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I. EXECUTIVE SUMMARY 

A. OVERVIEW OF PROJECT 

The U.S. Food and Drug Administration’s (FDA) Mini-Sentinel is a pilot program that aims to conduct 
active surveillance to refine potential safety signals of marketed medical products. The purpose of this 
Mini-Sentinel task order activity was to develop and design an abstraction and adjudication process that 
can be used when full text medical record review is required to confirm a coded diagnosis and to test 
this approach by validating a code algorithm for acute myocardial infarction (AMI). This workgroup 
aligned closely with efforts being pursued by the AMI Active Surveillance Workgroup.  

The AMI validation project consisted of four parts: (1) case identification, in which an ICD-9-CM-based 
algorithm was developed to identify hospitalized AMI patients within the Mini-Sentinel Distributed 
Database; (2) chart retrieval and extraction, in which a procedure was established to ensure patient 
privacy, collecting and transferring the minimal amount of de-identified information needed to validate 
potential cases of AMI; (3) abstraction and adjudication, in which trained abstractors gathered key data 
using a standardized form and cardiologists carried out protocol-driven adjudication; and (4) calculation 
of the positive predictive value (PPV) of the constructed algorithm. 

B. SUMMARY OF FINDINGS 

Key decision points focused on: (1) the breadth of the AMI algorithm; (2) centralized vs distributed 
abstraction; and (3) approaches to maintaining patient privacy and to addressing the project’s status as 
a public health activity that does not come under the purview of Institutional Review Boards (IRBs). An 
algorithm limited to ICD-9-CM codes 410.x0-410.x1 was used. Centralized data abstraction was 
performed for efficiency due to the modest number of medical chart abstractions (maximum of 153 
charts distributed across Data Partners). The project’s public health surveillance status facilitated chart 
retrieval in most instances. A high percentage of charts (143 out of 153, or 93%) were obtained, with 
greater than 85% of charts from participating Data Partners providing all critical components for AMI 
validation. There was great variability by Data Partner in the size of the chart extract obtained. Data 
Partners provided chart extracts with on average as few as 45 pages and on average as many as 344 
pages per chart. Overall the PPV was 86.0% (95% confidence interval, 79.4% to 90.8%).  

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

The algorithm developed by the workgroup for identifying cases of AMI (ICD9-CM code 410.x1 or 410.x0 
in the principal or primary position) has an overall PPV of 86%. This overall PPV is somewhat lower than 
the experience reported in prior studies. Many of these older studies did not employ the universal 
definition of myocardial infarction, and did not consider the evolving consensus regarding troponin 
levels, as they relate to this definition. A PPV of 86% may be considered adequate for some surveillance 
activities relevant to medical product safety, but not for others. Future validation studies of AMI should 
consider assessing the impact on the PPV of incorporating additional criteria into the algorithm (e.g., 
length of stay and hospital transfer criteria).  

Based on the findings of the AMI validation project, we recommend a centralized approach for the 
abstraction and adjudication of health outcomes of interest when only a modest number of cases are 
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being validated across multiple Data Partners. A centralized approach to these activities lends efficiency 
in the training of abstractors and enhances quality control. 

II. BACKGROUND 

In 2007, the U.S. Congress passed the FDA Amendments Act (FDAAA) mandating the FDA to establish a 
postmarket surveillance system using electronic health data from multiple sources.1 In May 2008, in 
response to the Congressional mandate, the FDA launched the Sentinel Initiative, a long-term program 
designed to create a national electronic monitoring system for medical product safety (the Sentinel 
System). The Sentinel System is being developed and implemented in stages and, when fully functional, 
will complement FDA’s existing postmarket safety surveillance systems.  

The Mini-Sentinel pilot, a contract awarded by FDA to Harvard Pilgrim Health Care Institute (HPHCI) to 
develop the scientific operations needed for the eventual Sentinel System, is being conducted as a 
collaborative effort between FDA and a consortium of institutions led by HPHCI.2-3 Since accurate and 
timely identification of health outcomes of interest (HOIs) is an essential component of active safety 
surveillance, Mini-Sentinel convened a workgroup to establish a process for identification and validation 
of a selected HOI: AMI. This is the first HOI to be validated under Mini-Sentinel. In addition to developing 
and validating an algorithm to identify hospitalized AMI cases within the Mini-Sentinel Distributed 
Database,4 another goal of the workgroup was to design an efficient validation process that could be 
used as a model for future validation efforts of other HOIs.  

The remainder of this report is structured as follows. In the Methods section below, the AMI Validation 
Workgroup’s development of the Mini-Sentinel validation process for AMI will be reviewed and the 
challenges encountered will be discussed. In the Results section, the findings from abstraction and 
adjudication activities relevant to this project will be presented. 

III. METHODS 

A. OVERVIEW OF DESIGN FOR THE AMI VALIDATION PROCESS 

The Mini-Sentinel AMI Validation project was a collaboration between the FDA, the Mini-Sentinel 
Operations Center (MSOC), and selected Academic and Data Partners. The role of each collaborator is 
outlined in Appendix A. Four 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; and (4) two member health plans within the HMO Research Network. 

The AMI validation process consisted of four components: (1) an approach to case identification with 
the goal of producing an ICD-9-CM-based algorithm that would reliably identify patients hospitalized for 
AMI within the Mini-Sentinel Distributed Database; (2) a protocol for case retrieval from the Data 
Partners, which outlined the minimum necessary chart components to confirm the AMI diagnosis and 
systematized approaches to obtaining and de-identifying chart information; (3) a parsimonious data 
abstraction instrument including relevant elements derived from the medical chart components and 
completed by trained nurse abstractors; and (4) an adjudication protocol for confirmation of the AMI 
diagnosis by cardiologist adjudicators. The culmination of this effort is a determination of the PPV of the 
algorithm.  
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B. CASE IDENTIFICATION 

The goal of this Mini-Sentinel activity was to validate the diagnostic codes used to identify likely AMI 
cases across all Data Partners. It was determined that approximately 100 charts would be sufficient to 
obtain an overall assessment of the PPV, although it was understood that 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. To have the findings of this effort be as contemporary as possible, 
this activity included only patients who were hospitalized for AMI between January 1, 2009 and 
December 31, 2009 within the Mini-Sentinel Distributed Database, which currently comprises 
administrative and claims data formatted into a common data model.4 There were no restrictions on 
age, sex, other diagnoses, or other patient characteristics, but patients were required to be enrollees of 
the health plan for the entire duration of hospitalization.  

The AMI Validation Workgroup had the opportunity to consult with a concurrent Mini-Sentinel 
workgroup that was charged with developing an active surveillance protocol for AMI.5 The two 
workgroups began by reviewing the literature and examining prior completed reviews to identify 
previously used algorithm components, with a focus on those yielding the highest PPVs (Appendix B).6-7 
Clinicians, including cardiologists, cardiovascular researchers, and FDA staff with expertise in 
cardiovascular disease were also consulted. The team considered the types of clinical information that 
would likely be available from medical records relating to a hospitalization for AMI, as well as the 
likelihood of access to information both prior to the hospitalization and following hospital discharge for 
AMI survivors. The group reviewed the pathophysiology of AMI and acute coronary syndrome (ACS), and 
considered whether to create a narrow definition of AMI or a definition that would more broadly 
capture a spectrum of clinical conditions reflecting acute myocardial ischemia (ACS). 

In reviewing the literature, a wide range of ICD-9-CM codes were found to be in use, with a limited 
number of studies assessing ICD-8 or ICD-10 codes and several studies combining ICD codes with other 
criteria.6-19 The ICD-9-CM code 410 (AMI) was identified as the code most frequently employed, yielding 
PPVs in the mid to high 90% range, and the need to specify the ICD-9-CM code using two decimal places 
was considered. Since the number 2 in the second place after the decimal (i.e. 410.x2) indicates a past 
MI, the sample was limited to 410.x0 or 410.x1 (Appendix C). Although previously studied algorithms 
that incorporated hospital length-of-stay were assessed, the team did not find that this reliably 
increased the PPV and, therefore, did not include a length-of-stay criterion in the final algorithm.9, 11, 15-16 

The workgroup also considered including deaths occurring within one day of an emergency department 
visit for acute ischemic heart disease (ICD-9-CM code: 411.1, 411.8, 413.x) in the definition, but decided 
against including these additional ICD rubrics due to concerns regarding the adequacy of information 
that would be available to adjudicate these cases. The final algorithm to identify AMI patients identified 
patients with ICD-9-CM principal (or first-listed) discharge codes 410.x0 and 410.x1 (Appendix D). 

Based on this algorithm, 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 AMI 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 (see following section of this report). 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 
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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 
153 cases distributed across all participating Data Partners, with each participating Data Partner 
pursuing an equal number of cases.  

C. CASE RETRIEVAL 

The workgroup developed a protocol for retrieving medical chart information. In order to proceed with 
chart retrieval, the group needed to: (1) determine whether chart abstraction would take place centrally 
or in a locally distributed fashion (i.e., having each Data Partner abstract its own charts); and (2) 
establish protocols for ensuring the privacy and security of data and for explaining the status of this 
effort as a public health surveillance activity not under the oversight of IRBs.  

Because the abstraction process chosen would have major implications in terms of the amount of 
information to be transferred for centralized abstraction, the workgroup held multiple meetings to 
address the question of centralized vs distributed data abstraction. Before selecting an approach to 
pursue, the group discussed why a centralized versus distributed approach might be preferred for the 
purpose of this validation activity and as a model for future Mini-Sentinel validation efforts. 

1. Centralized vs distributed chart abstraction 

In considering which approach to pursue, the workgroup discussed a number of issues. These included: 
(i) the ability to maintain patient privacy; (ii) the existing infrastructure within the Data Partners to 
perform medical chart abstractions by trained abstractors; (iii) the quality of data abstraction; (iv) 
short-term efficiency; and (v) long-term efficiency. 

• Capacity to maintain patient privacy: Although all information would be de-identified prior to 
transmission to a centralized Operations Center, Data Partners noted that with a centralized 
approach, the amount of chart information transferred could challenge the ability to maintain 
de-identification. There were also concerns that the greater the amount of medical record 
materials to be redacted, the greater the chance that some individually identifiable health 
information might fail to be redacted.  

• Existing infrastructure within the Data Partners to perform medical chart abstraction by 
trained abstractors: Some Data Partners advocated for a distributed approach since they 
already had available experienced abstractors who could be trained to perform the required 
abstraction tasks. 

• Quality of data abstraction: Given the modest number of medical records to be located and 
abstracted per site and the relatively high number of sites, it would be challenging to train 
abstractors to perform only a handful of abstractions and still maintain adequate quality and 
reliability of these abstraction efforts in an ongoing manner. In addition, some Data Partners 
would not be using nurses and/or other individuals with relevant healthcare experience as 
abstractors, leading to increased risk of variation in abstraction quality.  
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• Short-term efficiency: A distributed approach would require abstractor training and evaluation 
at multiple sites, potentially impacting the timeline for the overall abstraction effort.  

• Long-term efficiency: Efficiency of future Mini-Sentinel validation projects was also a 
consideration. In the future, when a new HOI needs to be validated, a centralized approach 
would require training of a limited number of abstractors, instead of periodically retraining 
multiple abstractors distributed across the multiple Data Partners. A centralized approach could 
maximize resources and minimize the amount of time required to abstract necessary 
information. 

After careful consideration, a centralized approach was ultimately pursued; selected components of 
medical records were extracted and redacted of individually identifiable information locally, before they 
were securely transferred via the Mini-Sentinel Secure Portal to the lead team, at Meyers Primary Care 
Institute, for centralized abstraction.  

2. Determination of chart components 

Once a centralized abstraction approach was chosen, the lead team proposed a list of the critical chart 
components and other information they considered important for the AMI validation. This initial list was 
developed broadly and then narrowed down based on input from: Data Partners, the Operations Center, 
the FDA, and individuals with clinical and epidemiologic expertise relevant to cardiovascular disease.  

Abstraction tools from various cardiovascular surveillance studies were reviewed to inform decisions on 
the list of critical chart components and other information to be extracted.20 In response to Data 
Partners’ concerns over the amount of information to be extracted and transferred, the lead team 
narrowed the list of requested items to the following: admission history and physical; discharge 
summary; transfer records; cardiology consult notes; autopsy reports/death notes; EMT/ambulance 
notes; emergency department notes; all 12 lead electrocardiograms; laboratory reports; cardiac 
catheterization reports; percutaneous coronary intervention reports; cardiac bypass surgery reports; 
cardiac stress test/nuclear stress test reports; and echocardiogram reports (See Appendices E and F for 
extraction form and manual). 

The Operations Center reviewed the revised list in relation to the HIPAA Privacy Rule’s minimum 
necessary standard, and confirmed that the critical chart components and other information requested 
constituted the minimum necessary amount of information for the activity.  

Certain items requested remained broad in scope. For example, copies of all laboratory results were 
requested. This was done in order to obtain cardiac biomarker information. Cardiac biomarkers are one 
of the critical items of interest for AMI validation, but only represent a subset of all laboratory results. 
This decision was made in order to avoid the need for a highly trained individual at each site capable of 
determining which specific pages of the laboratory report section of the medical record were required. 

3. Obtaining chart information 

After the list of chart components to be requested was finalized, Data Partners proceeded to execute 
the SAS program, identifying a random sample of likely AMI cases, whose medical records were to be 
located. Data Partners then asked source data holders (e.g., individual hospital medical records 
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departments) for access to the records for these patients. 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. Redacted chart data were 
sent to the Operations Center via the Mini-Sentinel Secure Portal. 

The Operations Center provided each Data Partner with a privacy packet prepared by the Mini-Sentinel 
Privacy Panel (Appendix G). 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); and (3) a letter from the FDA 
to the Mini-Sentinel Principal Investigator stating that Mini-Sentinel is a Sentinel Initiative activity. 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 H). The 
flowchart outlined the array of possible scenarios for chart retrieval and detailed the steps for chart 
redaction and data transmission (Appendix I). 

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 allows for the inclusion of 
dates, geographic location (not as specific as street address), and any other code or characteristic not 
explicitly excluded.21 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 IDs. Admission and discharge dates as well as dates corresponding to EKGs, laboratory 
results, procedures and tests were not redacted. This information was considered crucial for 
determining whether available EKGs and test results corresponded to the hospital stay of interest and 
therefore whether an AMI occurred during the identified hospital stay. In addition, for certain tests 
(EKGs, cardiac biomarkers), the results needed to be assessed by cardiologist adjudicators in 
chronological order. We considered assigning reference values for every date. Ultimately we opted not 
to pursue this approach since we felt that this would substantially increase workload and introduce 
multiple opportunities for error.  

 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,22 every effort was made to de-identify the data prior to its transmission to the 
Operations Center. Redaction was incomplete, however, in two cases. In these instances, the Operations 
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Center immediately deleted all copies of the data from the Secure Portal, including backup files, and 
notified the appropriate Data Partner to correct the redaction and resend the data (Appendix J). This 
ensured that the privacy of patient data was maintained. 

4. Challenges encountered during the chart retrieval process 

Regarding level of burden, Data Partners were initially concerned that they would be required to obtain 
information from multiple sources, including outpatient medical records. However, clinical information 
relevant to the present validation study was to be extracted from medical records relating to only a 
single hospitalization.  

Regarding privacy issues and IRB concerns, Data Partners described several challenges encountered 
during the chart retrieval process. Though sometimes causing delays, most source data holder IRBs 
allowed charts to be located and retrieved after being provided with the privacy packet containing 
letters and documents that clarified the status of this validation project as a public health surveillance 
activity undertaken under the auspices of the FDA. However, despite the privacy packet, seven charts 
requested were not obtained due to IRB concerns, and insistence on patient consent before releasing 
medical records.  

Several other issues were brought to the workgroup’s attention by the Data Partners. The timing of 
requests (during December and January) impacted to some extent on overall project efficiency due to 
holiday-related personnel issues at the facilities holding the medical charts. Some redacted chart 
extractions were sent by mail as opposed to electronic transmission, which led to delays in transferring 
data. One Data Partner found that including a list of frequently asked questions and answers (Appendix 
K) along with each chart request led to improved turnaround times. Frequent inquiries concerning the 
disposition of charts and relationship building with the hospital staff processing the request were also 
helpful in obtaining charts more quickly. 

In an effort to gather more information about the extraction process, a survey was circulated to each 
participating Data Partner (Appendix L). This survey was used to capture varying approaches to 
requesting and retrieving data. Data Partners were also asked about the methods used during the 
redaction process as well as the approach to overall management. 

According to survey responses, Data Partners retrieved charts both electronically and physically, 
depending on individual circumstances. Most Data Partners instructed their extractors to retrieve only 
the chart components listed on the extraction form; however, some requested full charts from data 
holders to ensure that all relevant chart information was received. One site that requested full charts 
filtered through each chart and sent only the requested components to the Operations Center, while 
another sent entire charts to the MSOC to ensure completeness and stay within the project timeline. 
Sending the entire record did not comply with Mini-Sentinel policies. The organization was notified not 
to send the complete record in the future. These larger charts became a challenge in the abstraction 
process due to the increased time required to complete abstractions.  

Designated staff at each Data Partner completed chart redactions internally. Redactors were initially 
instructed to remove all patient and provider identifiers in accordance with the HIPAA Privacy Rule.21 
However, as the abstraction form was finalized, the workgroup requested that dates in the chart (i.e. lab 
dates, procedure dates, admission and discharge dates) not be redacted. Those sites that still had 
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outstanding chart requests were able to implement this change and send charts redacted according to 
the revised criteria. Each site performed quality checks on the redacted charts prior to uploading them 
to the Mini-Sentinel portal.  

D. ABSTRACTION 

Redacted components of the medical record were sent to the Operations Center via the Mini-Sentinel 
Secure Portal and then were made available through this website to the lead team for data abstraction 
by trained nurse abstractors.  

The lead team identified and reviewed a number of AMI abstraction forms and manuals used in past 
surveillance research activities relevant to AMI. The team also consulted with individuals with clinical 
and epidemiologic expertise relevant to cardiovascular disease, reviewed the American Heart 
Association (AHA)’s Universal Definition of Myocardial Infarction,23-24 reviewed the literature on troponin 
standardization,25 and communicated with directors of laboratories on percentile cutoffs for what were 
considered to be “positive” troponin values. Based on clinical consultation and literature review, the 
lead team created a 36-item abstraction form (Appendix M) that included: (a) general demographic 
information; (b) brief medical history; (c) cardiac biomarker information; (d) copies of 
electrocardiograms; (e) cardiac testing, procedure, and intervention information; and (f) information on 
disposition at the time of hospital discharge. The lead team trained two nurse abstractors to enter 
abstracted information into a Microsoft Access database and provided an accompanying instruction 
manual (Appendix N). Both abstractors gathered data from the first ten cases. These abstractions were 
reviewed together with both nurse abstractors to ensure high inter-rater reliability on items critical for 
the adjudications. 

One of the more challenging issues that emerged in the design of the abstraction and adjudication forms 
related to differences in cardiac biomarker reference standards among different hospitals. It was 
essential to design abstraction materials that could adequately capture both biomarker results and 
reference standards, even when presented in a variety of ways from different sources.  

The workgroup was also challenged with reconciling the biomarker standards described in the published 
AHA definition of AMI with laboratory values likely to be available in hospital records.23 While the AHA 
definition defined abnormal biomarker values as falling “above the 99th percentile of the upper 
reference limit,” preliminary reviews of several charts showed that hospital laboratories did not 
routinely report percentile cut-offs. Through communication with the director of one hospital 
laboratory, the lead team also found that the reported reference values did not always correspond to 
this 99th percentile cut-off. While the team did capture any and all available information on reference 
standards from charts (i.e., from printed laboratory reports), laboratories were not contacted for any 
further clarifying information. 

E. ADJUDICATION 

In consultation with FDA staff and individuals with clinical and epidemiologic expertise relevant to 
cardiovascular disease, the lead team created an adjudication protocol based on the AHA Universal 
Definition of Myocardial Infarction (Appendix O). In addition to abstracted data described above, 
adjudicating cardiologists were provided with copies of electrocardiograms and copies of all cardiac 
tests and procedure reports. 
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Two cardiologists independently reviewed each abstracted case. Cases were classified as (1) definite 
myocardial infarction (MI); (2) probable MI; (3) no MI; or (4) unable to determine. When the 
adjudicators disagreed on the classification of a case, they met and reached consensus. Categories (1) 
and (2), and categories (3) and (4) were combined into single categories in relation to the consensus 
process. Consensus was reached in all cases. The initial assessment of the adjudicators was compared 
and inter-rater reliability was calculated using the kappa statistic. This kappa score was found to be 0.60 
(95% confidence interval, 0.42 to 0.78).26 A kappa score of 0.2-0.4 reflects “fair agreement,” 0.4-0.6 
“moderate agreement,” 0.6-0.8 “substantial agreement,” and above 0.8 is “almost perfect”.27 

IV. RESULTS 

A. CASE RETRIEVAL RESULTS 

1. Percent of charts obtained 

The total number of charts requested was 153 and we were able to retrieve 93.5% (143 charts). Seven 
charts were not obtained due to IRB issues (IRBs required patient signature to release charts) and three 
charts were not obtained because the charts could not be located. Retrieval rates were fairly consistent 
across the Data Partners, as depicted in Figure 1. See also Appendix P for more detailed information. 

Percent of Charts Obtained

0%

20%

40%

60%

80%

100%

DP 1 DP 2 DP 3 DP 4 Total
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Charts Obtained

143/153
charts obtained

 

Figure 1. Percent of Charts Obtained 

2. Available chart components   

Critical chart components: There were several items that were considered critical to the adjudication 
process. These included copies of discharge summaries, copies of EKGs, and copies of laboratory results 
including cardiac biomarkers. As summarized in Figure 2, rates of retrieval for these critical items were 
over 85% across all Data Partners. 
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Availability of Critical Chart Components

 

Figure 2. Availability of critical chart components 

Additional chart components: Certain other chart components provided extremely important 
information that could be used to inform and strengthen the decisions of the adjudicators; however, this 
information was not expected to be present in each hospital record. These components included consult 
notes from cardiologists as well as reports of cardiac tests and procedures. Since not every patient 
diagnosed with AMI undergoes each of these tests or procedures (for example, not every AMI patient 
undergoes cardiac catheterization) these are items that varied by patient. In addition, the team 
expected to find some variation from hospital to hospital since not every hospital offers access to every 
test or procedure (e.g., cardiac bypass surgery). As expected, there was variability in the extent to which 
such information was available (Figure 3). 

Availability of Cardiac-Specific Chart 
Components

 

Figure 3. Availability of chart components including cardiac tests and procedures and cardiology consult notes. 
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3. 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).  

Average Size of Chart (number of pages)

 

Figure 4. Average Size of Chart (Number of pages) 

B. ABSTRACTION AND ADJUDICATION RESULTS 

Of the 143 cases abstracted, cardiologist adjudicators determined that 123 cases were either definite or 
probable AMIs (“AMI+”). There were 20 cases that were judged not to be consistent with a definite or 
probable AMI (“AMI-“), either because one or both cardiologists felt that there was insufficient 
information available to confirm the presence of an AMI (14 cases), or because both cardiologists agreed 
that there was sufficient information available to indicate that the case was not an AMI (6 cases). 

1. Positive predictive value of algorithm 

Overall the PPV was 86.0% (95% confidence interval, 79.4% to 90.8%). This overall value is somewhat 
lower than the experience reported in prior studies and this will be discussed below in the summary 
section.6-20  

The most common reason given by the cardiologists for there being insufficient information available to 
make a determination was lack of cardiac biomarkers; in ten cases, cardiologists stated that biomarkers 
were either entirely missing, incomplete with only a single value provided, or missing necessary 
reference levels. Other reasons included inadequate EKG data, including poor quality of copies (7 cases) 
or inadequate information on ischemic symptoms (7 cases). In a number of these cases, more than one 
deficiency was specified. 
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As summarized in Table 1 below, PPVs did vary across the Data Partners; PPVs ranged from 76.3% to 
94.3%. 

Table 1. Calculated PPV by Data Partner with 95% confidence intervals 

Data Partner AMI+ AMI- 
Total # of 

Charts 
 PPV (%) 95 % Confidence Interval 

DP1 26 6 32 81.3 64.7, 91.1 

DP2 29 9 38 76.3 60.8, 87.0 

DP3 33 2 35 94.3 81.4, 98.4 

DP4 35 3 38 92.1 79.2, 97.3 

  

OVERALL 123 20 143 86.0 79.4, 90.8 

The PPV was lower for the group of patients aged 75 years and older (79.2%, 95% CI 66.5% to 88.0%) as 
compared to those under 75 (94.6%, 95% CI 86.9% to 97.9%). The PPV was higher for men (93.4%, 95% 
CI 85.5% to 97.2%) than for women (77.6%, 95% CI 66.3% to 85.9%) (see Table 2). When we analyzed 
PPV for men and women stratified by age, we found that there was little difference in PPV between men 
and women under age 75 (PPV for men 95.6%, 95% CI 85.2% to 98.8%,vs women 93.1%, 95% CI 78.0% to 
98.1%) and that the difference between sexes was largely driven by differences among men and women 
aged 75 and older (PPV for men 88.5%, 95% CI 71.0% to 96.0%, vs women 77.6%, 95% CI 66.3% to 
85.9%). 

Table 2. Calculated PPV by age and gender with 95% confidence intervals 

Characteristic AMI+ AMI- 
Total # of 

Charts 
PPV (%) 95 % Confidence Interval 

AGE <75 70 4 74 94.6 86.9 to 97.9 

 AGE 75+ 42 11 53 79.2 66.5 to 88.0 

MALE  71 5 76 93.4 88.5 to 97.2 

    <75 43 2 45 95.6 85.2 to 98.8 

    75+ 23 3 26 88.5 71.0 to 96.0 

    UNAVAILABLE 5 0 5 100  

FEMALE 52 15 67 77.6 63.3 to 85.9 

    <75 27 2 29 93.1 78.0 to 98.1 

     75+ 19 8 27 70.4 51.5 to 84.1 

    UNAVAILABLE 6 5 11 54.5 28.0 to 78.7 
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V. SUMMARY AND CONCLUSIONS 

The AMI Validation project has established a process for validating medical outcomes within Mini-
Sentinel that can serve as a model for future surveillance validation activities. The project has provided 
important insights into the challenges inherent in conducting HOI validation efforts. Key issues identified 
include: (1) the need to determine the scope of HOI definitions (broad vs more focused); (2) the need for 
early assessment regarding centralized vs distributed approaches to chart abstraction; and (3) the need 
to have established policies and approaches to maintaining patient privacy and addressing IRB issues. It 
will be important for future validation projects to anticipate between-hospital differences in laboratory 
reference standards and between-hospital variations in how these data are presented to the 
adjudicators.  

The overall PPV determined in this project is somewhat lower than the experience reported in prior 
studies.6-20 Many of these older studies did not employ the universal definition of myocardial infarction, 
and did not consider the evolving consensus regarding troponin levels, as they relate to this definition. 

Future validation studies of AMI should consider assessing the impact of incorporating additional criteria 
into the algorithm (e.g., length of stay and hospital transfer criteria).  

The workgroup believes that the following “lessons learned” will inform the development of best 
practices when conducting similar Mini-Sentinel validation activities in the future. 

A.  LESSONS LEARNED 

1. Preparatory Stages 

Workgroup: A workgroup that includes all involved parties including the FDA, the Mini-Sentinel 
Operations Center, and the Academic and Data Partners provided a platform for effective 
communication during protocol development and allowed us to identify potential challenges quickly. 
Regularly scheduled workgroup meetings also allowed for achieving consensus among the workgroup 
members with regard to project timelines, required chart components, and deliverables.  

2. Chart Retrieval 

Chart Request: The Operations Center provided each Data Partner with a privacy packet to disseminate 
to source data holders. These documents outlined the activity as public health surveillance and detailed 
privacy and confidentiality measures used in the activity. Data Partners distributed these documents 
when making the initial chart request to source data holders and the workgroup believes that this 
resource helped expedite the chart retrieval process. 

Defining Scope: There was decision-making required surrounding what constituted a single 
hospitalization or a single event. Some patients were transferred to another facility in the context of 
care regarding a “single” event. 
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Privacy Packet: One Data Partner mentioned that they were asked for contract information showing that 
the Data Partner was a part of Mini-Sentinel. In future work, consideration should be given to adding 
this information to the privacy packet. 

Planning for vendor and non-vendor processes: The workgroup planned for multiple chart component 
extraction scenarios which provided Data Partners with additional options and increased flexibility when 
retrieving charts. 

Vendor Considerations: Some Data Partners preferred to employ vendors for chart extraction activities. 
This process did briefly delay the project timeline as Data Partners faced challenges in finding reasonably 
priced vendors. Although each chart retrieval scenario required additional resource planning, this hybrid 
approach made for an efficient overall chart retrieval process.  

Transferring of information: The Operations Center provided Data Partners access to the Mini-Sentinel 
Secure Portal for transferring, managing and retrieving chart data. The Portal is a secure and efficient 
pathway for uploading data. The Operations Center was also able to track all data and provide 
abstractors access to chart extracts through this environment. 

Chart size: The reasons for the high degree of variability in chart size require further exploration and are 
likely multi-factorial.  

Chart organization: Consideration should be given in the future to assigning a set of uniform case IDs to 
each Data Partner to avoid the possibility of overlapping ID numbers. 

3. Abstraction and Adjudication 

Redaction of needed information: A well-defined protocol for redaction should be provided to every 
Data Partner to prevent redaction of key pieces of information necessary to facilitate the abstraction 
and adjudication processes. Dates of service were essential for determining whether EKGs, biomarkers 
or other tests corresponded to the index hospitalization or corresponded to an earlier (or later) 
hospitalization or healthcare encounter. In addition, certain items (e.g., EKGs and biomarkers) needed to 
be presented to the cardiologist adjudicators in chronological order. In cases where dates were missing, 
both abstractors and adjudicators were challenged unnecessarily. Use of a reference value in place of 
existing dates would have substantially increased the workload; requiring on-site redactors to generate 
reference dates would have been a substantial task. In addition, given the complexity of data necessary 
for the performance of the adjudications, use of a reference value for dating of services and tests would 
have introduced numerous opportunities for error and confusion. 
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VIII. APPENDICES 

A. APPENDIX A. MEMBERS OF THE MINI-SENTINEL ACUTE MYOCARDIAL INFARCTION (AMI) 
VALIDATION WORKGROUP 

Name of Collaborator Role 

U.S. Food and Drug Administration Provides FDA’s input into development of AMI definition for 
validation and development of validation process; 
coordinates input of other FDA review staff and subject 
matter experts 

Harvard Pilgrim Health Care Institute Mini-Sentinel Operations Center. Creates AMI validation 
workgroup; provides scientific, analytic and administrative 
infrastructure; coordinates communication between 
collaborators; designs program for chart retrieval and 
coordinates retrieval effort. 

Meyers Primary Care Institute/University of Massachusetts 
Medical School 

Lead Site. Designs approach for chart identification, specifies 
components of chart; designs and carries out abstraction 
and adjudication efforts; provides cardiologists for expert 
adjudication. 

Kaiser Permanente Center for Effectiveness and Safety 
Research:  
   Kaiser Permanente Northern California 
   Kaiser Permanente Georgia 
   Kaiser Permanente Hawaii 

Data Partners. Implements computer program for 
identification of AMI cases; retrieves, copies, de-identifies 
and transmits selected healthcare data to the lead team 
through the Operations Center. 

HMO Research Network: 
   Group Health Cooperative 
   Fallon Community Health Plan 

HealthCore, Inc 

Humana 
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B. APPENDIX B. CRITICAL INFORMATION GATHERED FROM REVIEW OF PREVIOUS ACUTE 
MYOCARDIAL INFARCTION (AMI) VALIDATION STUDIES OF ELECTRONIC HEALTH DATA 

Data Types Algorithm Components Algorithm Structure Algorithm Performance 
Metrics 

� Registry 

� Hospital Administrative 
Data 

� Claims data 

� Other (Electronic health 
record, survey data) 

� ICD-8, ICD-9, ICD-10 
discharge codes 

� Position of this code 
(primary position; first 
position; second 
position; “Most 
responsible diagnosis”) 

� Diagnosis-related Group 
(DRG) codes 

� Other criteria: length of 
hospital stay (3-180 
days); transfer to or 
from outside hospital; 
death during hospital 
stay; previous AMI in 
past 8 weeks 

� Combination of codes 
by type (ICD-8, 9, 10, 
DRG) using OR vs AND 

� Combination by position 
(primary only vs primary 
OR first vs primary OR 
first OR second, etc.) 

� Combination of code 
with other criteria 
(example: ICD code AND 
length of stay >3 days) 

� Sensitivity 

� Specificity 

� Positive predictive value 
(PPV) 
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C. APPENDIX C. ICD-9-CM CODES INCLUDED IN AMI ALGORITHM 

Type of Code Code Description 

ICD-9-CM 410.00 ACUTE MYOCARDIAL INFARCTION OF ANTEROLATERAL WALL, EPISDOE OF CARE UNSPECIFIED 

ICD-9-CM 410.01 ACUTE MYOCARDIAL INFARCTION OF ANTEROLATERAL WALL, INITIAL EPISODE OF CARE 

ICD-9-CM 410.10 ACUTE MYOCARDIAL INFARCTION OF OTHER ANTERIOR WALL, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.11 ACUTE MYOCARDIAL INFARCTION OF OTHER ANTERIOR WALL, INITIAL EPISODE OF CARE 

ICD-9-CM 410.20 ACUTE MYOCARDIAL INFARCTION OF INFEROLATERAL WALL, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.21 ACUTE MYOCARDIAL INFARCTION OF INFEROLATERAL WALL, INITIAL EPISODE OF CARE 

ICD-9-CM 410.30 ACUTE MYOCARDIAL INFARCTION OF INFEROPOSTERIOR WALL, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.31 ACUTE MYOCARDIAL INFARCTION OF INFEROPOSTERIOR WALL, INITIAL EPISODE OF CARE 

ICD-9-CM 410.40 ACUTE MYOCARDIAL INFARCTION OF OTHER INFERIOR WALL, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.41 ACUTE MYOCARDIAL INFARCTION OF OTHER INFERIOR WALL, INITIAL EPISODE OF CARE 

ICD-9-CM 410.50 ACUTE MYOCARDIAL INFARCTION OF OTHER LATERAL WALL, EPISODE OF CARE UNSPECIFIED  

ICD-9-CM 410.51 ACUTE MYOCARDIAL INFARCTION OF OTHER LATERAL WALL, INITIAL EPISODE OF CARE 

ICD-9-CM 410.60 TRUE POSTERIOR WALL INFARCTION, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.61 TRUE POSTERIOR WALL INFARCTION, INITIAL EPISODE OF CARE 

ICD-9-CM 410.70 SUBENDOCARDIAL INFARCTION, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.71 SUBENDOCARDIAL INFARCTION, INITIAL EPISODE OF CARE 

ICD-9-CM 410.80 ACUTE MYOCARDIAL INFARCTION OF OTHER SPECIFIED SITES, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.81 ACUTE MYOCARDIAL INFARCTION OF OTHER SPECIFIED SITES, INITIAL EPISODE OF CARE 

ICD-9-CM 410.90 ACUTE MYOCARDIAL INFARCTION OF UNSPECIFIED SITE, EPISODE OF CARE UNSPECIFIED 

ICD-9-CM 410.91 ACUTE MYOCARDIAL INFARCTION OF UNSPECIFIED SITE, INITIAL EPISODE OF CARE 
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D. APPENDIX D. ALGORITHM TO IDENTIFY PATIENTS WITH ACUTE MYOCARDIAL INFARCTION 
IN THE MINI-SENTINEL DISTRIBUTED DATABASE 

ICD-9 hospital discharge codes (a principal or primary discharge code only) of 410.x0 and 410.x1. 

If a data source does not have a diagnosis designated as principal or primary, use the first-listed 
discharge diagnosis. 
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E. APPENDIX E. EXTRACTION FORM 
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F. APPENDIX F. EXTRACTION MANUAL 
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G. APPENDIX G. PRIVACY PACKET 
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H. APPENDIX H. LETTER TO PROVIDERS FROM DATA PARTNERS 
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I. APPENDIX I. POSSIBLE SCENARIOS FOR CHART RETRIEVAL AND DETAILED STEPS FOR 
CHART REDACTION AND DATA TRANSMISSION ENVISIONED IN THE MINI-SENTINEL ACUTE 
MYOCARDIAL INFARCTION (AMI) VALIDATION ACTIVITY  
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J. APPENDIX J. PROTOCOL DEVIATION CORRECTION PROCESS 
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K. APPENDIX K. SAMPLE FREQUENTLY ASKED QUESTIONS SENT BY DATA PARTNERS TO 
PROVIDER SITES 
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L. APPENDIX L. DATA PARTNER SURVEY 
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M. APPENDIX M. ABSTRACTION FORM 
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P. APPENDIX P. INFORMATION ON CHARTS RECEIVED  

  DP1 DP2 Site A DP2 Site B 
DP2 

Combined DP3 DP4 Site A DP4 Site B DP4 Site C 

DP4 
Combine

d Total 
Number 
Requested 38   19  19   38   38  13   13  13   39   

15
3   

Number 
Obtained 32 

84.
2% 19 

100
.0% 19 

100
.0% 38 

100
.0% 35 

92.
1% 12 

92.
3% 13 

100
.0% 13 

100
.0% 38 

97.
4% 

14
3 

93.
5% 

Number 
UnObtained 6 

15.
8% 0 

0.0
% 0 

0.0
% 0 

0.0
% 3 

7.9
% 1 

7.7
% 0 

0.0
% 0 

0.0
% 1 

2.6
% 10 

6.5
% 

Avg Size of 
Chart (in 
pages) 

32
9.7

2   

35
.1
6  

54
.8
9   

45
.0
2   

21
0.3

7  

97
.5
8   

45
.3
1  

10
7.6

2   

83
.5
0   

12
5.
6   

Charts from 
Own Hospital 32 

100
.0% 0 

0.0
%   

0.0
% 0 

0.0
% 0 

0.0
% 12 

100
.0% 0 

0.0
% 13 

100
.0% 25 

65.
8% 57 

39.
9% 

Avg No of 
Components 

7.3
1   

7.
79  

8.
50   

8.
14   

7.6
8  

6.
92   

8.
54  

7.6
9   

7.
72   

7.
8   

Total No of 
Components 

23
4 

52.
2% 

14
8 

55.
6% 

15
9 

59.
8% 

30
7 

57.
7% 

26
1 

53.
3% 83 

49.
4% 

11
1 

61.
0% 

10
0 

54.
9% 

29
4 

55.
3% 

10
96 

54.
7% 

Admin 
Hist/Physical 31 

96.
9% 19 

100
.0% 15 

78.
9% 34 

89.
5% 35 

100
.0% 9 

75.
0% 13 

100
.0% 13 

100
.0% 35 

92.
1% 

13
5 

94.
4% 

Discharge 
Summary 28 

87.
5% 19 

100
.0% 18 

94.
7% 37 

97.
4% 30 

85.
7% 10 

83.
3% 13 

100
.0% 13 

100
.0% 36 

94.
7% 

13
1 

91.
6% 

Transfer 
Records 6 

18.
8% 2 

10.
5% 11 

57.
9% 13 

34.
2% 9 

25.
7% 2 

16.
7% 6 

46.
2% 10 

76.
9% 18 

47.
4% 46 

32.
2% 

Cardio 
Consult Notes 21 

65.
6% 9 

47.
4% 18 

94.
7% 27 

71.
1% 28 

80.
0% 8 

66.
7% 11 

84.
6% 9 

69.
2% 28 

73.
7% 

10
4 

72.
7% 

Autopsy 
Reports 2 

6.3
% 3 

15.
8% 0 

0.0
% 3 

7.9
% 1 

2.9
% 1 

8.3
% 2 

15.
4% 0 

0.0
% 3 

7.9
% 9 

6.3
% 

EMT/Ambul
ance Notes 6 

18.
8% 11 

57.
9% 2 

10.
5% 13 

34.
2% 5 

14.
3% 1 

8.3
% 2 

15.
4% 6 

46.
2% 9 

23.
7% 33 

23.
1% 

Emergency 
Dept Notes 24 

75.
0% 18 

94.
7% 14 

73.
7% 32 

84.
2% 26 

74.
3% 7 

58.
3% 12 

92.
3% 11 

84.
6% 30 

78.
9% 

11
2 

78.
3% 

12 lead EKG 
Copies 30 

93.
8% 17 

89.
5% 19 

100
.0% 36 

94.
7% 30 

85.
7% 11 

91.
7% 13 

100
.0% 13 

100
.0% 37 

97.
4% 

13
3 

93.
0% 

Lab Reports 32 
100
.0% 17 

89.
5% 19 

100
.0% 36 

94.
7% 33 

94.
3% 9 

75.
0% 13 

100
.0% 13 

100
.0% 35 

92.
1% 

13
6 

95.
1% 

Cardiac 
Catherization 
Report 16 

50.
0% 12 

63.
2% 15 

78.
9% 27 

71.
1% 25 

71.
4% 9 

75.
0% 12 

92.
3% 5 

38.
5% 26 

68.
4% 94 

65.
7% 

PCI Report 11 
34.
4% 7 

36.
8% 11 

57.
9% 18 

47.
4% 16 

45.
7% 7 

58.
3% 5 

38.
5% 2 

15.
4% 14 

36.
8% 59 

41.
3% 

Bypass 
Surgery Report 4 

12.
5% 3 

15.
8% 3 

15.
8% 6 

15.
8% 3 

8.6
% 2 

16.
7% 0 

0.0
% 1 

7.7
% 3 

7.9
% 16 

11.
2% 

Stress Tests 
Report 4 

12.
5% 1 

5.3
% 2 

10.
5% 3 

7.9
% 2 

5.7
% 0 

0.0
% 0 

0.0
% 0 

0.0
% 0 

0.0
% 9 

6.3
% 

Echocardiog
ram reports 17 

53.
1% 10 

52.
6% 12 

63.
2% 22 

57.
9% 23 

65.
7% 8 

66.
7% 9 

69.
2% 4 

30.
8% 21 

55.
3% 83 

58.
0% 
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