt of blood products or tissue grafts. Validation studies could be performed to examine the
agreement of infection diagnoses in administrative data and clinical data, but the challenge of linking
the infection to the transfusion or graft would still remain.
The only study that validated in an infection outcome was one that looked at aspergillosis in
hematopoietic stem cell transplants and solid organ transplants. The sensitivity of ICD-9 code 117.3 was
described as modest (63%) and the code 117.9 was described as poor (32%). If either code was present,
the sensitivity was 84%, but the positive predictive value was 30%, which would likely be considered
unacceptable. Even this study was limited by the fact that it was a single center study and it was unlikely
that these infections were transmitted by the transplanted tissue or cells. These infections would have
been secondary to the necessary immune suppression that these transplant recipients must receive. The
other non-validated studies had similar limitations in that they detected infections due to immune
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suppression and not receipt of the graft of interest. Thus, it is unlikely that the codes/algorithm detect a
problem associated with medical product of interest.
One general concern of the administrative data approach is that infections that used to be more
commonly, though still rarely, transmitted with these blood products or tissue grafts are now screened
for at donation. Thus, the likelihood of transmission of viral hepatitis or HIV from these sources is very
rare and declining.25-28 In addition, the time from transplant to infection recognition is long and thus it
would be difficult to link the two. Currently, infections linked to receipt of blood products or tissue grafts
are often of microbiologically very rare organisms. Several example being the recent report of
transplant-associated encephalitis from the donor to the two kidney recipients of Balamuthia
granulomatous amebic encephalitis (GAE), a rare disease caused by Balamuthia mandrillaris, a free-living
ameba found in soil.29 This was identified by physician self-report to the CDC. Recent cases of rabies
transmission via solid organ transplantation are another example of an extremely rare event that would
not be detected via administrative data, but by other reporting mechanisms.30 Recent efforts at
mandatory reporting have identified many of these cases for investigation by public health experts, but
this can only occur after astute recognition by involved clinicians.
Though no data support this assertion, it seems likely that surveillance of transfusion, graft, or
transplant associated infections would be limited by the lack of sensitivity of both clinical and
administrative data. Even if the administrative data were highly sensitive to clinically diagnosed
infections, linking them to the transfusion or graft can pose challenges in the clinical setting, and even
greater challenges in administrative data.

VI. SUMMARY AND CONCLUSIONS
A. RECOMMENDATIONS FOR ALGORITHMS
We are unable to provide clear recommendations regarding algorithms that would be acceptable for the
study of infections related to blood products or tissue grafts given the lack of validation studies
identified for this review. Aspergillosis was the only validated infection outcome in transplant
recipients.6 One code for aspergillosis had a sensitivity of 63% and PPV of 71%, and another code for
pneumonia with aspergillosis had sensitivity of 37%, which would likely be considered suboptimal, but a
PPV of 88%. Codes without aspergillosis in the description had much lower positive predictive values,
and their sensitivity was also much lower unless combined with the other codes. The combination of the
codes with aspergillosis in the description might be useful for studying this outcome, though validation
statistics for the combination of only these two codes were not provided.
A number of algorithms for identifying any infection or any hospitalization for infection were described,
but none referenced a validation study so the performance characteristics are unknown.

B. SUGGESTIONS FOR FUTURE RESEARCH BASED ON EVIDENCE GAPS
Future work should focus on the validity of a broader set of infection diagnoses if infection is to be
studied as a general outcome. If specific infection types are of interest, then the validity of these codes
for these specific infection types should be determined.
The code for allogeneic blood transfusion was found to have an acceptable sensitivity (83%) and positive
predictive value in one single center study,12 but poor sensitivity (21-31%) despite excellent specificity in
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another multi-center study from the late 1980s.31 No validation studies of codes for tissue grafts or
organ transplantation were referenced by the studies reviewed in this report. Many used USRDS data,
which includes registry data on renal transplant recipients.
Future efforts to identify validation studies might consider expanding the search to identify studies that
may have validated infection and transfusion or tissue graft codes separately. Though the validation
statistics for infection may differ in a population that did not receive these procedures, it may be
possible to infer something about the performance of the algorithms in this way. Alternatively, it may be
necessary to perform a new validation study of an algorithm for identifying infections related to
transfusion or tissue grafts. In a separate report on sepsis or septicemia related to blood transfusions,
validated algorithms for sepsis and transfusions were reported separately since no study specifically
validating sepsis in transfusion recipients was identified.
A final consideration is that it may be challenging to determine whether an infection is related to a
blood transfusion, tissue graft, or organ transplant. Some blood transfusions and all tissue grafts and
organs are received in the context of an operation, and blood transfusions may be used in patients who
have experienced trauma. These types of patients are already at increased risk of infection due to the
surgery or trauma, so delineating the source of infection can be difficult. A validation study might focus
on specific types of infections thought to be commonly related to transfusions, tissue grafts, or organs,
or make special efforts in chart review to determine whether the infection appeared related to these
exposures. Immunosuppressant medication-related infection is another classification of infection that
might be considered distinctly from those infections carried by blood, tissues, or organs in these groups
of patients.
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VIII. APPENDICES
A. APPENDIX A: ABSTRACTS OF STUDIES INCLUDED IN EVIDENCE TABLE
1. Abstract of the Validation Study
Chang DC, Burwell LA, Lyon GM, et al. Comparison of the use of administrative data and an active
system for surveillance of invasive aspergillosis. Infect Control Hosp Epidemiol. 2008; 29: 25-30.
BACKGROUND: Administrative data, such as International Classification of Diseases, Ninth Revision
(ICD-9) codes, are readily available and are an attractive option for surveillance and quality
assessment within a single institution or for interinstitutional comparisons. To understand the
usefulness of administrative data for the surveillance of invasive aspergillosis, we compared
information obtained from a system based on ICD-9 codes with information obtained from an
active, prospective surveillance system, which used more extensive case-finding methods
(Transplant Associated Infection Surveillance Network). METHODS: Patients with suspected invasive
aspergillosis were identified by aspergillosis-related ICD-9 codes assigned to hematopoietic stem cell
transplant recipients and solid organ transplant recipients at a single hospital from April 1, 2001,
through January 31, 2005. Suspected cases were classified as proven or probable invasive
aspergillosis by medical record review using standard definitions. We calculated the sensitivity and
positive predictive value (PPV) of identifying invasive aspergillosis by individual ICD-9 codes and by
combinations of codes. RESULTS: The sensitivity of code 117.3 was modest (63% [95% confidence
interval {CI}, 38%-84%]), as was the PPV (71% [95% CI, 44%-90%]); the sensitivity of code 117.9 was
poor (32% [95% CI, 13%-57%]), as was the PPV (15% [95% CI, 6%-31%]). The sensitivity of codes
117.3 and 117.9 combined was 84% (95% CI, 60%-97%); the PPV of the combined codes was 30%
(95% CI, 18%-44%). Overall, ICD-9 codes triggered a review of medical records for 64 medical
patients, only 16 (25%) of whom had proven or probable invasive aspergillosis. CONCLUSIONS: A
surveillance system that involved multiple ICD-9 codes was sufficiently sensitive to identify most
cases of invasive aspergillosis; however, the poor PPV of ICD-9 codes means that this approach is not
adequate as the sole tool used to classify cases. Screening ICD-9 codes to trigger a medical record
review might be a useful method of surveillance for invasive aspergillosis and quality assessment,
although more investigation is needed.

2. Abstracts of the Studies with Non-Validated Algorithms
Abbott KC, Duran M, Hypolite I, Ko CW, Jones CA, Agodoa LY. Hospitalizations for bacterial endocarditis
after renal transplantation in the United States. J Nephrol. 2001; 14: 353-360.
PURPOSE: The national rate of and risk factors for bacterial endocarditis in renal transplant
recipients has not been reported. METHODS: Retrospective registry study of 33,479 renal transplant
recipients in the United States Renal Data System (USRDS) between 1 July 1994 and 30 June 1997.
Hospitalizations for a primary diagnosis of bacterial endocarditis (ICD-9 codes 421.x) within three
years after renal transplant were assessed. RESULTS: Renal transplant recipients had an unadjusted
incidence ratio for endocarditis of 7.84 (95% confidence interval 4.72-13.25) in 1996. In multivariate
analysis, a history of hospitalization for valvular heart disease (adjusted odds ratio (AOR), 25.81, 95%
confidence interval 11.28-59.07), graft loss (AOR, 2.81, 95% CI 1.34-5.09), and increased duration of
dialysis prior to transplantation were independently associated with hospitalizations for bacterial
endocarditis after transplantation. Hospitalization for endocarditis was associated with increased
patient mortality in Cox Regression analysis, hazard ratio 4.79, 95% CI 2.97-6.76. CONCLUSIONS: The
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overall incidence of bacterial endocarditis was much greater in renal transplant recipients than in
the general population, although it is still relatively infrequent. Independent risk factors for bacterial
endocarditis in the renal transplant recipients were identified, the most significant of which was
valvular heart disease. Endocarditis substantially impacts renal transplant recipient survival.
Abbott KC, Swanson SJ, Richter ER, et al. Late urinary tract infection after renal transplantation in the
United States. Am J Kidney Dis. 2004; 44: 353-362.
BACKGROUND: Although urinary tract infection (UTI) occurring late after renal transplantation has
been considered "benign," this has not been confirmed in a national population of renal transplant
recipients. METHODS: We conducted a retrospective cohort study of 28,942 Medicare primary renal
transplant recipients in the United States Renal Data System (USRDS) database from January 1,
1996, through July 31, 2000, assessing Medicare claims for UTI occurring later than 6 months after
transplantation based on International Classification of Diseases, 9th Revision (ICD-9), codes and
using Cox regression to calculate adjusted hazard ratios (AHRs) for time to death and graft loss
(censored for death), respectively. RESULTS: The cumulative incidence of UTI during the first 6
months after renal transplantation was 17% (equivalent for both men and women), and at 3 years
was 60% for women and 47% for men (P < 0.001 in Cox regression analysis). Late UTI was
significantly associated with an increased risk of subsequent death in Cox regression analysis (P <
0.001; AHR, 2.93; 95% confidence interval [CI], 2.22, 3.85); and AHR for graft loss was 1.85 (95% CI,
1.29, 2.64). The association of UTI with death persisted after adjusting for cardiac and other
infectious complications, and regardless of whether UTI was assessed as a composite of
outpatient/inpatient claims, primary hospitalized UTI, or solely outpatient UTI. CONCLUSION:
Whether due to a direct effect or as a marker for serious underlying illness, UTI occurring late after
renal transplantation, as coded by clinicians in the United States, does not portend a benign
outcome.
Chavers BM, Solid CA, Gilbertson DT, Collins AJ. Infection-related hospitalization rates in pediatric versus
adult patients with end-stage renal disease in the United States. J Am Soc Nephrol. 2007; 18: 952-959.
Infection is a common cause of morbidity and mortality in patients with ESRD. Infection-related
hospitalization (IH) incidence among US Medicare incident pediatric and adult dialysis and
transplant patients within 3 yr of presentation was compared from 1996 to 2001: Hemodialysis (HD)
patients (pediatric n = 1469; adult n = 305,323); peritoneal dialysis (PD) patients (pediatric n=982;
adult n=27,119), and kidney transplant (KTx) patients (pediatric n=1108; adult n=31,663). IH were
identified from principal diagnosis codes; IH cumulative incidence and rates were calculated from
claims data. Cumulative incidence of IH at 36 mo for incident pediatric patients with ESRD during
1996 to 2001 was 39.9% in HD, 51.2% in PD, and 47.4% in KTx patients (HD or PD versus KTx,
P<0.0001). Cumulative incidence for adults was 52.6% in HD, 51.8% in PD, and 39.8% in KTx patients
(HD or PD versus KTx, P<0.0001). IH rates per 1000 patient-months were highest for pediatric KTx
patients (adjusted rate ratio 1.53 versus HD and 1.90 versus PD, P<0.001 for each) and adult HD
patients (adjusted rate ratio 1.20 versus KTx and 1.11 versus PD, P < 0.001 for each). Within the first
36 mo of incidence, IH rates are highest for incident pediatric KTx patients compared with HD and
PD patients, in contrast to findings for adult patients with ESRD. Pediatric KTx patients require
infection surveillance after transplantation.
Dharnidharka VR, Agodoa LY, Abbott KC. Effects of urinary tract infection on outcomes after renal
transplantation in children. Clin J Am Soc Nephrol. 2007; 2: 100-106.
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Urinary tract infection (UTI) is the most common infection after kidney transplantation. A previous
analysis showed that late (>6 mo after transplantation) UTI is associated with earlier graft loss in
adults. It was hypothesized that children who are younger than 18 yr would be at higher risk to
develop UTI and develop graft loss after both early and late UTI. The US Renal Data System database
was analyzed from 1996 to 2000 for Medicare claims (composite of inpatient and outpatient) for UTI
up to 36 mo after transplantation. SPSS software and Cox regression models were used to
determine association of UTI and age after adjustment for covariates. Early UTI was defined as
occurring or =6 mo after transplantation. The risk for graft loss after early UTI was elevated in all
children (adjusted hazard ratio [AHR] 5.47; 95% confidence interval [CI] 1.93 to 15.4; P < 0.001) but
not after late UTI (AHR 2.09; 95% CI 0.56 to 7.80; P = 0.27). Risk for posttransplantation death was
not increased significantly after either early UTI (AHR 1.23; 95% CI 0.37 to 4.08) or late UTI (relative
risk 2.22; 95% CI 0.90 to 5.44). Boys aged 2 to 5 (versus age 13 to <18 years) were at significantly
higher risk for UTI. In girls, only those in the youngest age category (0 to 1) had higher risk for UTI.
Children are at greater risk for graft loss after early but not necessarily late UTI. UTI was not an
independent predictor of death in this population.
Dharnidharka VR, Caillard S, Agodoa LY, Abbott KC. Infection frequency and profile in different age
groups of kidney transplant recipients. Transplantation. 2006; 81(12): 1662-7.
BACKGROUND: Older transplant recipients have been shown to be at greater risk for infectious
death than younger adults, but no study to date has looked at relative risk of infection and infection
profile differences for children versus adults, which may be very different from one another.
METHODS: Data from primary Medicare renal transplant recipients between 1991 and 1998
(n=64,751), as reported in the United States Renal Data System (USRDS), were analyzed for
Medicare claims (both inpatient and outpatient) for infection and type of infection in the first year
posttransplant. Cox regression was used to model adjusted hazard ratios (AHR) for infection.
RESULTS: Total infections among renal transplant recipients increased significantly in more recent
years. Patients transplanted in or after 1995 had a significantly higher adjusted risk for infection
compared to those transplanted earlier (AHR 1.34, 95% CI=1.29-1.39). Older adults > or = 51 years of
age had the highest percentage of experiencing infection, as compared to adults between 18-50
years and children < or = 17 years (P<0.001). Children were at highest risk of viral infection prior to
1995 but at lowest risk of viral infection after 1995, whereas elderly adults were at highest risk of
bacterial infection throughout the study. Children experienced more claims for viral infections,
whereas older transplant recipients experienced more claims for bacterial infections. CONCLUSIONS:
The two extremes of transplant recipient age display very different risks for infection claim
frequency and profile.
Hurst FP, Neff RT, Falta EM, et al. Incidence, predictors, and associated outcomes of prostatism after
kidney transplantation. Clin J Am Soc Nephrol. 2009; 4: 329-336.
BACKGROUND AND OBJECTIVES: Renal transplantation is increasingly performed in elderly patients,
and the incidence of benign prostatic hyperplasia (BPH) increases with age. Anuric males on dialysis
may have occult BPH and not develop obstructive symptoms until urine flow is restored after
transplantation. If left untreated, BPH poses a risk for numerous complications, including acute
urinary retention (AUR), recurrent urinary tract infections (UTI), and renal failure. The authors
hypothesized that incident BPH after renal transplantation would adversely affect allograft survival.
DESIGN, SETTING, PARTICIPANTS, & MEASUREMENTS: Medicare claims for BPH, AUR, UTI, and
prostate resection procedures (transurethral resection of the prostate; TURP) were assessed in a
retrospective cohort of 23,622 adult male Medicare primary renal transplant recipients in the
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United States Renal Data System database who received transplants from 1 January 2000 to 31 July
2005 and followed through 31 December 2005. RESULTS: The 3-yr incidence of BPH post-transplant
was 9.7%. The incidences of AUR, UTI, and TURP after BPH diagnosis (up to 3 yr posttransplant) were
10.3%, 6.5%, and 7.3% respectively, and each was significantly associated with BPH. Cox regression
analysis showed that recipient age per year, later year of transplant, and dialysis vintage were
associated with incident BPH. Using Cox nonproportional hazards regression, BPH was significantly
associated with renal allograft loss (including death). CONCLUSIONS: BPH is common in males after
renal transplant and is independently associated with AUR, UTI, and graft loss. It is unknown
whether treatment of BPH, either medical or surgical, attenuates these risks.
Johnston O, Zalunardo N, Rose C, Gill JS. Prevention of sepsis during the transition to dialysis may
improve the survival of transplant failure patients. J Am Soc Nephrol. 2007; 18: 1331-1337.
Dialysis patients are at risk for sepsis, and the risk may be even higher among transplant failure
patients because of previous or ongoing immunosuppression. The incidence and the consequences
of sepsis as defined by International Classification of Diseases, Ninth Revision, Clinical Modification
hospital discharge diagnoses codes were determined among 5117 patients who initiated dialysis
after transplant failure between 1995 and 2004 in the United States. The overall sepsis rate was 11.8
per 100 patient years (95% confidence interval [CI] 11.5 to 12.1). Sepsis was highest in the first 6 mo
after transplant failure (35.6 per 100 patient years [95% CI 29.4 to 43.0] between 0 to 3 mo after
transplant failure; 19.7 per 100 patient years [95% CI 17.2 to 22.5] between 3 to 6 mo after
transplant failure). In comparison, the sepsis rate among incident dialysis patients between 3 and 6
mo after dialysis initiation was 7.8 per 100 patient years (95% CI 7.3 to 8.3), whereas the sepsis rate
among transplant recipients between 3 and 6 mo after transplantation was 5.4 per 100 patient years
(95% CI 4.9 to 5.9). Patients who were > or =60 yr, obese patients, patients with diabetes, and
patients with a history or peripheral vascular disease or congestive heart failure were at risk for
sepsis. Transplant nephrectomy was not associated with septicemia. The role of continued
immunosuppression and vascular access creation was not assessed and should be addressed in
future studies. In a multivariate analysis, patients who were hospitalized for sepsis had an increased
risk for death (hazard ratio 2.93; 95% CI 2.64 to 3.24; P < 0.001). Strategies to prevent sepsis during
the transition from transplantation to dialysis may improve the survival of patients with allograft
failure.
Klote MM, Agodoa LY, Abbott K. Mycobacterium tuberculosis infection incidence in hospitalized renal
transplant patients in the United States, 1998-2000. Am J Transplant. 2004; 4: 1523-1528.
The incidence, risk factors, and prognosis for Mycobacterium tuberculosis (MTB) infection have not
been reported in a national population of renal transplant recipients. We performed a retrospective
cohort study of 15,870 Medicare patients who received renal transplants from January 1, 1998 to
July 31, 2000. Cox regression analysis derived adjusted hazard ratios (AHR) for factors associated
with a diagnosis of MTB infection (by Medicare Institutional Claims) and the association of MTB
infection with survival. There were 66 renal transplant recipients diagnosed with tuberculosis
infection after transplant (2.5 cases per 1000 person years at risk, with some falling off of cases over
time). The most common diagnosis was pulmonary TB (41 cases). In Cox regression analysis, only
systemic lupus erythematosus (SLE) was independently associated with TB. Mortality after TB was
diagnosed was 23% at 1 year, which was significantly higher than in renal transplant recipients
without TB (AHR, 4.13, 95% CI, 2.21, 7.71, p < 0.001). Although uncommon, MTB infection is
associated with a substantially increased risk of mortality after renal transplantation. High-risk
groups, particularly those with SLE prior to transplant, might benefit from intensified screening.
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Kutinova A, Woodward RS, Ricci JF, Brennan DC. The incidence and costs of sepsis and pneumonia
before and after renal transplantation in the United States. Am J Transplant. 2006; 6: 129-139.
We compared the graft survival and accumulative costs associated with sepsis and pneumonia preand post-transplantation. We analyzed 44 916 first kidney transplants from 1995 to 2001 USRDS
where Medicare was the primary payer. We drew five cohorts for each disease from the baseline
population: patients who had a disease onset in the first or second years pre-transplantation
(cohorts 1 and 2) or post-transplantation (cohorts 3 and 4) and patients who were disease-free
(cohort 5). For each cohort, we calculated graft survival and average accumulated Medicare
payments (AAMPs) for the two pre- and post-transplantation years. Graft survival: new-onset sepsis
and pneumonia both significantly (p <0.01) lowered graft survival during the year of onset. AAMPs:
the AAMPs incurred by sepsis- (pneumonia-) free patients during the first and second years posttransplantation were dollar 50,000 and 13,000 (dollar 51,100 and 13,500), respectively. Patients
with a sepsis (pneumonia) onset post-transplantation cost on average dollar 48,400 (dollar 38,400)
extra (p<0.01). Episodes of sepsis and pneumonia have a strong and independent impact on graft
survival and costs.
Menzin J, Meyers JL, Friedman M, et al. Mortality, length of hospitalization, and costs associated with
invasive fungal infections in high-risk patients. Am J Health Syst Pharm. 2009; 66: 1711-1717.
PURPOSE: The mortality, length of hospitalization, and costs associated with invasive fungal
infections (IFIs) in hospitalized patients were studied. METHODS: This retrospective database study
used data from the 2004 Healthcare Cost and Utilization Project Nationwide In-patient Sample.
Patients were selected for inclusion based on diagnostic codes corresponding to an IFI. A control
group was matched to the IFI group based on high-risk conditions (i.e., cancer, infection with human
immunodeficiency virus, chronic obstructive pulmonary disease, diabetes mellitus, and solid-organ,
hematopoietic stem cell, or bone marrow transplant), age, sex, and hospital region and teaching
status. Excess mortality, length of hospital stay, and costs were estimated as the differences
between the IFI and control groups. RESULTS: A total of 11,881 patients were identified with a
discharge diagnosis of an IFI who could be matched to a control. Frequent infections included
candidiasis (40.2%), other mycoses (36.3%), and aspergillosis (16.4%). Patients with IFIs had a
significantly higher mortality rate (15% versus 5%), mean +/- S.E. length of stay (18.7 +/- 0.4 days
versus 7.3 +/- 0.1 days), and mean +/- S.E. costs ($44,726 +/- $1,255 versus $15,445 +/- $404) (p <
0.001 for all comparisons) than did patients without IFIs. The burden of IFIs varied by high-risk
condition (highest for transplant recipients and patients with cancer) and type of infection (highest
for candidiasis, zygomycosis, and aspergillosis). CONCLUSION: Examination of a large database
showed that, compared with high-risk patients without IFIs, those with IFIs had higher mortality, a
longer hospital stay, and higher costs associated with their hospitalization.
Neff RT, Jindal RM, Yoo DY, Hurst FP, Agodoa LY, Abbott KC. Analysis of USRDS: Incidence and risk
factors for pneumocystis jiroveci pneumonia. Transplantation. 2009; 88: 135-141.
BACKGROUND: To investigate the effect of modern immunosuppression on the incidence, risk
factors, morbidity, and mortality of Pneumocystis pneumonia (PCP) in recipients of kidney
transplants. METHODS: We conducted a retrospective cohort study of 32,757 Medicare primary
transplant recipients in the United States Renal Data System from January 1, 2000 through July 31,
2004. PCP infection was defined by Medicare claims using International Classification of Disease, 9th
Revision codes. The incidence of PCP infections, graft loss, and death were measured. RESULTS:
There were a total of 142 cases (cumulative incidence 0.4%) of PCP after kidney transplantation
during the study period. By using multivariate analysis with Cox regression, expanded criteria donor,
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donation after cardiac death, and earlier year of transplant were associated with development of
PCP disease. Induction immunosuppression and acute rejections were not associated with risk for
PCP infections. However, based on adjusted hazard ratio (AHR), maintenance immunosuppression
regimens containing the combination of tacrolimus and sirolimus (AHR 3.60, confidence interval [CI]
2.03-6.39), Neoral and mycophenolate mofetil (AHR 2.09, CI 1.31-3.31), and sirolimus and
mycophenolate mofetil (AHR 2.77, CI 1.40-5.47), were associated with development of PCP. As a
time dependent variable, PCP was associated with an increased risk of both graft loss and death.
CONCLUSION: PCP infections are rare in the modern era of prophylaxis; however, these infections
are a serious risk factor for graft loss and patient death, in particular, in patients who are on
sirolimus as part of the immunosuppressive regimen. The median time to development of PCP after
transplant was 0.80+/-0.95 years, suggesting a longer period of PCP prophylaxis.
Rogers MA, Blumberg N, Saint S, Langa KM, Nallamothu BK. Hospital variation in transfusion and
infection after cardiac surgery: A cohort study. BMC Med. 2009; 7: 37.
BACKGROUND: Transfusion practices in hospitalised patients are being re-evaluated, in part due to
studies indicating adverse effects in patients receiving large quantities of stored blood. Concomitant
with this re-examination have been reports showing variability in the use of specific blood
components. This investigation was designed to assess hospital variation in blood use and outcomes
in cardiac surgery patients. METHODS: We evaluated outcomes in 24,789 Medicare beneficiaries in
the state of Michigan, USA who received coronary artery bypass graft surgery from 2003 to 2006.
Using a cohort design, patients were followed from hospital admission to assess transfusions, inhospital infection and mortality, as well as hospital readmission and mortality 30 days after
discharge. Multilevel mixed-effects logistic regression was used to calculate the intrahospital
correlation coefficient (for 40 hospitals) and compare outcomes by transfusion status. RESULTS:
Overall, 30% (95 CI, 20% to 42%) of the variance in transfusion practices was attributable to hospital
site. Allogeneic blood use by hospital ranged from 72.5% to 100% in women and 49.7% to 100% in
men. Allogeneic, but not autologous, blood transfusion increased the odds of in-hospital infection
2.0-fold (95% CI 1.6 to 2.5), in-hospital mortality 4.7-fold (95% CI 2.4 to 9.2), 30-day readmission 1.4fold (95% CI 1.2 to 1.6), and 30-day mortality 2.9-fold (95% CI 1.4 to 6.0) in elective surgeries.
Allogeneic transfusion was associated with infections of the genitourinary system, respiratory tract,
bloodstream, digestive tract and skin, as well as infection with Clostridium difficile. For each 1%
increase in hospital transfusion rates, there was a 0.13% increase in predicted infection rates.
CONCLUSION: Allogeneic blood transfusion was associated with an increased risk of infection at
multiple sites, suggesting a system-wide immune response. Hospital variation in transfusion
practices after coronary artery bypass grafting was considerable, indicating that quality efforts may
be able to influence practice and improve outcomes.
Rogers MA, Blumberg N, Saint SK, Kim C, Nallamothu BK, Langa KM. Allogeneic blood transfusions
explain increased mortality in women after coronary artery bypass graft surgery. Am Heart J. 2006; 152:
1028-1034.
BACKGROUND: Postoperative mortality is greater in women than men after coronary artery bypass
graft surgery. Because allogeneic blood transfusions are more common in women and have been
associated with immunomodulation, the impact of transfusion on sex differences in infection and
mortality was examined. METHODS: A cohort study was conducted using Michigan Medicare
beneficiaries who had undergone coronary artery bypass graft surgery. Information was used
regarding allogeneic blood transfusion, infection, and mortality within the 100-day period after
surgery. RESULTS: Blood transfusions were more common in women than in men (88.2%, 95% CI
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87.1%-89.2% vs 66.7%, 95% CI 65.5%-67.9%). Patients who received transfused blood were more
likely to have an infection than patients who did not (14.6%, 95% CI 13.8%-15.5% vs 4.9%, 95% CI
4.1%-5.9%). There was a dose-response relationship between the number of units of whole blood or
packed red cells received and the prevalence of infection (P = .035). The unadjusted risk of mortality
attributable to female sex was 13.9% (95% CI 8.1%-19.6%), but was no longer statistically significant
when adjusted for blood transfusion (population attributable risk 0.6%, 95% CI -6.0% to 6.6%).
Patients who received a transfusion were 5.6 times as likely to die within 100 days after surgery as
those who did not receive a transfusion (95% CI 3.7-8.6). CONCLUSION: The increased risk of
mortality in women after bypass surgery may be explained by transfusion-related
immunosuppression.
Shroff GR, Skeans M, Herzog CA. Outcomes of renal transplant and waiting list patients with bacterial
endocarditis in the United States. Nephrol Dial Transplant. 2008; 23: 2381-2385.
BACKGROUND: Bacterial endocarditis is associated with poor long-term survival among dialysis
patients. Renal transplant patients and those waiting list for renal transplantation are predisposed
to developing bacterial endocarditis; data regarding incidence and outcomes are limited. METHODS:
Patients hospitalised for bacterial endocarditis were identified from patients transplanted or waiting
list between 1995 and 2003. Transplant and waiting list cohorts were derived from the United States
Renal Data System (USRDS) database. All patients had Medicare as primary payer. Long-term
survival was estimated by the Kaplan-Meier method. Cox proportional hazards analysis was used to
identify independent predictors of bacterial endocarditis. RESULTS: During the study period, 282
renal transplant patients and 549 waiting list patients were hospitalised with bacterial endocarditis.
Incidence rates of bacterial endocarditis per 1000 patient-years were 5.6 among waiting list
patients, 2.6 among deceased-donor transplant recipients and 1.8 among living-donor transplant
recipients. In-hospital mortality rates were 16.0% for the renal transplant cohort and 18.6% for the
waiting list cohort. Two-year post-endocarditis survival rates were 58% for transplant patients and
41% for waiting list patients. The most powerful predictors of bacterial endocarditis among
transplant patients were donor age, patient age, diabetic end-stage renal disease (ESRD) and prior
dialysis time longer than 2 years. CONCLUSIONS: Renal transplant patients hospitalised with
bacterial endocarditis sustain high in-hospital and long-term mortality rates. Waiting list patients are
at higher risk of developing bacterial endocarditis than renal transplant recipients.
Snyder JJ, Israni AK, Peng Y, Zhang L, Simon TA, Kasiske BL. Rates of first infection following kidney
transplant in the United States. Kidney Int. 2009; 75: 317-326.
We studied the incidence, trends and clinical correlates of infections following kidney
transplantation in the United States Renal Data System over the years 1995-2003 in 46,471 adults
with Medicare primary coverage at the time of their first kidney transplant. The incidence of most
infections has declined only slightly since 1995 but infection with cytomegalovirus significantly
declined while that with hepatitis C significantly increased. Relative frequencies of different types of
infections (bacterial, viral, fungal and parasitic) were relatively constant, both during early and late
periods following transplant. Using the Cox proportional hazards analysis we found that the clinical
correlates for post-transplant bacterial and viral infections included older age, female gender,
diabetes as the cause of end-stage renal disease, deceased (vs living) donor source, time on dialysis
before transplant, hepatitis B and C viral pre-transplant serologic status and pre-transplant donorrecipient cytomegalovirus serology. Our study shows that despite identifiable risk factors, the
incidence of most post-transplant infections has changed little since 1995.
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Tong KB, Lau CJ, Murtagh K, Layton AJ, Seifeldin R. The economic impact of aspergillosis: Analysis of
hospital expenditures across patient subgroups. Int J Infect Dis. 2009; 13: 24-36.
OBJECTIVE: To measure the impact of invasive aspergillosis infection on US hospital costs and
financial performance across different patient populations. METHODS: Hospital discharge data for
patients with a primary or secondary diagnosis of aspergillosis were extracted from the 2003
Nationwide Inpatient Sample (NIS) and the fiscal year 2003 (FYO3) Medicare Provider Analysis and
Review (MedPAR) file. The data on patient demographics, length of stay (LOS), hospital charges,
estimated costs, and reimbursement levels were reported. After controlling for comorbidities,
operative procedures, and diagnosis-related group (DRG) assignment, the clinical and economic
outcomes were compared for patients with and without aspergillosis. RESULTS: The NIS contains a
total of over 38 million projected hospital discharges. From these, 10400 aspergillosis cases were
identified across 171 DRGs, resulting in a US incidence rate of 36 per million per year. The mean age
of aspergillosis patients was 55.6 years, with 53.4% male and 67.9% Caucasian. The median (mean)
LOS per aspergillosis patient was 10 (17.7) days, with a median (mean) total hospital charge (THC) of
$44,845 ($96,731). Among the patient subgroups analyzed, the median (mean) THC per patient
ranged from $47,252 ($82,946) for HIV to $413,200 ($442,233) for bone marrow transplant (BMT).
When compared to the non-aspergillosis patient population, the data showed a significant increase
in LOS, THC, and hospital costs. Furthermore, the higher hospital costs associated with aspergillosis
patients were not matched by similar increases in reimbursements, resulting in a greater financial
loss for hospitals. The mean reimbursement-to-cost ratio for aspergillosis cases across the DRGs
analyzed was 0.80. CONCLUSIONS: Aspergillosis affects a wide range of patient groups and has a
negative economic impact across many DRGs. Improved prevention, diagnosis, and patient
management strategies can help mitigate these effects on hospital financial performance.
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C. APPENDIX C: LIST AND DEFINITIONS OF ICD OR PROCEDURAL CODES INCLUDED IN
ALGORITHMS
Because of the unusually broad nature of the outcome (infections), the 001-136 codes are listed in
categories. Tables 3 and 4 provide more detailed descriptions of many codes.
Type of Code

Code

Description

General Code Categories for Infectious and Parasitic Diseases
ICD-9-CM

001-009

Intestinal infectious diseases

ICD-9-CM

010-018

Tuberculosis

ICD-9-CM

020-027

Zoonotic bacterial diseases

ICD-9-CM

030-041

Other bacterial diseases

ICD-9-CM

042

Human immunodeficiency virus

ICD-9-CM

045-049

Poliomyelitis And Other Non-Arthropod-Borne Viral Diseases Of Central Nervous
System

ICD-9-CM

050-059

Viral Diseases Accompanied By Exanthem

ICD-9-CM

060-066

Arthropod-Borne Viral Diseases

ICD-9-CM

070-079

Other Diseases Due To Viruses And Chlamydiae

ICD-9-CM

080-088

Rickettsioses And Other Arthropod-Borne Diseases

ICD-9-CM

909-099

Syphilis And Other Venereal Diseases

ICD-9-CM

100-104

Other Spirochetal Diseases

ICD-9-CM

110-118

Mycoses

ICD-9-CM

120-129

Helminthiases

ICD-9-CM

130-136

Other Infectious And Parasitic Diseases

ICD-9-CM

137-139

Late Effects Of Infectious And Parasitic Diseases

Codes to Identify Invasive Aspergillosis
ICD-9

117.3

Aspergillosis

ICD-9

117.9

Other and Unspecified mycoses

ICD-9

348.8

Other conditions of the brain: cerebral calcification or
fungus

ICD-9

484.6

Pneumonia with aspergillosis

ICD-9

484.7

Pneumonia in other systemic mycoses
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ICD-9

495.4

Malt workers’ lung alveolitis due to Aspergillus clavatus

Codes to Identify Urinary Tract / Kidney Infections
ICD-9 and ICD-9-CM

590.x

Kidney infection, including pyelonephritis both acute and chronic (and others)

ICD-9 and ICD-9-CM

595.0

Acute cystitis

ICD-9 and ICD-9-CM

595.1

Urethral fistula

ICD-9 and ICD-9-CM

595.2

Urethral diverticulum

ICD-9 and ICD-9-CM

595.3

Urethral caruncle

ICD-9 and ICD-9-CM

595.4

Urethral false passage

ICD-9-CM

595.89

Other specified types of cystitis

ICD-9-CM

595.9

Cystitis unspecified

ICD-9-CM

597

Urethritis not sexually transmitted and urethral syndrome

ICD-9-CM

597.0

Urethral abscess

ICD-9-CM

597.8

Other urethritis

ICD-9-CM

597.80

Urethritis unspecified

ICD-9-CM

597.81

Urethral syndrome not otherwise specified

ICD-9-CM

597.89

Other urethritis

ICD-9 and ICD-9-CM

599.0

Urinary tract infection not otherwise specified

ICD-9-CM

599.x

Other disorders of the urethra and urinary tract (list seems too non-specific for
infection)

ICD-9-CM

601.x

Inflammatory diseases of prostate

ICD-9-CM

604.x

Orchitis and epididymitis

ICD-9-CM

607.1

Balanoposthitis

ICD-9-CM

614.x

Inflammatory disease of ovary fallopian tube pelvic cellular tissue and peritoneum

ICD-9-CM

615.x

Inflammatory diseases of uterus except cervix

ICD-9-CM

616.0

Cervicitis and endocervicitis

ICD-9-CM

616.1

Vaginitis and vulvovaginitis

ICD-9-CM

616.3

Abcess of bartholin's gland

ICD-9-CM

616.4

Other abcess of vulva

ICD-9-CM

616.8x

Other specified inflammatory diseases of cervix vagina and vulva
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Other Codes for Infections (Outside of 001-136 Infection Code Range and Not Urinary Tract)
ICD-9-CM

254.1

Abcess of thymus

ICD-9-CM

320.x

Bacterial meningitis

ICD-9-CM

321.x

Meningitis due to other organisms

ICD-9-CM

322.x

Meningitis of unspecified cause

ICD-9-CM

323.x

Encephalitis myelitis and encephalomyelitis

ICD-9-CM

324.x

Intracranial and intraspinal abscess

ICD-9-CM

325.x

Phlebitis and thrombophlebitis of intracranial venous sinuses

ICD-9-CM

326.x

Late effects of intracranial abscess or pyogenic infection

ICD-9-CM

331.81

Reye's syndrome

ICD-9-CM

372.0x

Acute conjunctivitis

ICD-9-CM

372.1x

Chronic conjunctivitis

ICD-9-CM

372.2x

Blepharoconjunctivitis

ICD-9-CM

372.3x

Other and unspecified conjunctivitis

ICD-9

380.1

Infective otitis externa unspecified

ICD-9 and ICD-9-CM

382.0x

Acute suppurative otitis media

ICD-9-CM

382.1

Chronic tubotympanic suppurative otitis media

ICD-9-CM

382.2

Chronic atticoantral suppurative otitis media

ICD-9-CM

382.3

Unspecified chronic suppurative otitis media

ICD-9-CM

382.4

Unspecified suppurative otitis media

ICD-9-CM

383.0

Acute mastoiditis

ICD-9-CM

386.33

Suppurative labyrinthitis

ICD-9-CM

386.35

Viral labyrinthitis

ICD-9-CM

388.60

Otorrhea unspecified

ICD-9-CM

390

Rheumatic fever without heart involvement

ICD-9-CM

391.x

Rheumatic fever with heart involvement

ICD-9-CM

392.x

Rheumatic chorea

ICD-9-CM

393

Chronic rheumatic pericarditis

ICD-9

420.x

Acute pericarditis
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ICD-9

421.x

Bacterial endocarditis

ICD-9-CM

421.x

Acute and subacute endocarditis

ICD-9-CM

422.x

Acute myocarditis

ICD-9

440.24

Athersclerosis of native arteries of the extremities with gangrene

ICD-9-CM

460.x

Acute nasopharyngitis

ICD-9-CM

461.x

Acute sinusitis

ICD-9-CM

462.x

Acute pharyngitis

ICD-9-CM

463.x

Acute tonsillitis

ICD-9-CM

464.x

Acute laryngitis and tracheitis

ICD-9-CM

465.x

Acute upper respiratory infections of multiple or unspecified sites

ICD-9-CM

466.x

Acute bronchitis and bronchiolitis

ICD-9-CM

472.x

Chronic pharyngitis and nasopharyngitis

ICD-9-CM

473.x

Chronic sinusitis

ICD-9-CM

474.0x

Chronic tonsillitis and adenoiditis

ICD-9-CM

475

Peritonsillar abscess

ICD-9-CM

476.x

Chronic laryngitis and laryngotracheitis

ICD-9-CM

477.x

Allergic rhinitis

ICD-9-CM

478.22

Parapharyngeal abscess

ICD-9-CM

478.24

Retropharyngeal abscess

ICD-9-CM

478.29

Other diseases of pharynx or nasopharynx

ICD-9-CM

480.x

Viral pneumonia

ICD-9-CM

481.x

Pneumococcal pneumonia (streptococcus pneumoniae pneumonia)

ICD-9-CM

482.x

Other bacterial pneumonia

ICD-9-CM

483.x

Pneumonia due to other specified organism

ICD-9-CM

484.x

Pneumonia in infectious diseases classified elsewhere

ICD-9-CM

485.x

Bronchopneumonia organism unspecified

ICD-9-CM

486.x

Pneumonia organism unspecified

ICD-9-CM

487.x

Influenza

ICD-9-CM

488.x

Influenza due to certain identified influenza viruses
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ICD-9-CM

490.x

Bronchitis not specified as acute or chronic

ICD-9-CM

491.x

Chronic bronchitis

ICD-9-CM

494.x

Bronchiectasis

ICD-9-CM

510.x

Empyema

ICD-9-CM

511.x

Pleurisy

ICD-9-CM

513.x

Abscess of lung and mediastinum

ICD-9-CM

514.x

Pulmonary congestion and hypostasis

ICD-9-CM

515.x

Postinflammatory pulmonary fibrosis

ICD-9-CM

516.x

Other alveolar and parietoalveolar pneumonopathy

ICD-9-CM

517.x

Lung involvement in conditions classified elsewhere

ICD-9-CM

518.0

Pulmonary collapse

ICD-9-CM

518.1

Interstitial emphysema

ICD-9-CM

518.2

Compensatory emphysema

ICD-9-CM

518.3

Pulmonary eosinophilia

ICD-9-CM

518.4

Acute edema of lung unspecified

ICD-9-CM

518.5

Pulmonary insufficiency following trauma and surgery

ICD-9-CM

518.6

Allergic bronchopulmonary aspergilliosis

ICD-9

519.2

Mediastinitis

ICD-9-CM

522.5

Periapical abscess without sinus

ICD-9-CM

522.7

Periapical abscess with sinus

ICD-9-CM

527.3

Abscess of salivary gland

ICD-9

528.2

Oral aphthae (considered of unknown etiology, so unclear whether appropriate for
infection)

ICD-9-CM

528.3

Cellulitis and abscess of oral soft tissues

ICD-9-CM

540.x

Acute appendicitis

ICD-9-CM

541.x

Appendicitis unqualified

ICD-9-CM

542.x

Other appendicitis

ICD-9

550.0x

Inguinal hernia with gangrene

ICD-9-CM

566.x

Abscess of anal and rectal regions
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ICD-9-CM

567.x

Peritonitis and retroperitoneal infections

ICD-9-CM

569.5

Abscess of intestine

ICD-9-CM

572.0

Abscess of liver

ICD-9-CM

572.1

Portal pyemia

ICD-9-CM

572.2

Hepatic encephalopathy (seems too non-specific to classify as infection)

ICD-9-CM

573.1

Hepatitis in viral diseases classified elsewhere

ICD-9-CM

573.2

Hepatitis in other infectious diseases classified elsewhere

ICD-9-CM

573.3

Hepatitis unclassified

ICD-9-CM

575.0

Acute cholecystitis

ICD-9-CM

575.1x

Other cholecystitis

ICD-9-CM

611.0

Inflammatory disease of the breast

ICD-9-CM

670.x

Major puerperal infection, unspecified

ICD-9-CM

680.x

Carbuncle and furuncle

ICD-9-CM

681.x

Cellulitis and abscess of finger and toe

ICD-9-CM

682.x

Other cellulitis and abscess

ICD-9-CM

683.x

Acute lymphadenitis

ICD-9-CM

684.x

Impetigo

ICD-9-CM

685.x

Pilonidal cyst

ICD-9-CM

686.x

Other local infections of skin and subcutaneous tissue

ICD-9-CM

706.0

Acne varioliformis

ICD-9-CM

711.x

Arthropathy associated with infections

ICD-9

728.0

Infective myositis

ICD-9-CM

730.0x

Acute osteomyelitis

ICD-9-CM

730.1x

Chronic osteomyelitis

ICD-9-CM

730.2x

Unspecified osteomyelitis

ICD-9-CM

730.3x

Periostitis without mention of osteomyelitis

ICD-9-CM

730.8x

Other infections involving bone in diseases classified elsewhere

ICD-9-CM

730.9x

Unspecified infection of bone

ICD-9 and ICD-9-CM

790.7

Bacteremia
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ICD-9-CM

790.8

Unspecified viremia

ICD-9-CM

996.62

Infection and inflammatory reaction due vascular device, implant and graft

ICD-9-CM

996.68

Infection and inflammatory reaction due to peritoneal dialysis catheter

ICD-9

996.6x

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

ICD-9-CM

997.62

Infection (chronic) of amputation stump

ICD-9-CM

998.5x

Postoperative infection not elsewhere classified

ICD-9-CM

999.3x

Other infection due to medical care not elsewhere classified

ICD-9-CM

V01.x

Contact with or exposure to communicable diseases (seems inappropriate to
classify as infection)

ICD-9-CM

V02.x

Carrier or suspected carrier of infectious diseases

ICD-9-CM

V03.x

Need for prophylactic vaccination and inoculation against bacterial diseases (seems
inappropriate to classify as infection)

ICD-9-CM

V04.x

Need for prophylactic vaccination and inoculation against viral diseases (seems
inappropriate to classify as infection)

ICD-9-CM

V05.x

Need for other prophylactic vaccination and inoculation against single diseases
(seems inappropriate to classify as infection)

ICD-9-CM

V06.x

Need for prophylactic vaccination and inoculation against combinations of diseases
(seems inappropriate to classify as infection)

ICD-9

V08.x

Asymptomatic infection with HIV

ICD-9-CM

V09.x

Infection with drug-resistant microorganisms

Codes for Procedures or Conditions Not Specific to Infection
DRG

103

Heart transplant or implant of heart assist system

DRG

302

Kidney transplant

DRG

480

Liver transplant and/or intestinal transplant

DRG

495

Lung transplant

ICD-9-CM
procedure

36.1x

Coronary artery bypass graft surgery

Revenue code

38x

Purchased blood

Revenue code

39x

Donated blood

ICD-9-CM
procedure

99.0x

Blood transfusion

ICD-9

394.x-397.x

Valvular heart disease
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ICD-9

424.0x-424.1x

Valvular heart disease

ICD-9-CM

996.81

Complications of transplanted kidney

ICD-9-CM

996.82

Complications of transplanted liver

ICD-9-CM

996.83

Complications of transplanted heart

ICD-9-CM

996.84

Complications of transplanted lung

ICD-9-CM

996.85

Complications of transplanted bone marrow
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