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I. EXECUTIVE SUMMARY 

A. OVERVIEW OF PROJECT 

In May 2008, the U.S. Food and Drug Administration (FDA) launched the Sentinel Initiative, a long-term 
program designed to create a national electronic monitoring system for medical product safety (the 
Sentinel System).1-2 The Mini-Sentinel pilot is a collaborative effort between the FDA and a consortium 
of institutions, led by Harvard Pilgrim Healthcare Institute, to develop the scientific operations needed 
for the eventual Sentinel System. Since accurate and timely identification of health outcomes is an 
essential component of active safety surveillance, Mini-Sentinel convened a workgroup to establish a 
process for development and validation of an algorithm to identify cases of anaphylaxis using health 
plan administrative and claims data. 
 
The algorithm development  and validation process consisted of six parts: 1) development of an 
electronic claims-based algorithm to identify patients with anaphylaxis from medical claims; 2) 
formulation of a clinical definition for anaphylaxis for use with medical records data; 3) development of 
a method for the Data Partners to sample, retrieve, and de-identify medical records of a sample of 
patients who have been identified by the algorithm formulated in Step 1; 4) creation of a structured 
data abstraction form to enable collection of information relevant to the determination of anaphylaxis 
from medical records and abstraction by a trained abstractor; 5) adjudication of anaphylaxis cases based 
on physician review of the completed data abstraction forms; and 6) determination of the positive 
predictive value of the constructed algorithm.   

B. SUMMARY OF FINDINGS 

An algorithm which included diagnostic and procedure codes was developed with the goal of improving 
the positive predictive value (PPV) from previously published results.  Data Partners provided charts 
with a median of 18 pages (range 1 to 604 pages).  Adjudicators were asked to make a judgment on 
whether the case met the clinical definition of anaphylaxis.  Of the 122 potential cases, adjudicators 
determined that 77 cases were anaphylaxis.  Overall the PPV was 62.6% (95% confidence interval (95% 
CI), 53.4% to 71.2%).  Using specific combinations of codes used in the original algorithm, we developed 
a modified algorithm with a higher PPV (75.0%) than the original algorithm but only 66% of confirmed 
cases would be identified using the modified algorithm (51 of 77 total confirmed cases).  Among those 
cases which did not meet the clinical criteria for anaphylaxis, there were 16 cases for which clinician 
adjudicators agreed that the patients experienced severe allergic reactions, requiring emergent 
treatment.  If the anaphylaxis cases and severe allergic reaction cases were combined, the PPV of the 
algorithm for identifying anaphylaxis or severe allergic reactions was 76.2% (95% CI, 67.7%-83.5%).  Key 
decision points included: (1) balance of optimizing the positive predictive value (PPV) of the anaphylaxis 
algorithm while taking into account that anaphylaxis is potentially under-diagnosed; and (2) whether to 
include chart abstractions or have physicians review the medical records directly due to the short length 
of most records and the complexity of data being abstracted.  

C. RECOMMENDATION FOR VALIDATION APPROACH AND SUGGESTION FOR FUTURE 
INVESTIGATIVE EFFORTS 

While the PPV of the evaluated algorithm (63%) was higher than estimates reported in prior published 
studies, the PPV of the algorithm developed in this study remains low.  Investigators using this algorithm 
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should be cognizant of the fact that it may misidentify as anaphylaxis a certain number of cases of 
severe allergic reaction, but that if used for purposes of drug surveillance, this may be acceptable. We 
evaluated the PPV in the overall population enrolled in eight health plans.  For people exposed to a 
given drug or biologic and for a given post-exposure time period, PPVs of the algorithm (or specific 
criteria within the algorithm) may differ from our findings; therefore, further validation of the 
anaphylaxis algorithm may be warranted for specific study purposes.  
 

II. BACKGROUND 

The Summary Report of the Second National Institute of Allergy and Infectious Disease/Food Allergy and 
Anaphylaxis Network symposium defines anaphylaxis as “a serious allergic reaction that is rapid in onset 
and may cause death.”4 Incidence rates reported in studies in U.S. populations vary greatly, ranging from 
approximately 10 to > 30 per 100,000 person-years.5-7 Discrepancies may be related to differences in the 
study populations, study design/case ascertainment methods, or the definition and criteria used to 
determine cases.  

Published studies have reported that approximately 11 to 17% of cases of anaphylaxis were attributed 
to administration of a medication, immunotherapy, or a diagnostic agent.5,7 While the risk of anaphylaxis 
is not well-known for most medications, evaluation of spontaneous reports has led to black box 
warnings for a number of medications (e.g. omalizumab, aproptinin, paclitaxel), as well as withdrawal of 
zomepirac sodium.8  

 
Few published studies have evaluated the validity of health plan administrative and claims data to 
identify anaphylaxis (Table 1).5-6,9 These studies are summarized in the Mini-Sentinel Systematic 
Evaluation of Health Outcome of Interest Definitions for Studies Using Administrative Data: Anaphylaxis 
Report (http://www.mini-sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-
Review-Anaphylaxis-Report.pdf).  In this report there were two studies which evaluated the validity of 
health plan administrative data to identify anaphylaxis5,9 and an additional study was published after the 
search results for the Mini-Sentinel report were completed.6  
 
Bohlke et al. identified potential cases of anaphylaxis occurring between 1991 and 1997 in a population 
of children and adolescents enrolled in Group Health Cooperative, a health maintenance organization in 
Washington state.5  Investigators reviewed the medical charts of all potential cases identified using 
diagnosis codes specific for anaphylaxis (e.g. ICD-9-CM 995.0, other anaphylactic shock; ICD-9-CM 995.6, 
anaphylactic shock caused by adverse food reaction) and a sample of cases identified with other 
nonspecific codes (e.g. ICD-9-CM, 995.3, allergy unspecified).  Administrative and claims data from 
hospitalizations, emergency department visits, and ambulatory encounters were assessed.  The code 
with the highest positive predictive value was ICD-9-CM 995.0, with 55% of potential cases confirmed to 
be a probable or possible case of anaphylaxis.  The positive predictive values for nonspecific codes were 
much lower; for example, the positive predictive value for ICD-9-CM 995.3 (allergy unspecified) was 1%. 
 
Johannes et al. evaluated the incidence of allergic reactions after exposure to anti-bacterial agents 
among members enrolled in a large U.S. health plan from July 2000 to June 2004.9 For patients with an 
emergency department or hospitalization claim for anaphylaxis (ICD-9-CM 995.0), medical record review 
was conducted.  Sixteen of 28 patients (57%) with this code were confirmed to have anaphylaxis. 
 

http://www.mini-sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-Review-Anaphylaxis-Report.pdf
http://www.mini-sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-Review-Anaphylaxis-Report.pdf


 
 
 

HOI Validation - 3 -      Anaphylaxis 

Iribarren et al. evaluated the validity of ICD-9- CM code 995.0 among a cohort of patients diagnosed 
with asthma and a comparison group of patients without asthma enrolled in Kaiser Permanente 
Northern California between 1996 and 2006.6  Administrative and claims data from hospitalizations, 
emergency department visits, and ambulatory encounters were assessed.  Medical record review was 
conducted and cases were confirmed based upon the Summary Report of the Second National Institute 
of Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network symposium.4  Of the 109 
potential cases reviewed, 57 (52%) were confirmed as likely/probable cases. 

In summary, the epidemiology of drug-induced anaphylaxis is not well-described.  Given the severity of 
the condition, drug-induced anaphylaxis is a major public health concern.  Limited data have been 
published on the validity of health plan administrative and claims data for the identification of 
anaphylaxis.   A validated method of identifying anaphylaxis using administrative data would facilitate 
evaluation of the risk of anaphylaxis associated with medications and biologics of interest for the post-
market surveillance of medical products within the Mini-Sentinel (MS) program.    

 

III. METHODS 

A. OVERVIEW OF DESIGN FOR THE ANAPHYLAXIS VALIDATION  

The Mini-Sentinel Anaphylaxis Validation project was a collaboration between the FDA, the Mini-
Sentinel Operations Center (MSOC), and selected Academic and Data Partners.  Five Mini-Sentinel Data 
Partners participated in this project: (1) HealthCore, Inc.; (2) Humana; (3) three member health plans 
within the Kaiser Permanente Center for Effectiveness and Safety Research; (4) two member health 
plans within the HMO Research Network; and (5) Vanderbilt University. 
 
The validation process consisted of six parts: 1) development of an electronic claims-based algorithm to 
identify patients with anaphylaxis; 2) identification of a clinical definition for anaphylaxis for use with 
medical records data; 3) development of a method for the Data Partners to sample, retrieve, and de-
identify medical records from a sample of patients identified by the algorithm formulated in Step 1; 4) 
creation of a structured data abstraction form to enable collection of information relevant to the 
determination of anaphylaxis from medical records and abstraction by a trained abstractor; 5) physician 
adjudication to determine whether potential cases were anaphylaxis  by reviewing the data abstraction 
forms and using the clinical definition; and 6) determination of the positive predictive value of the 
constructed algorithm.   
 
In collaboration with the Mini-Sentinel Operations Center and the FDA, the workgroup reviewed the 
Mini-Sentinel Systematic Evaluation of Health Outcome of Interest Definitions for Studies Using 
Administrative Data: Anaphylaxis Report (http://www.mini-
sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-Review-Anaphylaxis-
Report.pdf) and other research studies that have employed administrative data for identification of 
anaphylaxis cases.  Clinical guidelines for the diagnosis of anaphylaxis were also reviewed.4  The 
workgroup used this information to develop a case definition of anaphylaxis.  The case definition 
included elements of the clinical history, including presenting symptoms, time interval between 
exposure (if known) and onset of symptoms, and treatment received.4  Unlike acute myocardial 
infarction, for which laboratory and electrocardiographic data facilitate the diagnosis, the diagnosis of 
anaphylaxis is a clinical diagnosis based primarily on history and physical exam findings.  In addition, 
acute serious cases are expected to be treated in a number of different medical practice settings 

http://www.mini-sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-Review-Anaphylaxis-Report.pdf
http://www.mini-sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-Review-Anaphylaxis-Report.pdf
http://www.mini-sentinel.org/work_products/HealthOutcomes/Mini-Sentinel-HOI-Evidence-Review-Anaphylaxis-Report.pdf
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requiring sampling and review of medical records from inpatient, emergency department, and 
outpatient encounters.  This information was used to guide the development and validation of an 
algorithm to identify potential cases of anaphylaxis.   

B. DEVELOPMENT OF AN ELECTRONIC CLAIMS-BASED ANAPHYLAXIS  

1.        B1. Determination of Possible Codes of Interest     
 
The goal of this project was to develop and validate an algorithm to identify cases of anaphylaxis using 
administrative health plan data. The algorithm described below (section B.2) was selected to include 
sets of codes that will have a high positive predictive value, while also addressing the concern that the 
condition is underdiagnosed. 

a) B.1.a. Codes for ‘Other Anaphylatic Shock (ICD-9-CM 995.0) and Anaphylactic Shock due to 
Serum (ICD-9-CM 999.4) 

Two ICD-9-CM diagnosis codes specifically indicating anaphylaxis include 995.0 (other anaphylactic 
shock) and 999.4 (anaphylactic shock due to serum). The validity of code 995.0 has been evaluated in a 
few studies (Table 1).5-6,9 These studies report positive predictive value estimates ranging from 
approximately 52 to 57% for this specific code.  Bohlke et al. reported a positive predictive value of 0% 
for code 999.4; however, only 10 potential cases were evaluated.  We were unable to identify any other 
studies that validated this code.  The study by Bohlke et al. also reported that 71% of confirmed cases of 
anaphylaxis (overall) were seen in the emergency department (ED) or urgent care and 19% were seen in 
an outpatient clinic; 11% resulted in hospitalization.  Iribarren et al. reported that 21% of encounters 
identified with 995.0 were actually determined to be cases for which the patient had a history of 
anaphylaxis, rather than an acute event on the specific encounter date.   
 
Thus, the results of these studies suggest that further qualifiers should be included with codes 995.0 and 
999.4 to result in a higher positive predictive value for these two codes.  The algorithm described below 
selects all inpatient and ED encounters with ICD-9-CM codes 995.0 and 999.4. The algorithm selects 
outpatient encounters with these codes only if additional qualifiers (symptoms or treatment codes) are 
also present during the encounter.  For outpatient encounters, patients with an encounter in the prior 
30 days that documents an anaphylaxis code (995.0, 999.4) are excluded. The rationale for this 
differentiation includes: 1) studies evaluating the validity of codes for other disease states have 
generally indicated higher positive predictive values for inpatient and ED codes than 
outpatient/ambulatory codes, 2) the study by Iribarren et al. suggests that a substantial proportion of 
encounters may be follow-up visits (history of) for the diagnosis, which would occur in an outpatient 
setting, 3) a preliminary query of data from MS data partners indicated that the number of 
outpatient/ambulatory encounters with code 995.0 documented is approximately 7-fold higher than the 
number of ED encounters (or inpatient encounters), which is contrary to the distribution of encounters 
with confirmed cases reported by Bohlke et al. 
 
Qualifiers for outpatient visits include the following diagnoses or treatments: bronchospasm, stridor, 
hypotension, epinephrine, injection of diphenhydramine, or CPR. These diagnoses and treatments were 
selected based upon the definition described in the Summary Report of the second National Institute of 
Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network symposium,4 as well as 
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descriptions of the symptoms and treatment patterns described in the studies by Bohlke et al. and 
Iribarren et al. 
 
Our rationale for excluding patients with an anaphylaxis code within 30 days prior to the index date from the 
primary analysis is to reduce the likelihood of identifying patients who are presenting for follow up of a prior 
anaphylaxis event.  

b) B.1.b. Additional Nonspecific Codes (ICD-9- CM 995.3, 995.2 and E930-E949) Potentially Used 
to Identify Cases of Anaphylaxis  

 
ICD-9-CM diagnosis codes 995.3 (allergy unspecified), 995.2 (other and unspecified adverse effect of 
drug, medicinal and biological substance [due] to correct medicinal substance properly administered) 
and E930-E949 (drugs, medicinal and biological substances causing adverse effects in therapeutic use) 
are included in the algorithm described below to potentially identify undocumented cases of 
anaphylaxis.  Bohlke et al. reported a positive predictive value of 1% for code 995.3.  Given the very low 
positive predictive value for this code and the results of a preliminary query of data from MS data 
partners, which indicated that the number of encounters with 995.3 is approximately 20-fold higher 
than the number of encounters with code 995.0 (other anaphylactic shock), additional qualifiers have 
been added for this code.  No published studies have used codes 995.2 or E930-E949 to identify 
anaphylaxis.  In addition, the results of a preliminary query of data from MS data partners indicated that 
the number of encounters with 995.2 is approximately 10-fold higher than the number of encounters 
with code 995.0.   
 
Thus, at least two additional criteria are included in the algorithm for encounters with ICD-9-CM codes 
995.3, 995.2, and E930-E949 for patients to be selected as a potential case.  Specifically, encounters 
should include both: 1) evidence of an allergic component (codes for bronchospasm, stridor, or injection 
of diphenhydramine) and 2) treatments or symptoms more specific to a serious allergic 
reaction/anaphylaxis (hypotension, epinephrine, or cardiopulmonary resuscitation [CPR]).  Only ED and 
inpatient encounters were included to reduce the number of false positives.   

2.        B2. Final Algorithm for Identification of Cases of Anaphylaxis 
 
Based upon information from published studies, preliminary data from the data partners, and clinical 
guidelines, the algorithm evaluated included the following diagnosis and procedure codes.   
 

Encounter with ICD-9-CM code  
 
Criterion A:  (995.0 [other anaphylactic shock] or 999.4 [anaphylactic shock due to serum]) 
inpatient or emergency department encounter  

 
      OR  

 
Criterion B:  (995.0 [other anaphylactic shock] or 999.4 [anaphylactic shock due to serum]) 
outpatient encounter PLUS a code for one of the following symptoms/procedures/treatments:  

i. bronchospasm (519.11) or   
ii. stridor (786.1) or  
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iii. hypotension (458.9) or  
iv. epinephrine (J0170 or J0171) OR  
v. injection of diphenhydramine (J1200) or  

vi. CPR (92950 or 99.60)  
 
OR 

 
Criterion C:  (995.3 [allergy unspecified] or 995.2 [other unspecified adverse effect of drug] or 
E930-E949 [drugs, medicinal and biological substances causing adverse effects in therapeutic 
use]) inpatient or emergency department encounter  

vii. PLUS a code for one of the following symptoms/procedures/treatments:  
1. bronchospasm (519.11) or   
2. stridor (786.1) or  
3. injection of diphenhydramine (J1200)  

viii. and ALSO a code for one of the following symptoms/procedures/treatments 
1. hypotension (458.9) or  
2. epinephrine (J0170 or J0171) or  
3. CPR (92950 or 99.60)  

 
For inpatient and ED codes: all patients who met inclusion criteria were sampled.  
For outpatient encounters: All patients who met inclusion criteria, excluding patients with an 
encounter in the prior 30 days that documented an anaphylaxis code (995.0 or 999.4) were 
sampled. 
 

 Table 2 shows the definitions for the included codes.  

C. CLINICAL DEFINITION OF ANAPHYLAXIS 

The clinical definition of anaphylaxis for confirmation of cases is taken from the Summary Report of the 
Second Symposium on the Definition and Management of Anaphylaxis from the Second National 
Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network Symposium.4  The 
criteria includes three different clinical situations in which anaphylaxis should be considered; these 
include a combination of skin, respiratory, blood pressure, and GI symptoms.(Table 3) This definition 
was selected because it is the most widely used criteria, developed from two symposiums.  The clinical 
definition stipulates that symptoms may occur up to “several hours” after the exposure.  Michelle 
Conroy, MD, Assistant Professor of Medicine at the University of Massachusetts Medical School, and a 
board-certified allergist-immunologist, consulted with us on the time frame for onset of anaphylaxis.  
Based on this input, we allowed a maximum of 8 hours from the known exposure for our clinical 
definition. 

D. SAMPLING, RETRIEVAL, AND DE-IDENTIFICATION OF MEDICAL RECORDS 

1.        D1. Identification and sampling of potential cases 
 
The goal of this Mini-Sentinel activity was to validate the diagnostic codes used to identify likely 
anaphylaxis cases across all Data Partners. We estimated that a simple random sample of 100 would allow 
determination of the positive predictive value of the diagnostic coding algorithm for anaphylaxis with a 
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95% confidence interval of ± 0.8, assuming a positive predictive value of 80%.  Thus, we determined that 
100 charts would be sufficient to obtain an overall assessment of the PPV, although this limited sample 
would be insufficient to evaluate the sensitivity of the PPV across a full range of scenarios relating to Data 
Partners and patient characteristics.  Since the purpose of this workgroup was to develop an algorithm 
that could identify cases of anaphylaxis within observational cohorts with minimal misclassification, we 
chose to focus on the positive predictive value.  We felt that optimizing this parameter would allow 
researchers sufficient confidence in the coding-based algorithm for future use. 
 
Based on the algorithm described above (Section B.2), the Operations Center developed a SAS program, 
tested it with two Data Partners for accuracy, and then distributed it to all Data Partners participating in 
the project.  In order to identify a random sample of anaphylaxis cases and the hospitals in which they 
received care, participating Data Partners executed the SAS program to query their own locally 
maintained administrative and claims data.  Mini-Sentinel uses a distributed data approach in which 
Data Partners maintain physical and operational control over electronic data in their existing 
environments.  Data Partners execute standardized programs provided by the Operations Center and 
then share the output of these programs, typically in summary form, with the Operations Center.  Data 
Partners transform their data into the Mini-Sentinel Common Data Model (MSCDM) format in order to 
standardize administrative and clinical information across Data Partners prior to running the SAS 
programs.  To obtain approximately 100 cases for eventual adjudication, efforts were made to identify 
150 cases distributed across all participating Data Partners, with all but one participating Data Partner 
pursuing an equal number of cases (one Data Partner sampled 60 cases, rather than 30, to better ensure 
that a minimum of 30 charts would be obtained).  
 
The following Data Partners of the Mini-Sentinel Network participated: Vanderbilt; HealthCore, Inc.; 
Humana; three member health plans within the Kaiser Permanente Center for Effectiveness and Safety 
Research (Kaiser Permanente Colorado, Kaiser Hawaii, Kaiser Permanente Northwest); and two member 
health plans in the HMO Research Network (HealthPartners, Harvard Pilgrim Health Care).  Eligible 
patients had at least 30 days of continuous enrollment in their respective health plan prior to the 
encounter date identified with a code or codes suggestive of anaphylaxis (see section B.2) recorded 
between January 1, 2009 and December 31, 2010.  There were no restrictions on age, sex, other 
diagnoses, or other patient characteristics.   
 
Together, the Mini-Sentinel Distributed Database encompasses demographic data, medical diagnoses 
(recorded using ICD-9-CM diagnostic codes), medical procedures, and prescription claims maintained by 
each Mini-Sentinel Data Partner locally behind established firewalls.  In 2010, the Office for Human 
Research Protections at the Department of Health and Human Services determined that the Common 
Rule does not apply to activities conducted under the Sentinel Initiative.10  Therefore, the Mini-Sentinel 
Anaphylaxis Workgroup and institutions participating as Data Partners did not need to obtain review of 
this study by their respective Institutional Review Boards or seek to obtain waivers of authorization 
under the Health Insurance Portability and Accountability Act (HIPAA). 

2.        D2. Retrieval and redaction of medical records 
 
The Operations Center was primarily responsible for establishing protocols for ensuring the privacy of 
data and for explaining the status of this data collection activity as public health surveillance. The 
Operations Center provided each Data Partner with a privacy packet prepared by the Mini-Sentinel 
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Privacy Panel (Appendix A). This packet included: (1) the Mini-Sentinel Privacy Panel White Paper 
describing data privacy issues in Mini-Sentinel; (2) a letter from the Department of Health and Human 
Services’ Office for Human Research Protections (OHRP) to the FDA stating that the regulations OHRP 
administers do not apply to the Sentinel Initiative (OHRP oversees all IRBs); (3) a letter from the FDA to 
the Mini-Sentinel Principal Investigators stating that Mini-Sentinel is a Sentinel Initiative activity); and (4) 
a letter from FDA which indicated that the anaphylaxis validation project is a Sentinel/Mini-Sentinel 
project. The privacy packet described the legal basis for determining that the work of the Mini-Sentinel 
pilot constituted a public health activity not under the purview of the IRB. Data Partners were asked to 
disseminate this information to their IRBs and Privacy Boards as well as any other relevant entities. The 
Operations Center also provided an instructional flowchart and customizable letter template to provider 
sites in the activity protocol. The letter (addressed to each provider site from specific Data Partners) 
explained the purpose of the project and explained what was being requested. Letters also explained 
that the request was being carried out on behalf of Mini-Sentinel and the FDA (Appendix A). The 
flowchart outlined the array of possible scenarios for chart retrieval and detailed the steps for chart 
redaction and data transmission (Appendix A). 

Data Partners asked source data holders (e.g., individual medical records departments) for access to the 
medical records for sampled patients for the identified medical encounter.  Source data holders either 
sent the medical records to vendors commissioned to extract, copy, and redact the requested 
information, or allowed Data Partners direct access to records for extraction, copying, and redaction. 
Redaction of individually identifiable information was performed in accordance with HIPAA’s “minimum 
necessary standard.” 
 
The Mini-Sentinel Operations Center worked with the Data Partners to obtain redacted photocopies or 
printouts of relevant portions of the medical records.  A Data Partner medical record extraction checklist 
was developed (Appendix B); the Data Partners completed and transmitted the checklist to the Mini-
Sentinel Operations Center for each sampled potential case, along with the redacted portions of the 
medical records.  
 
Components of the medical record that were requested from the Data Partners for validation purposes 
from a hospitalization of interest included: physician notes (including history and physical notes, 
discharge summaries, progress notes, consult notes, death notes), all orders, nursing medication 
administration record, all available information on vital signs (heart rates, blood pressures, temperature, 
respiration rate, pulse oxygenation level), allergy list, and transfer note (if applicable).  From an 
emergency department visit of interest, it included: all emergency room notes, all EMT/ambulance 
notes, all orders, nursing medication administration record, and all available information on vital signs 
(heart rates, blood pressures, temperature, respiration rate, and pulse oxygenation level). From an 
outpatient visit of interest, the requested chart sections included all clinician notes from the visit date, 
all EMT/ambulance notes (if applicable), all vitals from the visit date, all orders from the visit date, 
medication administration record if any medications administered in clinic, allergy list, and outpatient 
allergist notes from 30 days after the visit date.  (Table 4)  

Designated staff at each Data Partner or vendors contracted by the Data Partners completed chart 
redactions internally. Redaction of individually identifiable information was performed in accordance 
with HIPAA’s provisions for a ‘limited dataset,’ which is an alternative to using fully de-identified 
information.  Under HIPAA, creation of a limited dataset requires removal of 16 direct identifiers, but 
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allows for the inclusion of dates, geographic location (not as specific as street address), and any other 
code or characteristic not explicitly excluded.11 Redaction was completed before the chart components 
were transferred to the Operations Center.  Each Data Partner assigned a new, de-identified ID unique 
to each redacted chart prior to transferring extracted data, and maintained a crosswalk between the 
newly assigned IDs and the original (also de-identified) IDs. 
 
Data Partners were provided with credentials to login to the Mini-Sentinel Secure Portal for transferring, 
managing, or retrieving chart components. Security was managed within the folder structure of the site; 
the Secure Portal contains private folders accessible only to specified members within each Data Partner 
site and authorized Operations Center staff, as well as common folders defined for all users. Data 
Partners electronically uploaded redacted charts to their site-specific private folders. The Operations 
Center verified that all charts were redacted thoroughly and then moved all files to a separate private 
folder, allowing the lead team access to the data. While the Operations Center is allowed to receive un-
redacted medical chart data based on Mini-Sentinel‘s status as a public health surveillance activity,10 
every effort was made to de-identify the data prior to its transmission to the Operations Center.  
 
Redacted chart data were sent to the Mini-Sentinel Operations Center via the Mini-Sentinel Secure 
Portal.  Through this website, the redacted medical records were made available to the study team for 
centralized abstraction and adjudication. 

E. DATA ABSTRACTION 

The workgroup developed and tested a medical record abstraction form to be used in validating 
anaphylaxis (Appendix C).  A list of elements of the medical record considered essential to the validation 
and adjudication process was developed by the workgroup.  For each case, the availability of each of the 
essential elements of the medical record was recorded.  For example, blood pressure was considered an 
essential element, and the presence or absence of blood pressure measurements was recorded during 
abstraction. The form was developed for easy use by abstractors who were not clinical experts in 
anaphylaxis. The Co-PI (KW) performed a pilot test of the form for content in a sample of 10 medical 
records (separate from the identified cases within the random sample).  
 
Abstraction was performed by two trained abstractors.  The study team trained the data abstractors to 
enter abstracted information onto a paper form and provided the abstractors with an instruction 
manual.  During the piloting of the data abstraction forms, the abstractors and Co-PI (KW) both 
performed abstractions on the first 10 selected patients from the data partners.  The physician 
adjudicators reviewed the first 10 completed data abstraction forms to ensure that the data gathered in 
the abstraction form was accurate and comprehensive.  

F. ADJUDICATION 

The workgroup developed an adjudication form for clinical experts to evaluate data from the medical 
record abstraction and determined whether or not the case could be confirmed as anaphylaxis 
(Appendix D). The adjudication form included judgments about whether anaphylaxis occurred. The 
workgroup convened three clinicians with expertise relevant to anaphylaxis (two emergency 
department physicians and one allergist) to adjudicate all abstractions.  The clinician experts were 
trained in the adjudication process. Two clinician experts independently reviewed abstraction materials 
to make a judgment about whether anaphylaxis occurred, using the clinical definition of anaphylaxis as a 
gold standard.  In cases where the two clinician experts did not agree regarding whether anaphylaxis 
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occurred, the experts discussed and came to consensus.  If they could not agree after discussion, a third 
clinician expert reviewed the abstraction materials and made a judgment.  Inter-rater reliability was 
calculated using Cohen’s kappa statistic. 12 The kappa scores between adjudicator pairs were found to 
be 0.52, 0.58, and 0.66, which indicates moderate agreement.   
 
Because there was little information in previous publications about cases found not to be anaphylaxis, 
the workgroup attempted to identify clinical diagnoses for cases identified by the algorithm but not 
judged to meet clinical criteria.  Two physicians, including a workgroup co-lead investigator (KW) and 
one allergist, reviewed each of these cases independently and developed a taxonomy for their 
diagnoses.  

G. DATA ANALYSIS 

For our primary analysis, we determined the positive predictive value of the anaphylaxis electronic claims-
based algorithm for confirmed definite events. For secondary analyses, we also calculated PPVs by patient 
age group (0 -10 years, 11-19 years, 20-64 years, > 65 years), gender, Data Partner, and each ‘set’ of 
criteria outlined in the algorithm (A,B,C; section B.2).  We evaluated the PPVs of individual ICD-9-CM codes 
and combinations of codes used in the algorithm.  We also calculated PPVs overall and for each set of 
criteria using a composite outcome of anaphylaxis/serious allergic reaction (confirmed definite events of 
either anaphylaxis or serious allergic reaction).  Exact binomial confidence intervals were calculated 
(http://statpages.org/confint.html). 
 
In the overall Data Partner population, we also determined the frequency of encounters and patients with 
each code (diagnosis and procedure) outlined in the algorithm (overall and according to encounter type) 
to assess the relative use of the codes across Data Partners during the study period.  
 

IV. RESULTS 

A. CASE RETRIEVAL RESULTS 

1. A1. Percent of charts obtained 
 

One of the 150 potential cases of anaphylaxis randomly selected was found to not meet criteria for 
selection (did not meet criteria A, B, or C) after the Data Partner updated their MS Common Data Model.      
Of the 149 potential cases meeting criteria, medical records for 131 (88%) were available for review 
(Figure 1).  Reasons that medical record information was not obtained included:  provider refusal and 
/or required patient consent (n=4), facility has no record of patient (n=1), facility has no record of 
patient in time frame (n=2), facility actively refuses to participate and/or has additional HIPAA/IRB 
requirements (n=1), no response from facility after multiple attempts to contact them (n=4), there was 
insufficient information (n=2), and unknown (n=4).  Retrieval rates across the Data Partners ranged from 
77% to 100% of potential cases identified from health plan data. Of the 131 medical records located, 9 
were determined to have inadequate information to confirm whether or not a case was anaphylaxis.   In 
most cases, this was because the medical record did not contain adequate information.  For example, 
one record was an outpatient follow up visit only to an emergency department visit for anaphylaxis.  The 
medical chart for the emergency department visit was not available.  All subsequent analyses for the 
calculation of PPVs included the 122 patients for whom medical records with adequate information to 
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assess case status were available for review.  The distributions of gender, age, and specific criteria 
categories were generally similar for potential cases with a chart review and potential cases for whom 
the charts were unavailable. (Table 5)   Of the patients for whom charts were abstracted, 63% were 
female and 62% were ages 20 to 64 years.   

2. A2. Available chart components     
 
Table 6 shows the chart components requested and obtained for inpatient charts, ED charts, and 
outpatient charts.  The availability of requested components was generally high (> 80%) for inpatient 
and ED charts, and somewhat lower for outpatient charts (< 80%) for all requested components.   

3. A3. Chart size 
 
There was a large amount of variability in the average amount of chart materials forwarded by the Data 
Partners (measured by number of pages).  Larger amounts of chart materials led to slower abstraction 
and likely required a greater expenditure of resources on the part of the Data Partner (time and 
resources spent copying and redacting).  The median number of pages was 18; the range was 1-604 
pages, and there were 34 medical records which were less than 10 pages. 
 

B. ABSTRACTION AND ADJUDICATION RESULTS 

Of the 122 potential cases, adjudicators determined that 77 cases were anaphylaxis.  Overall, the PPV 
was 63.1% (95% confidence interval, 53.9%-71.7%).  PPVs ranged from 48.1% to 78.9% across the Data 
Partners (Table 7).  While the PPV for criterion C (PPV=45.8%) was lower than the PPVs for criteria A and 
B (PPVs of 69.0% and 65.2%, respectively), confidence intervals were wide and overlapped.  The 
distribution of criteria met varied across Data Partners;  no patients at Data Partner 2 (which had the 
highest PPV) met criterion C, while more than one-quarter of the patients at Data Partners 1 and 5 
(which had the lowest PPVs) met criterion C (n= 10 and 7, respectively).   
 
Patients may have met more than one set of criteria on the encounter date of interest.  The PPVs were 
slightly lower for cases that met only one criterion:  68.0% (95% CI, 56.2%-78.3%) for criterion A, 60.0% 
(95% CI, 36.1%-80.9%) for criterion B, and 38.9% (95% CI, 17.3%-64.3%) for criterion C.  Of the 77 
confirmed cases of anaphylaxis, only 7 cases (9%) met criterion C only.   
 
Table 8 shows the PPVs for individual ICD-9-CM codes and combinations of codes used in the algorithm.  
While several combinations of codes had high PPVs, few cases were identified based upon these 
combinations.  For example, while the PPVs for patients with both an anaphylaxis code (ICD-9-CM 995.0) 
and a code for hypotension (ICD-9-CM 458.9) were 100% for each encounter type (inpatient, emergency 
department, or ambulatory), only 6 cases had this combination of codes documented in the 
administrative data. 
 
Table 9 shows potential alternative algorithms to identify cases of anaphylaxis using administrative data.  
The PPV of an algorithm including criteria A and B only (and not C) was 67.3% (95% CI 57.4% - 76.2%); 
while excluding criterion C would only increase the overall PPV slightly, the algorithm would be less 
complex and would include 91% of confirmed cases.   Alternatively, if we used an algorithm that 
included only codes/combinations of codes with positive predictive values > 70% (see Table 8), we could 
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create an algorithm with a PPV of 75.0% (95% CI, 63.0% – 84.7%); however, only 66% of confirmed cases 
would be identified using this algorithm (51 of 77 total confirmed cases). 
 
If the 9 cases for which there was inadequate information in the medical chart were included in the 
analyses (as unconfirmed cases), the resulting overall PPV is 58.8% (95% CI, 49.9%-67.3%; 77 confirmed 
cases from a total of 131 cases for which a chart was located), with PPVs ranging from 46.4% to 69.2% 
across Data Partners. 
 
Of the 45 potential cases not confirmed to be anaphylaxis, 16 (36%) were determined to be a serious 
allergic reaction.  The physician reviewers defined a severe allergic reaction as an allergic reaction which 
is highly likely to evolve into anaphylaxis if untreated.  For the composite outcome of 
anaphylaxis/serious allergic reaction, the PPV was 76.2% (95% CI, 67.7%-83.5%; 93 confirmed definite 
events of either anaphylaxis or serious allergic reaction from a total of 122 cases with adequate 
information in the medical chart).  For this composite outcome, the PPVs were 83.3% (95% CI, 73.6%-
90.6%), 78.3% (95% CI, 56.3%-92.5%), and 54.2% (95% CI, 32.8%-74.5%) for criteria A, B, and C, 
respectively.  The PPV of the algorithm including criteria A and B only (and not C) was 81.7% (95% CI 
73.0% - 88.6%); 85 of 104 confirmed definite events of either anaphylaxis or serious allergic reaction 
(91%) were identified using this criteria. 

C. RELATIVE USE OF PROCEDURE CODES ACROSS DATA PARTNERS  

The frequency of the specific diagnosis (ICD-9-CM) and procedure (ICD-9 , CPT, HCPCS) codes used in the 
algorithm varied greatly across Data Partners, with the largest variability observed with the procedure 
codes of interest (data not shown).  The prevalence of patients identified with codes for CPR ranged 
from 22 to 276 per 100,000 across Data Partners for CPT code 92950 and ranged from 7 to 81 per 
100,000 across Data Partners for ICD-9 code 99.60.  The prevalence of patients identified with codes for 
an injection of adrenalin/epinephrine (HCPCs code J0170) ranged from 16 to 646 per 100,000 across 
Data Partners, and the prevalence of patients identified with codes for an injection of diphenhydramine 
(HCPCs code J1200) ranged from 121 to 1602 per 100,000 members. 
 

V. SUMMARY AND CONCLUSIONS 

The PPV of the evaluated algorithm (63%) was higher than estimates reported in prior published studies, 
which have reported PPV estimates ranging from 52 to 57% for ICD-9-CM code 995.0 (other anaphylactic 
shock).5-6,9  In the present study, we found that the criteria that included codes specifically indicating 
anaphylaxis (ICD-9-CM codes 995.0 and 994.0) had higher PPVs than criterion with codes indicating allergy 
or adverse effects of drugs (criterion C), even when qualifiers (additional diagnosis or procedure codes 
indicating symptoms or treatment of anaphylaxis) were included in such criterion.  However, even if we 
omitted the criterion including codes for allergy and adverse effects of drugs from the overall algorithm, 
the resulting PPV estimate would be < 70%. 
 
Strengths of our study include evaluating the validity of administrative and claims codes from 8 large 
health plans located in different geographic regions of the U.S.  In addition, the diagnoses originated 
from data of both HMO-owned and community medical care settings.  Thus, our findings are likely 
generalizable to other U.S. health plans and data systems.  We also were able to identify medical 
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records for the great majority of patients (88%) selected for chart abstraction and were able to obtain 
adequate information to make a decision regarding anaphylaxis in 82% of cases.  
 
Limitations of this study include the fact that, in some cases, insufficient information was found in the 
medical record to adequately determine the case status.  Misclassification bias may have resulted if 
study subjects were not categorized correctly with regards to outcome.  However, the likelihood of 
misclassification was minimized by employing two adjudicators to confirm events, with a third to 
adjudicate cases in instances of disagreement. The patients in these analyses are all drawn from 
databases of insured persons, potentially limiting the generalizability of our results to other populations.  
We found considerable variability in the use of the procedure codes in the overall Data Partner 
populations, with more than a 10-fold difference in the prevalence of patients identified with procedure 
codes for CPR, injection of epinephrine, and injection of diphenhydramine across Data Partners; 
whether this represents a true difference in the treatments administered or variability in coding 
practices is uncertain.  In addition, the sample size did not allow adequate evaluation of the PPV for 
specific codes; a larger sample size would have allowed for more precise estimates (narrower 
confidence intervals for PPVs). Lastly, we only evaluated patients with codes suggestive of anaphylaxis 
or allergy and did not include patients known not to have anaphylaxis or allergy conditions; thus, we 
could not evaluate the sensitivity and specificity of the algorithm.  
 
LESSONS LEARNED  

   
The workgroup identified several lessons which we believe are important for future Mini-Sentinel 
endeavors.  These include: 
 
1.  Working with a diagnosis for which the existing literature reflects a low PPV presents several 
challenges.  Addressing these prior to the start of the validation effort may help keep the project 
efficient and on schedule. 
   
In the case of anaphylaxis, the workgroup recognized that frequent underdiagnosis and failure to bill for 
anaphylaxis contributes to missed cases of anaphylaxis, both in clinical practice and in administrative 
databases.  The workgroup assessed whether it would be possible to enhance sensitivity of the 
algorithm by including procedure codes as well as a broader array of ICD9-CM codes.  Given our 
expectation of a low PPV even in the setting of more restricted algorithm, the prospect of broadening 
the algorithm prompted extended discussion among workgroup members.  We asked whether 
optimizing sensitivity but designing an algorithm with a very low PPV would yield a useful product and 
whether it would lend insights of sufficient value.  This was an important process to work through but 
contributed to delays at the start of the validation effort and led to downstream delays due to changes 
in available staff.  We recommend that future validation efforts build on the experience of our 
workgroup and that decisions on balancing sensitivity vs. optimal PPV should ideally be addressed prior 
to the start of the project. 
   
2.  Validating a health outcome whose diagnosis is made largely on clinical criteria including physical 
exam findings or patient-reported symptoms can be challenging both for abstractors and adjudicators. 
 
A careful and skilled medical record abstraction is essential to accurate adjudication.  This was 
particularly the case for anaphylaxis since it is not a health outcome easily confirmed through lab 
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studies, imaging or other test reports.  Upon recognizing that 43% of the medical records obtained were 
shorter than the 15 page abstraction form, the workgroup considered discontinuing abstraction and 
allowing adjudicators to simply review medical records.  Advantages to this approach would have 
included avoiding the intermediate steps of training abstractors and of performing abstraction.  It would 
also allow expert adjudicators direct access to each medical record.  Due to the presence of some 
inpatient records with several hundred pages, the workgroup decided to pursue the original approach of 
abstraction followed by adjudication, but also provided each adjudicator with access to the complete 
deidentified chart, to review at their discretion.  In some cases, adjudicators chose to review the medical 
record along with the abstraction form to obtain a more complete picture of the clinical situation. 
 
Information on possible diagnoses other than anaphylaxis (for example, a suspected pulmonary embolus 
in a patient with respiratory distress) was deemed essential for accurate adjudication.  It was a challenge 
to develop appropriate training techniques so that abstractors could adequately gather information on 
alternate possible diagnoses without expending excess effort on chart review.  There was little 
information in the literature about cases in prior studies which were found not to be anaphylaxis (and 
which contributed to the published low PPVs).  Without this information, it was difficult to anticipate the 
factors which contribute to a low PPV, to include these factors in the abstraction form, and to train 
abstractors to search for them.  After abstraction of an initial set of charts, this challenge was identified 
and abstractors received additional training to ensure capture of information about other possible 
diagnoses.  
  
Given the importance of a thorough abstraction, incomplete charts limited abstraction and adjudication 
in some cases.  
 
3. Routine periodic updates to databases carried out by Data Partners can lead to slight changes when 
data are updated or refreshed.  Future workgroups should understand that there is a window of 
opportunity to check the quality of data before the data are refreshed by data partners.   
 
In our study, workplans were run initially to identify the sample of patients for chart abstraction and 
adjudication and also several months later to identify individual level data for secondary analyses after 
medical records were abstracted and adjudicated.  In the second workplan, one of the cases identified in 
the initial workplan as being an inpatient visit was identified as an outpatient visit, and no longer met 
criteria for a potential case of anaphylaxis.  The information from that case, which we abstracted and 
adjudicated, was excluded from final analysis.  While this is a minor problem, it highlights the need to 
quality check data early on and immediately address any concerns before the Data Partners refresh their 
data.   
 
4. There are several steps in the validation process where upstream delays can have a magnified effect 
on downstream deadlines.  Anticipating and planning around this reality may help future validation 
efforts meet their deadlines more consistently. 
 
Early delays stemming from the need to clarify goals around sensitivity and PPV pushed back start times 
for hired abstractors and adjudicators, missing windows in which dedicated time was set aside for this 
project and leading to overlap with times of lower availability (summer vacation).  In order to move 
forward more quickly, abstractor training was then initiated once 5 medical records were uploaded onto 
the secure portal.   Abstractors then independently reviewed 10 records, but had to wait until an 
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additional 10 records were available before receiving their follow-up training (described above under 
Lessons Learned, #2).   
 
5.   A balance between completing the current project in a timely manner and investigating questions 
important to the larger Mini-sentinel initiative was necessary. 
 
The workgroup chose, at times, to pursue questions which arose because such questions were 
important to the larger Mini-sentinel initiative, while not central to the immediate project. For example, 
the workgroup delayed the final report to further understand cases which were not anaphylaxis but 
which were severe allergic reactions. If the project had been a freestanding study, rather than part of a 
group of studies, the workgroup might have decided to delay assessing severe allergic reactions for a 
future grant or paper. While this exploration was not central to the main objective of validating an 
anaphylaxis algorithm, the workgroup considered this information important for future workgroups 
studying the association between specific drugs and severe allergic reactions.  
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Table 1. Summary of studies evaluating the positive predictive values of algorithms used to identify 
cases of anaphylaxis using health plan data (edited from Mini-Sentinel Systematic Evaluation of 
Health Outcome of Interest Definitions for Studies Using Administrative Data to Identify Cases of 
Anaphylaxis, Schneider et al.) 

Citation 

Bohlke et 

Study 
Population and 

Time Period 

Group Health 

Description of 
Outcome 
Studied 

anaphylaxis 

Algorithm 

Codes specific to 

Validation/Adjudication 
Procedure 

Validation was performed 

Validation 
Statistics 

PPVs for codes 
4al.  Cooperative from all anaphylaxis: via chart review.  specific to 

 
data, 1991– causes 995.0, 995.6, anaphylaxis: 
1997. 999.4, 995.4 

995.0 
The study Codes not (anaphylactic 
population specific to shock) = 55.4%. 
consisted of the 
229,422 
children and 
adolescents 
under the age 
of 18 years. 

anaphylaxis: 
989.5, 708.0, 
708.9, 995.1, 
695.1  

995.6 
(anaphylactic 
shock caused by 
adverse food 
reaction) = 9.8%. 

999.4 
 

(anaphylactic 
shock caused by 
serum) = 0%. 

995.4 (shock 
caused by 
anesthesia) = 0%. 

PPVs for codes 
not specific to 
anaphylaxis: 

989.5 (toxic 
effect of venom) 
= 4.7%. 

708.0 (allergic 
urticaria) = 5.6%. 

708.9 (urticaria 
unspecified) = 
0%. 

995.1 
(angioneurotic 
edema) = 7.4%. 

995.3 (allergy, 
unspecified) = 
1.3%. 

695.1 (erythema 
multiforme) = 0% 
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Citation 

Johannes 

Study 
Population and 

Time Period 

Ingenix 

Description of 
Outcome 
Studied 

serious 

Algorithm 

Inpatient or ED 

Validation/Adjudication 
Procedure 

 Medical record review 

Validation 
Statistics 

PPV for 995.0 
8et al.  Research Data allergic visit bearing ICD- was conducted. (anaphylactic 

 Mart. The study reactions after 9 diagnosis  shock) = 57.1% 
population fluoroquinol- codes of 995.0, (16 of 28). 
comprised one, 995.2, 995.3, a PPVs for 995.3 
patients cephalosporin, CPT code of (allergy, 
receiving at and 92950 for unspecified) and 
least 1 phenoxymeth- cardiopulmonary 995.2 
dispensing of ylpenicillin resuscitation, or (unspecified 
moxifloxacin, potassium an HCPCS code adverse effect of 
ciprofloxacin, exposure,  for adrenaline drug) were not 
levofloxacin, emergency injection (J7640). reported. 
gatifloxacin, department PPV for CPT 
phenoxymethyl- (ED) or 92950 
penicillin hospitalization (cardiopulmonary 
potassium, or a (inpatient)  resuscitation) and 
combined group HCPCS J7640 
of first-, second- (adrenaline 
, and third- injection) 
generation combined = 2.9% 
cephalosporins,  (1 of 35). 
2000 to 2004.  

 
Iribarren, Kaiser anaphylactic Hospitalizations, Medical record review Only validated 
Carlos et Permanente shock  ambulatory visits was conducted.  995.0 which they 

5al.  Northern and ED visits w Confirmation of cases describe as: 
 California ICD9 codes based on criteria “extreme 

ADDED TO 
TABLE, not 
in original 
report 

members with 
asthma and 
cohort without 
asthma.  1996- 
2006. 

995.6 
(anaphylacitic 
shock caused by 
adverse food 
reaction), 999.4 

developed at Second 
NIAID/Food Allergy and 
Anaphylaxis Network 
symposium.  

nonfood allergy 
causing 
respiratory 
distress and 
vascular 

(anaphylactic collapse.” 
shock caused by 
serum) and 
995.0 (other 

Likely/probably: 
PPV 52% 

anaphylactic Likely/probably + 
shock).  Also history of: PPV 
looked at 72% 
incidence of 
other selected 

 

allergy-realted 
dx: 708.0 
(allergic 
urticaria); 989.5 
(anaphylaxis 
after stings) and 
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Citation 
Study 

Population and 
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Outcome 
Studied 

Algorithm 

995.1 

Validation/Adjudication 
Procedure 

Validation 
Statistics 

(angioneurotic 
edema.)   
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Table 2.  Codes included in the algorithm to identify cases of anaphylaxis using health plan 
administrative and claims data 
 
 
ICD-9-CM diagnosis codes:  
995.0 = Other anaphylactic shock 
995.2 = Other and unspecified adverse effect of drug, medicinal and biological substance (due) 
to correct medicinal substance properly administered; 
995.3 = Allergy unspecified  
999.4 = Anaphylactic shock due to serum 
E930-E949 = Drugs, medicinal and biological substances causing adverse effects in therapeutic 
use 
519.11 = Acute bronchospasm 
786.1 = Stridor 
458.9 = Hypotension unspecified 
 
2009 HCPCS codes: 
J0170 = Injection, adrenalin, epinephrine, up to 1 ml ampule 
J0171 = Injection, adrenalin, epinephrine, 0.1 mg 
J1200 = Injection, diphenhydramine hcl, up to 50 mg 
 
CPT code: 
92950 = CPR 
 
ICD-9-CM procedure code: 
99.60 = CPR 
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Table 3. Clinical Criteria for Diagnosing Anaphylaxis4 
 
Anaphylaxis is highly likely when any of the following 3 criteria are fulfilled: 

1. Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue, or 
both (eg, generalized hives, pruritus or flushing, swollen lips-tongue-uvula) AND AT LEAST ONE OF THE 
FOLLOWING: 

a. Respiratory compromise (eg, dyspnea, wheeze-bronchospasm, stridor, reduced PEF, 
hypoxemia) 

b. Reduced BP or associated symptoms of end-organ dysfunction (eg, hypotonia [collapse], 
syncope, incontinence) 

 
2. Two or more of the following that occur rapidly after exposure to a likely allergen for that patient 
(minutes to several hours): 

a. Involvement of the skin-mucosal tissue (eg, generalized hives, itch-flush, swollen lips-tongue 
uvula) 

b. Respiratory compromise (eg, dyspnea, wheeze-bronchospasm, stridor, reduced PEF, 
hypoxemia) 

c. Reduced BP or associated symptoms (eg, hypotonia [collapse] syncope, incontinence) 
d. Persistent gastrointestinal symptoms (eg, crampy abdominal pain, vomiting) 
 

3. Reduced BP after exposure to known allergen for that patient (minutes to several hours): 
a. Infants and children: low systolic BP (age specific) or greater than 30% decrease in systolic BP* 
b. Adults: systolic BP of less than 90 mm Hg or greater than 30% decrease from that person’s 

baseline BP 
 

Abbreviations: PEF, Peak expiratory flow; BP, blood pressure. 

*Low systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than (70 mm Hg + [2 x 
age]) from 1 to 10 years, and less than 90 mm Hg from 11 to 17 years. 
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Table 4. Requested Chart Elements List and Decision Tree for Data Partners 
 
Type of medical records and minimal data elements needed for Anaphylaxis Validation 
The medical chart, stripped of all direct identifiers,1 should include all paper2 and electronic information corresponding 
to the designated inpatient, emergency department, or outpatient encounter (from date of admission to date of 
discharge for inpatient stays): 
 

Emergency Room 
 

1. All Emergency room notes 
2. All EMT/ambulance notes 
3. All orders 
4. Nursing medication administration record 
5. All available information on vital signs (heart rates, blood pressures, temperature, respiration 

rate, pulse oxygenation level) 
6. Allergy list 
7. Transfer note (if applicable) 

Inpatient  
 
*If patient came in through ED, in addition to items below, please also include everything in ED list 
above. 

1. Physician notes (including history and physical notes, discharge summaries, progress notes, 
consult notes, death notes) 

2. All orders  
3. Nursing medication administration record 
4. All available information on vital signs (heart rates, blood pressures, temperature, respiration 

rate, pulse oxygenation level) 
5. Allergy list 
6. Transfer note (if applicable) 

Outpatient 
 

1. All clinician notes from the visit date 
2. All EMT/ambulance notes (if applicable) 
3. All vitals from the visit date  
4. All orders from the visit date  
5. Medication administration record if any medications administered in clinic 
6. Allergy list 
7. Outpatient allergist notes from 30 days after the visit date 

 

                                                           
1 The information provided will not include any data elements that directly identify individuals, but may include ages over 89 years, 
dates of service, or geographic subdivisions smaller than states or 3-digit zip codes. All of the 16 direct identifiers that would be 
excluded in the creation of a limited dataset, as enumerated in HIPAA, will be redacted. These include: Names, Telephone #s, Fax 
#s, Email addresses, SSNs, MRNs, Health plan beneficiary #s, Account #s, Certificate/License #s, Vehicle Identifiers and serial #s, 
including license plate #s, Device identifiers and serial #s, Web URLs, IP address #s (Internet), Biometric identifiers, including 
fingerprints and voiceprints, Full-face photographic images and any comparable images, and Any other unique identifying number, 
characteristic, or code, unless otherwise permitted by Privacy Rule for re-identification. 
2 If the paper chart for the designated hospital stay includes copies of information from prior medical records, these should be 
included. 
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Table 5. Characteristics of eligible patients sampled for chart review 

 

Chart obtained, 
adequate 

information 
extracted 

N (%) 

Chart obtained, 
inadequate 
information 

extracted 
N (%) 

Chart not 
obtained 

 
N (%) 

Total 
 
 

N (%) 

Total patients 122 9 18 149 
Patient Sex 
  Female 
  Male 

 
77 (63.1) 
45 (36.9) 

 
4 (44.4) 
5 (55.6) 

 
13 (72.2) 
5 (27.8) 

 
94 (63.1) 
55 (36.9) 

Patient Age (years) 
  0 to 10 
  11 to 19 
  20 to 64 
> 65 

 
13 (10.7) 
17 (13.9) 
75 (61.5) 
17 (13.9) 

 
0 
0 

8 (88.9%) 
1 (11.1) 

 
0 

1 (5.6) 
13 (72.2) 
4 (22.2) 

 
13 (8.7) 

18 (12.1) 
96 (64.4) 
22 (14.8) 

Data Partner 
  1 
  2 
  3 
  4 
  5 

 
27 (22.1) 
19 (15.6) 
26 (21.3) 
23 (18.8) 
27 (22.1) 

 
3 (33.3) 
4 (44.4) 
0 (0.0) 

1 (11.1) 
1 (11.1) 

 
0 

7 (38.9) 
3 (16.7) 
6 (33.3) 
2 (11.1) 

 
30 (20.1) 
30 (20.1) 
29 (19.5) 
30 (20.1) 
30 (20.1) 

Specific Criteria* 
  Criterion A 
  Criterion B 
  Criterion C 

 
84 (68.9) 
23 (18.9) 
24 (19.7) 

 
5 (55.6) 
2 (22.2) 
2 (22.2) 

 
11 (61.1) 
5 (27.8) 
3 (16.7) 

 
100 (67.1) 
30 (20.1) 
29 (19.5) 

Encounter Type* 
  Emergency Department 
  Inpatient 
  Outpatient 

 
75 (61.5) 
31 (25.4) 
23 (18.9) 

 
3 (33.3) 
4 (44.4) 
2 (22.2) 

 
11 (61.1) 
2 (11.1) 
5 (27.8) 

 
89 (59.7) 
37 (24.8) 
30 (20.1) 

* Total of rows sum to more than the total charts, since patients may have met more than one set of 
criteria on the encounter date of interest 
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Table 6.  Available components among charts requested* 

  Total 
Emergency Department 
  Total Potential Cases 95 72.0% 
    Records with the requested components 

ER notes 
 

91 95.8% 
EMT notes 13 13.7% 
All orders 85 89.5% 
Nursing medication administration record 82 86.3% 
All vital signs 91 95.8% 
Allergy list 86 90.5% 
Transfer note 15 15.8% 

Inpatient 
  Total Potential Cases 42 31.8% 
    Records with the requested components 

Physician notes 38 90.5% 
All orders 34 81.0% 
Nursing medication administration record 35 83.3% 
All vital signs 38 90.5% 
Allergy list 37 88.1% 
Transfer note 1 2.4% 
Copies of all items in ER list 29 69.0% 

Outpatient 
  Total Potential Cases  36 27.3% 
    Records with the requested components 

Clinician notes 28 77.8% 
EMT notes 0 0.0% 
All vital signs 27 75.0% 
All orders 28 77.8% 
Medication administration record 24 66.7% 
Allergy list 27 75.0% 
Outpatient allergist notes >30 days 11 30.6% 

* Includes information on all charts received (including those 9 patients with inadequate 
information to determine case status and 1 patient found not to meet criteria for selection).  
Total encounter types sum to more than the total patients sampled, since Data Partners may 
have requested more than one medical record for the encounter date of interest.  In some 
instances, Data Partners provided the medical charts from encounter dates or encounter types 
other than those requested by the workgroup.  
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Table 7.  Validation of diagnosis and procedure codes in health plan administrative databases 
for identification of anaphylaxis 

 
Number of 

charts 
reviewed 

Number of 
cases 

confirmed 

Positive predictive value (95% 
confidence interval) 

Total patients 122 77 63.1% (53.9% - 71.7%) 
Patient Gender 
Female 
  Male 

 
77 
45 

 
53 
24 

 
68.8% (57.3% - 78.9%) 
53.3% (37.9% - 68.3%) 

Patient Age (years) 
  0 to 10 
  11 to 19 
  20 to 64 
  > 65 

 
13 
17 
75 
17 

 
8 

10 
48 
11 

 
61.5% (31.9% - 86.1%) 
58.8% (32.9% - 81.6%) 
64.0% (52.1% - 74.8%) 
64.7% (38.3% - 85.8%) 

Data Partner 
1 
2 
3 
4 
5 

 
27 
19 
26 
23 
27 

 
16 
15 
18 
15 
13 

 
59.3% (38.8% - 77.6%) 
78.9% (54.4% - 94.0%) 
69.2% (48.2% - 85.7%) 
65.2% (42.7% - 83.6%) 
48.1% (28.7% - 68.1%) 

Specific Criteria* 
  Criterion A 
  Criterion B 
  Criterion C 

 
84 
23 
24 

 
58 
15 
11 

 
69.0% (58.0% - 78.7%) 
65.2% (42.7% - 83.6%) 
45.8% (25.6% - 67.2%) 

Encounter Type* 
  Emergency Department 
  Inpatient 
  Outpatient 

 
75 
31 
23 

 
45 
24 
15 

 
60.0% (48.0% - 71.2%) 
77.4% (58.9% - 90.4%) 
65.2% (42.7% - 83.6%) 

* Total of rows sum to more than the total charts reviewed, since patients may have met more 
than one set of criteria on the encounter date of interest 
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Table 8.  Validation of diagnosis and procedure codes in health plan administrative databases 
among patients meeting criteria for identification of anaphylaxis* 

 charts 
reviewed 

of cases 
confirmed 

Positive predictive value 
(95% confidence interval) 

Criterion A    
Other anaphylactic shock (ICD-9-CM 995.0)    
    
Overall 82 57 69.5% (58.4% - 79.2%) 
    
Inpatient    
  All inpatient encounters 30 23 76.7% (57.7% - 90.1%) 
  Concurrent treatment/symptom codes    
  Injection adrenalin/epinephrine (HCPCS J0170, 2 2 100.0% (15.8% - 100.0%) 

J0171)    
   Injection diphenhydramine (HCPCS J1200) 1 2 50.0% (1.3% - 98.7%) 
   Cardiopulmonary Resuscitation  (ICD-9 99.60, 1 1 100.0% (2.5% - 100.0%) 

CPT 92950)    
   Hypotension (ICD-9-CM 458.9) 4 4 100.0% (39.8% - 100.0%) 
    
Emergency Department    
  All emergency department encounters 56 38 67.9% (54.0% - 79.7%) 
  Concurrent treatment/symptom codes    
    Injection adrenalin/epinephrine (HCPCS J0170, 16 12 75.0% (47.6% - 92.7%) 

J0171)    
  Injection diphenhydramine (HCPCS J1200) 19 13 68.4% (43.5% - 87.4%) 
  Cardiopulmonary Resuscitation  (ICD-9 99.60, CPT 1 1 100.0% (2.5% - 100.0%) 

92950)    
  Hypotension (ICD-9-CM 458.9) 1 1 100.0% (2.5% - 100.0%) 
    
More than 1 encounter type (inpatient, 17 15 88.2% (63.6% - 98.5%) 
emergency department, ambulatory) with a code    
for anaphylaxis 
Anaphylactic shock due to serum (ICD-9-CM 999.4)    
    
 Overall 3 2 66.7% (9.4% - 99.2%) 
    
 Inpatient 1 1 100.0% (2.5% - 100.0%) 
 Emergency Department 2 1 50.0% (1.3% - 98.7%) 

Criterion B    
Other anaphylactic shock (ICD-9-CM 995.0)    
    
Overall (ambulatory) 21 14 66.7% (43.0% - 85.4%) 
    
Concurrent treatment/symptom codes    

Number of Number 
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Number of 

charts 
reviewed 

Number 
of cases 

confirmed 

Positive predictive value 
(95% confidence interval) 

   Injection adrenalin/epinephrine (HCPCS J0170, 
J0171) 

   Injection diphenhydramine (HCPCS J1200) 
   Cardiopulmonary resuscitation  (ICD-9 99.60, CPT 

92950) 
   Hypotension (ICD-9-CM 458.9) 

14 
 

9 
1 
 

2 

10 
 

6 
1 
 

2 

71.4% (41.9% - 91.6%) 
 

66.7% (29.9% - 92.5%) 
100.0% (2.5% - 100.0%) 

 
100.0% (15.8% - 100.0%) 

Anaphylactic shock due to serum (ICD-9-CM 999.4) 
 
 Overall (ambulatory) 

 
 

2 

 
 

1 

 
 

50% (1.3% - 98.7%) 
Criterion C    
Inpatient 
   Drugs, medicinal and biological substances 

causing adverse effects in therapeutic use 
(ICD-9-CM E930-E949) 

 
Emergency Department 
   Overall 
   Other and unspecified adverse effect of drug 

(ICD-9-CM 995.2) 
   Allergy unspecified (ICD-9-CM 995.3) 
   Drugs, medicinal and biological substances 

causing adverse effects in therapeutic use (ICD-
9-CM E930-E949) 

 
1 
 
 
 
 

23 
3 
 

17 
4 

 
1 
 
 
 
 

10 
3 
 

5 
2 

 
100.0% (2.5% - 100.0%) 

 
 
 
 

43.5% (23.2% - 65.5%) 
100.0% (29.2% - 100.0%) 

 
29.4% (10.3% - 56.0%) 
50.0% (6.8% - 93.2%) 

* Codes documented in > 2 cases in the overall population sampled for chart review were 
evaluated.  All patients meeting criterion C met the criterion based upon codes for injection of 
adrenalin/epinephrine and injection of diphenhydramine (no other codes of interest were 
documented); thus, combinations of codes were not evaluated.  
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Table 9. Potential algorithms for identification of anaphylaxis using health plan administrative 
databases 

 
Number of 

charts 
reviewed 

Number 
of cases 

confirmed 

Positive predictive 
value (95% 

confidence interval) 
Evaluated algorithm (patients meeting criteria A, B, 
or C) 

122 77 63.1% (53.9% - 71.7%) 

Patients meeting criteria A or B 104 70 67.3% (57.4% - 76.2%) 
Patients with codes/combinations of codes with 
positive predictive values > 70% (see Table 8): 
 
1) > 1 inpatient anaphylaxis code (ICD-9-CM 995.0 or 

999.4) 
Or 
 
2) [> 1 emergency department or ambulatory other 

anaphylaxis code (ICD-9-CM 995.0)] PLUS [a 
concurrent treatment/symptom code for injection 
adrenalin/epinephrine (HCPCS J0170, J0171) or  
cardiopulmonary resuscitation  (ICD-9 99.60, CPT 
92950) or hypotension (ICD-9-CM 458.9)] 

Or 
 
3) > 1 encounter type (inpatient, emergency 

department, ambulatory) with a code for 
anaphylaxis 

Or 
 
4) Patients meeting criterion C who were identified 
with code for unspecified adverse effect of drug (ICD-
9-CM 995.2) only [not using codes for allergy 
unspecified (ICD-9-CM 995.3) or drugs, medicinal and 
biological substances causing adverse effects in 
therapeutic use (ICD-9-CM E930-E949)] 

 
68 

 
51 

 
75.0% (63.0% – 

84.7%) 
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Figure 1.  Chart Sampling and Retrieval 
 
 
 
 
 
 
 
 
 

150 patients 
 sampled for chart review 

1 patient 
did not meet eligibility 

criteria for selection 

149 patients 
met criteria for selection 

131 patients 
chart located, abstracted, and 

adjudicated 

18 patients 
chart not located 

 
4 cases: provider 

refused/required patient 
consent 

1 case: no record of patient 
2 cases: no record of patient in 

time frame 
1 case: facility refused/had 

additional HIPAA/IRB 
requirements 

4 cases:  no response 
2 cases: insufficient information 
4 cases: unknown reason 

122 patients 
complete chart retrieved 

 
final population for analysis 

9 patients 
inadequate information in 

chart 
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VIII. APPENDICES 
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A. APPENDIX A. PRIVACY PACKET BY THE MINI-SENTINEL PRIVACY PANEL  
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B. APPENDIX B. ANAPHYLAXIS VALIDATION EXTRACTION FORM AND MANUAL 
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C. APPENDIX C. ANAPHYLAXIS VALIDATION ABSTRACTION FORM 
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D. APPENDIX D. ANAPHYLAXIS VALIDATION ADJUDICATION FORM 
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