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I. BACKGROUND 

Certain health outcomes may be causally associated with exposure to a medical product and/or medical 
countermeasures. As many of these health outcomes are relatively rare events, detecting a 
corresponding signal in the treatment exposed population poses a challenge to post-marketing active 
surveillance systems. Electronic healthcare data environments with large population coverage, such as 
the Mini-Sentinel distributed database (MSDD), provide opportunities to conduct active surveillance for 
such health outcomes of interest (HOIs) after exposure to medical products and medical 
countermeasures. Thus, development of HOI identification algorithms for use in the MSDD is needed.  
 
FDA identified 16 HOIs as priorities for algorithm development. The HOIs were selected based on several 
criteria: 1) likelihood of association with new medical products and/or cause of withdrawal of past 
medical products, 2) clinical and public health importance, 3) suitability for detection with active 
surveillance (e.g., short latency period, high hazard ratio), and 4) appropriateness of data within MSDD 
for detection of the HOI (i.e., does the MSDD capture the necessary data elements for the right 
population in the appropriate setting). Additional algorithms for the detection of other HOIs will be 
developed as new needs and capabilities emerge.  

II. PURPOSE 

The workgroup set forth to recommend or propose algorithms for the identification of 16 HOIs to FDA. 
The 16 HOIs of interest included: Achilles tendon rupture, erythema multiforme major (including 
Stevens-Johnson syndrome and toxic epidermal necrolysis), febrile seizure, Guillain-Barre syndrome, 
Henoch-Schönlein purpura, hip fracture, idiopathic thrombocytopenia purpura, peripheral neuropathy, 
pulmonary hypertension, rhabdomyolysis, severe acute liver injury, sudden cardiac death and 
ventricular arrhythmia, suicide (including attempted suicide), thrombocytopenia, type I diabetes, and 
valvulopathy. This report was the workgroup’s main deliverable. 
  
The focus of this activity was to identify algorithms, validated when possible, to identify selected HOIs 
relevant to medical products/countermeasures in the MSDD. Algorithms capable of identifying these 
HOIs within the MSDD will enable assessments of adverse outcomes after exposure to medical 
products/countermeasures. The workgroup identified or derived algorithms for the HOIs based on 
extensive review of existing literature and other data. This activity was not a systematic review and 
results presented within should be interpreted accordingly. Additionally, performing validation studies 
of these algorithms was beyond the scope of the workgroup’s charge. Mini-Sentinel has published a 
report related to the current report, entitled Alternative Methods for Health Outcomes of Interest 
Validation that considered whether less resource-intensive approaches to validation might be feasible.1 
Readers interested in alternative methods to validate the subset of the outcomes included in this report 
(erythema multiforme/Stevens-Johnson syndrome, febrile seizure, Guillain-Barre syndrome, Henoch-
Schönlein purpura, hip fracture, idiopathic thrombocytopenia purpura, pulmonary hypertension, 
rhabdomyolysis, sudden death, suicide, tendinopathies, type I diabetes, and valvulopathy), should see 
the above-referenced publication available on the Mini-Sentinel website.  
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III. LIMITATIONS 

Many of the algorithms discussed in this report have limitations. Additionally, just because an algorithm 
is listed in this report does not necessarily mean that it will function well. Some are applicable only to 
specific populations, while others require a distinction between primary and secondary International 
Classification of Diseases (ICD-9) coding positions. Determining whether a diagnosis is primary (also 
denoted as principal or first-listed) or secondary is essential to the function of some HOI identification 
algorithms included in this report. Primary diagnosis can be difficult to identify consistently for all Data 
Partners in some electronic healthcare data environments included in the MSDD. Thus, the ability to 
apply some of the algorithms included in this report may be influenced by the data available in a 
particular electronic healthcare data environment. 

IV. WORKGROUP MEMBERS 

The findings of this workgroup resulted from a collaboration between the Center for 
Pharmacoepidemiology Research and Training at the Perelman School of Medicine of the University at 
Pennsylvania (as lead site), the University of Iowa, the Mini-Sentinel Operations Center (MSOC) and the 
FDA. Table 1 lists workgroup members. 

Table 1. Workgroup constituents and roles 

Participating Site Participant Workgroup Role 

University of Pennsylvania 
Sean Hennessy, PharmD, PhD Leader 
Cristin Freeman, MPH, MBE Lead Evidence Evaluator 
Charles Leonard, PharmD, MSCE Member 

University of Iowa Ryan Carnahan, PharmD, MS, BCPP Member 
Elizabeth Chrischilles, MS, PhD Member 

Harvard Pilgrim Health Care Institute Aarthi Iyer, MPH MSOC support 
Sunali Goonesekera, SM MSOC support 

FDA Patrick Archdeacon, MD Oversight and guidance 

V. WORKGROUP METHODS 

Major workgroup activities included: a) survey and inventory of Mini-Sentinel Investigators and Data 
Partners regarding their prior experience in developing algorithms identifying the above-listed outcomes 
of interest; b) review of existing (e.g., literature-reported) outcome definitions, focusing on studies using 
U.S. and Canadian data using ICD-9 diagnosis codes; and c) developing recommendations for outcome-
defining algorithms while documenting selection rationale and technical specifications. 
 
The survey of Mini-Sentinel Investigators and Data Partners was intended to supplement our planned 
literature reviews for identifying existing algorithms for HOIs. The workgroup developed a personalized 
solicitation that briefly described the purpose of our workgroup and requested voluntary provision of 
published and unpublished algorithms from recipients. This solicitation was emailed by the MSOC. 
Responses were received by the MSOC and the workgroup Lead Evidence Evaluator and inventoried on 
the Sentinel Initiative’s WebEx WebOffice site. 
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The Lead Evidence Evaluator then conducted an in-depth review of the literature on the 16 HOIs named 
in the workgroup opportunity to identify existing algorithms and characterize validation metrics. 
Principal search strategies included the use of PubMed, Google Scholar, and the review of the reference 
sections of manuscripts identified via these methods. In several instances, when detail on an 
algorithm(s) was not fully presented in an identified manuscript, its authors were contacted for 
supplemental information. This activity was not intended to be a systematic review. Results of the in-
depth literature review and synthesis were cataloged and discussions of these findings were presented 
to the FDA during twice-monthly workgroup teleconferences. In some cases, a workgroup-developed 
algorithm, derived from an algorithm reported in the literature, was listed as a primary or secondary 
algorithm.  

VI. WORKGROUP FINDINGS 

A. SURVEY/INVENTORY OF MINI-SENTINEL INVESTIGATORS AND DATA PARTNERS 

Mini-Sentinel Investigators and Data Partners were contacted via email during February 2013. The 
MSOC received responses from fifteen Mini-Sentinel collaborators. Three investigators/Data Partners 
responded that they had validation work underway that may or may not be finished in time to be 
included in this report. Most responses included the provision of published manuscripts describing the 
validity of specific algorithms and/or compiled code sets (i.e., operational definitions for given 
outcomes) without an evaluation of their validity.  

B. DEVELOPMENT OF ALGORITHMS AND DOCUMENTATION OF SPECIFICATIONS 

A literature review was conducted for the following HOIs. For each, one or more observed or derived 
algorithms are presented along with a rationale. In some instances, the algorithm presented has not 
been validated, yet the workgroup offers the algorithm as a possible approach to identify the HOI. The 
presence of an algorithm in this report does not mean that the workgroup knows how this algorithm will 
perform. Text on each HOI describes the process of review and selection for each primary/secondary 
observed or derived algorithm. If an algorithm has not been validated or has a PPV less than 75%, this 
was denoted in the Appendix Table 1. A high-level summary of estimated PPVs and sensitivities for 
primary observed or derived algorithms are presented in Table 2 below.  

Table 2. Estimated positive predictive values (PPVs) and sensitivities of primary observed or derived 
algorithms for identifying specific HOIs 

HOIs Estimated  
PPV (%) 

Estimated 
sensitivity (%) 

1. Achilles tendon rupture (ATR) 86 unknown† 
2. Erythema multiforme major (EMM), including Stevens 
Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) unknown unknown 

3. Febrile seizure* unknown unknown 
4. Guillain-Barre syndrome (GBS) 70-88 unknown 
5. Henoch-Schönlein purpura (HSP) †† unknown unknown 
6. Hip fracture 94 unknown 
7. Idiopathic thrombocytopenia purpura (ITP) †† unknown unknown 
8. Peripheral neuropathy (PN) †† unknown unknown 

Mini-Sentinel Methods - 3 - 16 HOIs for Surveillance Preparedness  



 
  
 
 
 

HOIs Estimated  
PPV (%) 

Estimated 
sensitivity (%) 

9.  Pulmonary hypertension (PH) †† unknown unknown 
††10. Rhabdomyolysis  8 76 

11. Severe acute liver injury (SALI) 63-100 unknown 
12. Sudden cardiac death and ventricular arrhythmia (SCD/VA) 85 unknown 
13. Suicide/Attempted suicide 100 unknown 
14. Thrombocytopenia 83 unknown 
15. Type I diabetes mellitus  97 unknown 
16. Valvulopathy 93 41 
† Unknown can mean: 1) the metric was not included in the published algorithm, 2) the 
workgroup could not find a validated algorithm, 3) the workgroup chose to recommend an 
unvalidated- algorithm due to expert input and/or coding changes since the last validation 
study was performed 
* Validation statistics to be released with the PRISM Febrile Seizure report, Fall/Winter 2013 
†† Lack of published validation studies and/or manuscripts using ICD-9 diagnosis codes to 
describe the HOI 
 

1. Achilles tendon rupture (ATR) 

Primary Observed or Derived Algorithm 
Any claim type, any position  
>= 1 ICD-9 code: 727.67  
AND  
>= 1 CPT code: 27605, 27606, 27650, 27652, 27654, or 01472 

 
A literature review produced 7 publications regarding algorithms or codes to identify tendon rupture.2-8  
 
Initially, the intent of the workgroup was to research validated algorithms for all tendon rupture. After 
searching the literature, it became apparent that only Achilles tendon rupture (ATR) had been validated 
using administrative data. Given this, the workgroup focused its review on ATR as opposed to the initial 
FDA-requested HOI, tendon rupture.  
 
Only one of the seven identified studies reported test characteristics for an ATR algorithm. Three of the 
studies were conducted using non-US/Canada data,2-4 two did not use the ICD-9 codes to define their 
outcome diagnoses5, 6 and one referred to a validated algorithm,7 but was not a validation study. The 
remaining study was published by Seeger et al. in 2006.8 This study reported a PPV of 91% using a 
combination of ICD-9 and Current Procedural Terminology (CPT) codes. Yet, this algorithm relied on 
provider specialty, a field unavailable within the Mini-Sentinel common data model (MSCDM). In order 
to gather more information on algorithm performance without the specialty information, the workgroup 
contacted the primary author. That author explained that after first identifying all patients with relevant 
ATR codes, the investigators made a distinction that required the patient to have both a diagnosis 
(inpatient, outpatient or emergency department (ED), ICD-9 code 727.67 [nontraumatic rupture of 
Achilles tendon], in any position) and a procedure code (inpatient or outpatient CPT code for Achilles 
tendon repair (27605 [tenotomy, percutaneous, Achilles tendon (separate procedure); local anesthesia], 
27606 [tenotomy, percutaneous, Achilles tendon (separate procedure); general anesthesia], 27650 
[repair, primary, open or percutaneous, ruptured Achilles tendon], 27652 [repair, primary, open or 
percutaneous, ruptured Achilles tendon; with graft (includes obtaining graft)], 27654 [repair, secondary, 
Achilles tendon, with or without graft], 01472 [anesthesia for procedures on nerves, muscles, tendons, 
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and fascia of lower leg, ankle, and foot; repair of ruptured Achilles tendon, with or without graft])). If the 
answer was “no” (i.e., the patient had a diagnosis or a procedure, but not both), the PPV was 15%. If the 
answer was “yes” (i.e., the patient had both diagnosis and procedure), the PPV was 86%. The authors 
subsequently used provider specialty along with site of care to improve the latter PPV to 91%. In a 
personal communication, the primary author suggested that the small improvement in PPV may not be 
worth the resources needed to identify provider specialty and site of care, given that many existing 
databases do not include this information.  
 
In the context of the discussion with the author, it was suggested that if a researcher were interested in 
using an algorithm that may be more sensitive, they could add CPT codes for medically treated ATR (i.e., 
walking boot). The author stated that medical treatment for ATR is more common in certain patient 
groups (i.e., unfavorable surgical candidates, such as older patients), so a broader algorithm that 
includes non-surgical codes should lead to a more complete capture of the outcome. Based on this 
suggestion, the workgroup searched for CPT codes for walking boot/ankle casting and were unable to 
find a well-defined list of codes that would clearly represent medical treatment for ATR. Given this, the 
workgroup decided not include codes for medically-treated ATR, even as a component of a secondary 
recommendation. The workgroup recognizes that addressing surgically-treated ATR only is a more 
narrow definition than if we were to include medically treated ATR; however the workgroup felt as 
though they could not recommend an un-validated algorithm to describe medically treated ATR in the 
absence of evidence. 
 
Therefore, the workgroup recommends the validated Seeger et al. algorithm8 for defining surgically-
repaired ATR, which includes an ICD-9 code 727.67 in any claim type, any position and a CPT procedure 
code for ATR repair (27605, 27606, 27650, 27652, 27654, or 01472).  

2. Erythema multiforme major (EMM), including Stevens-Johnson syndrome (SJS) and toxic 
epidermal necrolysis (TEN) 

Primary Observed or Derived Algorithm 
Any claim type, any position 
>= 1 ICD-9 code: 695.1, 695.10, 695.11, 695.12, 695.13, 695.14, 695.15, or 695.19 

 
A literature review produced 4 publications regarding algorithms or codes to identify erythema 
multiforme major, Stevens-Johnson syndrome, and/or toxic epidermal necrolysis.9-12  
 
Validated algorithms to identify erythema multiforme (EM) exist, but are outdated. In 2009, Mini-
Sentinel conducted an HOI evidence review on EM. All studies reported within consistently defined EM 
and related conditions via ICD-9-CM code 695.1 [erythema multiforme]. Prior to 2009, Erythema 
multiforme major (EMM), Stevens-Johnson syndrome (SJS), and toxic epidermal necrolysis (TEN) were 
defined by a single four-digit ICD-9 code 695.1, which also included staphylococcus scalded-skin 
syndrome (SSSS) and erythema multiforme minor. In October 2008, coding changes were made to add 
fifth-digit, specific ICD-9 codes to distinguish EM (major/minor) from SJS, TEN, and SJS–TEN overlap 
syndrome; SSSS was eliminated from ICD-9 695.1. In an attempt to make validation metrics 
interpretable post-coding changes, the Mini-Sentinel HOI evidence review reported the following PPV 
ranges with and without SSSS diagnoses: 61-66% and 54-60%, respectively.9, 10 
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In addition to the Mini-Sentinel review,10 a few papers examined ICD-9 codes for EM/SJS/TEN; however, 
the data used pre-dates changes to the ICD-9 coding structure. One study by Eisenberg et al. reported 
that 695.1 poorly identified SJS in a large, commercially-insured U.S.population.11 Knowing that the 
coding structure they were reporting on was already out of date, the authors performed an ad-hoc 
review in a more recent year of data (October 2009-November 2010), examining the five-digit ICD-9 
code for SJS (695.13 [Stevens-Johnson syndrome]). This new code identified 565 patients, which was 
approximately 9% of all 695.1x codes found in that time. Further, Dreyfus et al. used the new five-digit 
ICD-9 codes to identify EM, SJS and TEN, but these outcomes were not validated as part of the study.12  
 
While the newer five-digit ICD-9 codes have the potential to aid future examination of coding algorithms 
for EMM and related conditions, they have yet to be validated. Further, apart from skin biopsy, no 
specific laboratory technique exists to identify these conditions, so there are no additional metrics that 
the workgroup can propose in an effort to improve the primary algorithm. 
 
For defining the outcome of EM, EMM, SJS and TEN, the workgroup proposes using the newer more 
specific ICD-9 codes together to define the general HOI and individually to define a specific condition: 
695.1, 695.10 [erythema multiforme, unspecified], 695.11 [erythema multiforme minor], 695.12 
[erythema multiforme major], 695.13, 695.14 [Stevens-Johnson syndrome - toxic epidermal necrolysis 
overlap syndrome], 695.15 [toxic epidermal necrolysis], or 695.19 [other erythema multiforme] in both 
inpatient and outpatient files (any position), acknowledging that these codes have not been validated. 
The workgroup suggests that researchers consider restricting their search to inpatient files when 
interested in looking for a subset of serious EMM (695.12)/SJS (695.13)/TEN (695.14 or 695.15).  

3. Febrile seizure 

Primary Observed or Derived Algorithm 
ED or inpatient , any position 
>= 1 ICD-9 code: 780.31 or 780.32 

 
A literature review produced 10 publications regarding algorithms or codes to identify febrile seizure.13-

22  
 
Most of the published seizure literature has not focused on febrile seizure, and is limited to studies 
conducted in pediatric populations in post-immunization settings. One of the few studies which 
considered fever in the context of seizure was conducted by Tse et al. and focused on signal 
identification and risk evaluation of febrile seizures in the Vaccine Safety Datalink (VSD) project.13 This 
study validated the algorithm for identifying febrile seizure (780.3 [convulsions], 780.31 [febrile 
convulsions (simple), unspecified]), (780.32 [complex febrile convulsions]), or 780.39 [other convulsions]) 
in the inpatient or ED setting) and found a PPV of 77%. Although 47 of the 61 charts reviewed had 
documentation of a seizure and concurrent fever in the specified risk and control windows, the ICD-9 
codes used included both general convulsions codes and codes specific to febrile seizure. Performance 
of the individual codes used in this algorithm was not provided. 
 
Other studies considered by the workgroup are as follows. Klein et al. used VSD data from years 2000-
2008. This study examined adverse events in children receiving a combination measles-mumps-rubella-
varicella (MMRV) vaccine versus separate MMR and varicella vaccines. Adverse events included febrile 
seizures identified using a combination of ED and inpatient epilepsy (345*[epilepsy and recurrent 

Mini-Sentinel Methods - 6 - 16 HOIs for Surveillance Preparedness  



 
  
 
 
 
seizures]) and seizure (780.3*) ICD-9 codes, which were later chart-reviewed. As a separate outcome, 
the authors examined ICD-9 codes for the outpatient diagnosis of fever (780.6 [fever and other 
physiologic disturbances of temperature regulation]).14 The Klein algorithm also made exclusions based 
on history of seizure codes.15  
 
The workgroup reviewed a variety of studies that looked at seizure and epilepsy codes in general, 
regardless of fever.16-22 Shui et al.17 provided additional detail on the frequency of ICD-9 codes 333.2 
[myoclonus] and 779.0 [convulsions in newborn], which had low PPVs and accounted for very few of the 
overall epilepsy/seizure codes. These codes were not included in the Klein algorithm, so the workgroup 
was grateful for evidence showing the infrequency of their use. Additionally, MSOC confirmed that the 
MSCDM does not have a variable to capture body temperature data at this time.  
 
The workgroup consulted with Alison Tse Kawai, ScD, SM, a Mini-Sentinel investigator studying febrile 
seizures post-influenza vaccination as a Post-Licensure Rapid Immunization Safety Monitoring (PRISM) 
activity. Dr. Kawai commented that to maximize PPV for this HOI, she would recommend restricting an 
algorithm to ICD-9 codes 780.31 or 780.32 found in an ED or inpatient setting, in any position. In a 
PRISM study identifying febrile seizure, the PPV for this algorithm was much greater than the PPV for 
another algorithm that used all seizure codes (excluding 780.33 [post-traumatic seizures]). Only about 
8% of confirmed cases in the PRISM study lacked codes for febrile seizures, and the PPV for additional 
cases captured with more general ICD-9 code to define seizure (780.3 and 780.39 [other convulsions]) 
was extremely low, even if medically-attended fever on the same day in the ED or IP setting was 
required.  
 
For defining the outcome of febrile seizure, the workgroup proposes the algorithm with the highest PPV 
from the to-be-published PRISM report on febrile seizure; specifically the definition requires an ED or 
inpatient ICD-9 code for 780.31 or 780.32 in any position. Validation statistics to support this algorithm 
will be published in the final report for the activity by spring 2014. 

4. Guillain-Barre syndrome (GBS) 

Primary Observed or Derived Algorithm 
Inpatient, primary position 
>= 1 ICD-9 code: 357.0 
AND  
Outpatient, any position 
>= 1 ICD-9 code: 357.0 
EXCLUDE  
patients with the following in the 365 day baseline:  
Any claim type, any position  
>= 1 ICD-9 code: 357.0 or 357.81 

 
A literature review produced 9 publications regarding algorithms or codes to identify Guillain-Barre 
syndrome.23-31  
 
The challenge of identifying Guillain-Barre syndrome (GBS) in administrative data can be summarized by 
the following factors: a non-specific ICD-9 code, coding commonly referring to rule-out diagnoses or 
sometimes to history of GBS, and the miscoding of chronic inflammatory demyelinating polyneuropathy 
(CIDP) as GBS. The ICD-9 code commonly used when coding for GBS, 357.0 [acute infective polyneuritis], 
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has inconsistent test characteristics when used alone. For example, while a PRISM study published by 
Yih et al. reported that 357.0 used in all care settings had a very low PPV of 12%-16%,23 other studies 
examining the same code in all settings reported a PPV closer to 30%.24, 25 This variation may be 
attributable to distinct types of data being used in different systems (e.g., claims vs. electronic medical 
record). Studies examining the code 357.0 in inpatient settings reported PPVs for any-position inpatient 
diagnoses of 357.0 in the range of 30%-45%.26-28 When this definition is restricted to primary inpatient 
diagnosis codes only, PPVs increased to 68%-82%28, 29 However, the higher PPVs reported by studies 
restricting their GBS definition to primary inpatient diagnosis codes should be interpreted with caution 
as they used several different case definitions which may be overly inclusive (confirmed/definite vs. 
probable/possible). In addition to varying case definitions, some studies had exclusions based on prior 
diagnoses of GBS, while others required the diagnosis to appear in a specific time frame post-
vaccination (i.e., 126 days). A study by Burwen et al. further examined secondary position inpatient 
codes of 357.0, which validated poorly with a PPV of 20%,29 supporting the use of this code in the 
primary position only. 
 
The workgroup also identified GBS validation studies conducted in highly specific populations which may 
not generalize well to the MSDD population. For example, a study conducted in the active military 
population30 required both a primary inpatient and outpatient diagnosis of 357.0 during a post 
vaccination time frame. Reported PPVs, sensitivities and specificities were high, ranging from 78%-88%, 
92%-100%, and 78%-92% respectively. Another located study by Funch et al. used variables such as 
detailed provider specialty information for outpatient office visits, which is not currently available in the 
MSDD. A primary inpatient code of 357.0 in combination with an outpatient neurology visit with a 357.0 
diagnosis had a PPV of 70%. While these algorithms performed well in specific populations, the unique 
populations under study, as well as use of variables not included in the MSCDM, suggest they will not 
generalize well in the MSDD environment. 
 
After discussion of the available algorithms, the workgroup sought further input from a content expert, 
Dr. Katherine Yih. The workgroup described the literature outlined above and the possible GBS 
algorithm recommendations (requiring both an inpatient primary diagnosis of 357.0 and an outpatient 
diagnosis of 357.0; or requiring only a primary inpatient code). Dr. Yih agreed that these 
recommendations were reasonable, but suggested the workgroup consider expanding the GBS 
definition and provided an example definition proposed by PRISM for use during the 2012-2013 
influenza season. This definition required a primary inpatient code along with some additional baseline 
exclusions for prior diagnoses of GBS and CIDP. Dr. Yih also described lessons learned from an influenza 
vaccine safety study conducted as part of the VSD, and stressed the importance of considering the 
relationship between GBS and CIDP, given that GBS can later be diagnosed as CIDP. Ideally, to identify 
people with GBS only, a person would be followed for some time after the initial GBS diagnosis to 
ensure that the condition is not in fact CIDP. Since looking ahead a year is not possible in a near-real-
time surveillance activity, a baseline period of one year prior to GBS diagnosis should be examined for 
other GBS codes or an ICD-9 indicative of CIDP. A VSD study by Greene et al. chose to look back five 
years, rather than one year for prior GBS or CIDP diagnoses.31 If codes were present, the (more recent) 
case was excluded. In the end, the PRISM definition ultimately did not require a principal diagnosis code, 
because it was not clear whether that data field was consistently or correctly filled out by the Mini-
Sentinel/PRISM Data Partners. A chart review was not performed on the cases ascertained using the 
definition, so the proposed algorithm has not been validated by PRISM. 
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After synthesizing the evidence from the literature and expert opinion, for defining GBS the workgroup 
recommends the following as the primary recommendation: at least one principal inpatient ICD-9 code 
for 357.0 (if/when primary diagnosis is reliably available from Data Partners) followed by at least one 
outpatient ICD-9 code for 357.0 in any position, excluding persons with a diagnosis of GBS (357.0) or 
CIDP (357.81) in the 1-365 days prior to the hospitalization of interest, in any setting. As a secondary 
algorithm, the workgroup recommends one principal inpatient ICD-9 code for 357.0 for researchers who 
do not have access to outpatient records or who are looking for a simplified definition that does not 
involved excluding past diagnoses of GBS. 

5. Henoch-Schönlein purpura (HSP) 

Primary Observed or Derived Algorithm 
Inpatient, any position 
>= 1 ICD-9 code: 287.0  
in patients <18 years 

 
A literature review produced 2 publications regarding algorithms or codes to identify Henoch-Schönlein 
purpura.32, 33  
 
Few studies were found in the literature pertaining to coding of Henoch-Schönlein purpura (HSP) in 
administrative data. The workgroup reviewed a study by Weiss et al. that included a cohort of children 
discharged with HSP between 2000 and 2007.32 To be included in the study, the authors required a 
primary or secondary discharge diagnosis with ICD-9 code 287.0 [allergic purpura]. Authors did not 
present test characteristics with their algorithm. The workgroup also reviewed the PRISM Gap Report 
which designates HSP as only having 1-2 eligible studies and not fit for individual review.33  
 
For defining the outcome of HSP, the workgroup proposes a primary algorithm including at least one 
any-position inpatient discharge diagnosis of 287.0 in patients <18 years of age, as used by Weiss et al.,32 
with the caveat that this algorithm has not been validated.  

6. Hip fracture 

Primary Observed or Derived Algorithm 
Inpatient, primary position 
>= 1 ICD-9 code: 820.00, 820.01, 820.02, 820.03, 820.09, 820.20, 820.21, or 820.8 

 
A literature review produced 11 publications regarding algorithms or codes to identify hip fracture.34-44 
Published articles reviewed but not discussed in this report were ultimately excluded based relevance to 
the MSDD, coding source, country of origin, etc.40-44  
 
There is considerable evidence available to support the use of ICD-9 codes to identify hip fracture in the 
inpatient administrative data.34 Approximately 95% of hip fractures can be identified with inpatient 
data, and supplementing inpatient data with outpatient claims will allow for identification of an 
additional 5 %.35 As there were numerous hip fracture studies available in the literature, the workgroup 
focused its review on the application of available hip fracture identification algorithms in the MSDD.  
 
A 2013 systematic review by Hudson et al. examined the validity of diagnosis and procedure codes to 
identify hip fracture in administrative data.34 This review reports PPVs and sensitivities of inpatient 
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claims for hip fracture ranging from 63%-96% and 69%-97% respectively, which increase to 86%-98%, 
and 83%-97% with the addition of physician claims diagnoses and procedure codes. Most studies in the 
review uniformly define hip fracture as an inpatient, primary or secondary, diagnosis of ICD-9 code 820.x 
[fracture of neck of femur], with some algorithms including 821.x [fracture of other and unspecified parts 
of femur] and others requiring CPT codes to identify procedures. Studies varied on whether or not they 
specified fourth and fifth digit ICD-9 codes. 
 
Not included in the systematic review was a study by Narongroeknawin et al. which was published after 
the literature review was performed by Hudson et al. Narongroeknawin et al. performed a validation of 
ICD-9 codes from a large U.S. health system that are used to evaluate femoral fractures, in three groups: 
1) subtrochanteric (820.22 [fracture of subtrochanteric section of femur, closed]), 2) diaphyseal (821.00 
[fracture of unspecified part of femur, closed], 821.01 [fracture of shaft of femur, closed]), and 3) typical 
hip fractures (820.00 [fracture of unspecified intracapsular section of neck of femur, closed], 
820.01[fracture of epiphysis (separation) (upper) of neck of femur, closed], 820.02[fracture of midcervical 
section of femur, closed], 820.03[fracture of base of neck of femur, closed], 820.09[other transcervical 
fracture of femur, closed], 820.20[fracture of unspecified trochanteric section of femur, closed], 
820.21[fracture of intertrochanteric section of femur, closed], and 820.8 [fracture of unspecified part of 
neck of femur, closed]).36 Authors intentionally excluded hospitalizations where codes were present for 
open and distal end femoral fractures (820.1x [transcervical fracture, open], 820.3x [pertrochanteric 
fracture of femur, open], 820.9 [fracture of unspecified part of neck of femur, open], 821.1x [fracture of 
shaft or unspecified part of femur, open], 821.2x [fracture of lower end of femur, closed], and 821.3x 
[fracture of lower end of femur, open]), which are often attributable to major trauma. The authors also 
included a large table of algorithms with varying definitions; however, given that a provider specialty 
variable is not currently included in the MSCDM, algorithms that required a surgeon’s diagnosis of hip 
fracture were deemed irrelevant. For subtrochanteric, diaphyseal, and typical hip fractures algorithms 
that required one inpatient discharge diagnosis (any of the ICD-9 codes listed above) in any position, the 
PPVs reported were 69%, 89% and 85% respectively. When the definitions were restricted to include 
only primary listed inpatient discharge diagnoses, the PPVs for all three types of femoral fracture 
increased to 74%, 94% and 94%. Authors also reported algorithms that required a primary discharge 
diagnosis code and the same diagnosis code on an outpatient physician claim within ninety days of 
discharge, which resulted in a higher PPV for subtrochanteric fractures (86% vs. 74% for primary 
inpatient discharge diagnosis alone), but did not significantly change the PPV for diaphyseal (96% vs. 
94%) and typical hip fractures (95% vs. 94%). Given the programmatic efforts needed to linked inpatient 
and outpatient claims, the inclusion of this second algorithm will be left to the discretion of the 
researcher. Hospitalizations with discharge diagnoses containing ICD-9 E-codes for major trauma (E800-
E848, E881-E884, E908-E909, and E916-E928) were excluded in a sub-analysis, with PPVs not 
substantially different than those reported in the primary analyses. Administrative data was not 
successful in identifying atypical femoral fractures.  
 
In a fracture validation study by Ray et al., authors demonstrated a complicated algorithm including ICD-
9 diagnosis and procedure codes, CPT codes for fracture identification and confirmation, as well as CPT 
codes for imaging.35 This algorithm relied on the manual assignment of a fracture site, based on claims 
found in a seven day window from the index date (first fracture claim). Although the authors provided a 
detailed list of codes, their methods are difficult to reproduce. In the discussion, authors offered an 
alternate simplified definition where each inpatient and ED ICD-9 diagnosis was counted as a fracture. 
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The PPV reported for the simplified definition hip fracture (820.x) is 90%, which is comparable to the 
any-listed inpatient algorithm described by Narongroeknawin et al. (PPV of 85%). 
 
Also considered was a study by Jean et al. which reported a high PPV and sensitivity (93% and 95% 
respectively), for an algorithm to identify incident hip fracture in a Quebec physician claims database.37 
This algorithm was ultimately deemed not relevant to the MSDD due to the lack of provider specialty 
information. A study by Tamblyn et al. reported sensitivities of outpatient physician claims by diagnostic, 
procedure or diagnostic and procedure coding algorithms (83%, 94% and 97%).38 Authors noted that the 
sensitivities varied depending on whether the exact procedure date or date window was used. Reported 
sensitivities were much lower when an exact procedure date was examined. Virnig et al. examined 
inpatient diagnosis of ICD-9 code 820.x in women aged 55-69 years of age receiving Medicare.39  
 
For defining hip fracture, the workgroup’s primary recommendation is derived from the definition of 
typical hip fracture described by Narongroeknawin et al.: a primary inpatient ICD-9 code for typical hip 
fracture (820.00, 820.01, 820.02, 820.03, 820.09, 820.20, 820.21, or 820.8). This algorithm also performs 
well when the definition is expanded to include both primary and secondary (any position) inpatient 
diagnosis codes; therefore, the workgroup’s secondary algorithm includes: at least one any-position 
inpatient ICD-9 code for typical hip fracture (820.00, 820.01, 820.02, 820.03, 820.09, 820.20, 820.21, or 
820.8), for use when information distinguishing primary diagnosis is not available.  

7. Idiopathic thrombocytopenia purpura (ITP) 

Primary Observed or Derived Algorithm 
Any claim type, any position  
>= 1 ICD-9 code: 287.31 

 
A literature review produced 6 publications regarding algorithms or codes to identify idiopathic 
thrombocytopenia purpura.45-50  
 
Up until 2006, ICD-9 coding for idiopathic thrombocytopenia purpura (ITP) was limited to a general, 
four-digit code for thrombocytopenia (ICD-9 287.3 [primary thrombocytopenia]). Most of the published 
validation studies for ITP evaluated this ICD-9 code in data derived from different patient care 
settings.45-48 These settings included a combination of adult and/or pediatric patients and inpatient 
and/or outpatient records and studies reported PPVs ranging from 65%-83%, with use of both pediatric 
and inpatient claims achieving the highest performance. The expansion of 287.3 in 2006 included the 
addition of a fifth digit to designate specific conditions. As a result of this update, 287.31 [immune 
thrombocytopenic purpura] -- a five-digit code specific for immune thrombocytopenic purpura, now 
exists. A study by Chiao et al. used 287.31 to define a population of ITP patients but did not validate 
their algorithm.49  
 
The literature review identified one study validating this five-digit code, yet it did not use U.S. or 
Canadian data.50 Galdarossa et al. examined ICD-9 287.31 in the inpatient setting and reported a high 
PPV, NPV, sensitivity and specificity of 80%, 88%, 80%, and 88% respectively.50 This is the only published 
study validating the new ITP-specific code. After much discussion, the workgroup decided to expand 
Galdarossa’s definition to the outpatient setting as part of a proposed composite algorithm, given the 
287.3 code had validated similarly to the inpatient codes, prior to the fifth digit expansion.  
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In additional to the published literature, an algorithm developed by FDA and HealthCore to identify ITP 
was provided to the workgroup through a personal communication. At the time of this communication, 
this algorithm had not yet been applied or validated, but will be used to by FDA to examine the 
association between seasonal flu vaccine and ITP.  
 
Based on extensive workgroup discussion, for defining the outcome of ITP, the primary proposed 
algorithm is as follows: an inpatient or outpatient ICD-9 code 287.31, in any position. The workgroup 
also proposes two secondary algorithms: 1) ICD-9 287.30 [primary thrombocytopenia, unspecified], 
287.31, 287.32 [Evans' syndrome], or 287.39 [other primary thrombocytopenia] in any position on an 
inpatient or outpatient claim, to be used when looking to describe a broader HOI; 2) ICD-9 code 287.31 
and one of the following complete blood count (CBC) or blood smear CPT codes on the same day or one 
day prior: 85025 [blood count; complete (CBC), automated and automated differential WBC count], 
85027 [blood count; complete (CBC)], 85032 [blood count; manual cell count], 85049 [blood count; 
platelet, automated], 85060 [blood smear, peripheral, interpretation by physician with written report], or 
85097 [bone marrow, smear interpretation]—a non-validated algorithm provided as the result of a 
HealthCore-FDA collaboration, to be used when laboratory data is available. In general, the workgroup 
did not typically consider performance metrics reported for algorithms developed in non-U.S./Canadian 
databases. Given that the paper by Galdarossa et al. is the only validation study of the new codes, the 
workgroup considered the algorithm in developing the proposed composite algorithm; however one 
should use this algorithm with caution, as performance metrics reported in non-US databases may not 
reliably predict performance in the MSDD. 

8. Peripheral neuropathy (PN) 

Proposed Composite Algorithm  
Definition #1: 
Any claim type, any position 
>= 1 ICD-9 code (broad): 250.6, 250.60, 250.61, 250.62, 250.63, 337.0, 337.00, 337.01, 337.09, 337.1, 337.9, 
349.9, 356.4, 356.8, 356.9, 357, 357.0, 357.1, 357.2, 357.3, 357.4, 357.5, 357.6, 357.7, 357.8, 357.81, 
357.82, 357.89, 357.9, or 729.2 
AND  
>= PN 1 drug  
 
Definition #2: 
Any claim type, any position 
>= 1 ICD-9 code (broad): 250.6, 250.60, 250.61, 250.62, 250.63, 337.0, 337.00, 337.01, 337.09, 337.1, 337.9, 
349.9, 356.4, 356.8, 356.9, 357, 357.0, 357.1, 357.2, 357.3, 357.4, 357.5, 357.6, 357.7, 357.8, 357.81, 
357.82, 357.89, 357.9, or 729.2 
without mention of a PN drug 
 
Definition #3: 
Any claim type, any position 
>= 1 ICD-9 code (narrow): 356.4, 356.8, 356.9, 357, 357.0, 357.1, 357.6, 357.7, 357.8, 357.81, 357.89, 357.9, 
or 729.2 
AND 
>= 1 PN drug 
 
Definition #4:  
Any claim type, any position 
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>= 1 ICD-9 code (narrow): 356.4, 356.8, 356.9, 357, 357.0, 357.1, 357.6, 357.7, 357.8, 357.81, 357.89, 357.9, 
or 729.2 
without mention of a PN drug 

 
A literature review produced 2 publications regarding algorithms or codes to identify peripheral 
neuropathy.51, 52  
 
Since peripheral neuropathy (PN) can be defined in many ways, there is no one study that perfectly 
describes this outcome and no study in which all possible codes have been validated. The clinical 
complexity PN of is important to note, and very relevant when attempting to define this condition in 
administrative data. PN can be clinically defined as either be inherited or acquired, uni- or bi-lateral and 
focused or extensive. Drug-induced PN would likely present as symmetrical and distal in its features.53 
Hartfield et al. examined both a long-detailed list of ICD-9 diagnosis codes and pharmacy data to 
validate codes that describe painful diabetic neuropathy.51 Their neuropathy identification algorithm 
also required exclusions of nondiabetic etiologies. In an effort to identify a full list of specific 
neuropathic disorder codes, the workgroup reviewed a paper by Berger et al. which does not validate 
ICD-9 codes, but provides a comprehensive list of painful neuropathic disorders.52  
 
Because of the lack of validation studies on PN, the workgroup developed four different approaches to 
identifying PN, which used a combination of diagnosis codes and drugs prescribed to treat the 
symptoms of PN. The broad categories were developed to include codes for widespread manifestation 
of PN symptoms, regardless of the suggested source or cause. The narrow list excluded codes that 
pertain to diabetic PN, autonomic disease and any codes that are suggestive of a specific source not 
considered to be used for drug-induced PN. Any ICD-9 codes that had a definition which indicated a 
mononeuropathy or a specific site were removed. ICD-9 codes for cancer and HIV related neuropathies 
were reviewed and excluded. A list of prescriptions drugs used to treat PN was developed by combining 
treatment recommendations54 and workgroup expertise.  
 

The workgroup proposes the following four definitions of PN (in no particular order), intended to be 
used at the discretion of the researcher (i.e., each individual study will need to determine which file 
types and coding positions to include): 1) broad diagnosis code for PN (see Table 3) + PN treatment drug 
(see Table 4), 2) broad diagnosis code for PN without a PN treatment drug, 3) narrow diagnosis code for 
PN (see Table 5) + PN treatment drug, or 4) narrow diagnosis code for PN without a PN treatment drug. 
Where broad is defined as codes inclusive of all PN codes and narrow describes a list of codes that 
excludes certain conditions, including diabetic PN. Researchers who chose to use an algorithm requiring 
the presence of a PN drug will need to develop their own code set of relevant National Drug Codes. 
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Table 3. BROAD list of ICD-9 codes to define PN (wide-spread disseminated, regardless of suggested 
source/cause) 

ICD-9 Code Definition 
250.6 diabetes with neurological manifestations 

250.60 diabetes mellitus with neurological manifestations, type two or unspecified type, not stated as 
uncontrolled 

250.61 diabetes mellitus with neurological manifestations, type one [juvenile type] not stated as 
uncontrolled 

250.62 diabetes mellitus with neurological manifestations, type two or unspecified type, uncontrolled 
250.63 diabetes mellitus with neurological manifestations, type one [juvenile type] uncontrolled 
337.0 idiopathic peripheral autonomic neuropathy 
337.00 idiopathic peripheral autonomic neuropathy, unspecified 
337.01 carotid sinus syndrome 
337.09 other idiopathic peripheral autonomic neuropathy 
337.1 peripheral autonomic neuropathy in disorders classified elsewhere 
337.9 unspecified disorder of autonomic nervous system 
349.9 unspecified disorders of nervous system 
356.4 idiopathic progressive polyneuropathy 
356.8 other specified idiopathic peripheral neuropathy 
356.9 unspecified idiopathic peripheral neuropathy 
357 inflammatory and toxic neuropathy 
357.0 acute infective polyneuritis 
357.1 polyneuropathy in collagen vascular disease 
357.2 polyneuropathy in diabetes 
357.3 polyneuropathy in malignant disease 
357.4 polyneuropathy in other diseases classified elsewhere 
357.5 alcoholic polyneuropathy 
357.6 polyneuropathy due to drugs 
357.7 polyneuropathy due to other toxic agents 
357.8 other inflammatory and toxic neuropathies 
357.81 chronic inflammatory demyelinating polyneuritis  
357.82 critical illness polyneuropathy acute motor neuropathy 
357.89 other inflammatory and toxic neuropathy  
357.9 unspecified inflammatory and toxic neuropathies 
729.2 neuralgia, neuritis, and radiculitis, unspecified 
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Table 4. Drugs used to treat symptoms and prevent complications of PN. 

Drug Class Active Ingredient Neuropathy Related 55Indication  
Anticonvulsants 
 
 
 
 
 

gabapentin 
pregabalin 
valproate 
carbamazepine 
phenytoin 
topiramate 

Postherpetic neuralgia, off-label diabetic neuropathy 
Off-label neuralgia/neuropathy/chronic pain 
Off-label postherpetic neuralgia 
Trigeminal neuralgia 
No neuropathy related diagnoses listed 
Off-label, neuralgias/neuropathy/pain 

Antidepressant drugs 
Tricyclic Antidepressants 

 

 
amitriptyline 
desipramine 

 
Off-label 
Off-label 

neuropathic pain 
diabetic neuropathy 

 
Serotonin and Norepinephrine 

Reuptake Inhibitors 

nortriptyline 
duloxetine 
venlafaxine 

Off-label postherpetic neuralgia 
Diabetic peripheral neuropathic pain 
Off-label diabetic neuropathy 

Skeletal Muscle Relaxants baclofen Other possible off-label use neuropathic pain 
Antiarrhythmic Agents mexiletine Off-label diabetic neuropathy, neuropathy 

(nondiabetic) 

 

Table 5. NARROW list of ICD-9 codes to define PN (excluding diabetic PN, autonomic disease and any 
codes that are suggestive of a specific source not considered to be used for drug-induced PN) 

ICD-9 Code Definition 
356.4 idiopathic progressive polyneuropathy 
356.8 other specified idiopathic peripheral neuropathy 
356.9 unspecified idiopathic peripheral neuropathy 
357 inflammatory and toxic neuropathy 
357.0 acute infective polyneuritis 
357.1 polyneuropathy in collagen vascular disease 
357.6 polyneuropathy due to drugs 
357.7 polyneuropathy due to other toxic agents 
357.8 other inflammatory and toxic neuropathies 
357.81 chronic inflammatory demyelinating polyneuritis  
357.89 other inflammatory and toxic neuropathy  
357.9 unspecified inflammatory and toxic neuropathies 
729.2 neuralgia, neuritis, and radiculitis, unspecified 

9. Pulmonary hypertension (PH) 

Primary Observed or Derived Algorithm 
Any claim type, any position  
>= 1 ICD-9 code: 416.0, 416.8, or 416.9 

 
A literature review produced 9 publications regarding algorithms or codes to identify pulmonary 
hypertension.56-64  
 
While the workgroup’s literature review was unable to locate any studies which validated ICD-9 codes 
for pulmonary hypertension (PH), it located many studies which proposed ICD-based PH identification 
algorithms. Studies varied whether they used the 416.0 [primary pulmonary hypertension], 416.8, 

Mini-Sentinel Methods - 15 - 16 HOIs for Surveillance Preparedness  



 
  
 
 
 
and/or 416.9 [Chronic pulmonary heart disease, unspecified] codes to define patients with PH,56-61 with a 
study by Lowe et al. using all three four-digit codes.62 In one instance, the ICD-9 code 416.8 [other 
chronic pulmonary heart diseases] was used as part of a larger algorithm to define patients at low risk 
for a pulmonary embolism, but the codes were not individually validated, so authors did not report test 
characteristics relevant to this HOI.63 Additionally, the Centers for Disease Control and Prevention (CDC) 
published a surveillance report which used all three four-digit codes to assess trends over time in deaths 
and hospitalizations attributable to PH.64 
After discussion with the workgroup, members from the University of Pennsylvania consulted with 
internal experts to learn to how these codes are used in practice for patients with suspected drug-
induced PH. Experts agreed, that in the absence of evidence, all three four-digit ICD-9 codes should be 
included in the algorithm.  
 
For the defining the outcome of PH, the workgroup proposes an inpatient or outpatient diagnosis of 
ICD-9 code 416.0, 416.8, 416.9 in any position, with the caveat that these codes have not been 
validated. 

10. Rhabdomyolysis 

Primary Observed or Derived Algorithm 
Any claim type, any position  
>= 1 ICD-9 code: 728.88 

 
A literature review produced 4 publications regarding algorithms or codes to identify rhabdomyolysis.65-

68  
 
Rhabdomyolysis had a general, non-specific four-digit ICD-9 code which was updated to a more specific 
a five-digit ICD-9 code (728.88 [rhabdomyolysis]) in October 2003. A HealthCore study by Cziraky et al. 
used this new code to identify rhabdomyolysis, but authors did not validate their algorithm. In the paper 
the authors cited a paper by Andrade et al. (described below) which published PPVs for the outdated 
ICD-9 codes.65 Another study by Setoguchi et al. used Andrade's algorithm for rhabdomyolysis up until 
October 2003, and after, defined rhabdomyolysis as a hospitalization with a primary or secondary 
diagnosis of ICD-9 728.88. Authors used Medicare data (with some Medicaid for dual-eligibles) from 
1999-2005. The authors did not validate their algorithm.66 
 
Floyd et al. performed a validation of the new code (728.88) for rhabdomyolysis in a cohort of statin 
users, but very poor performance of this code was observed.67 PPVs reported for this study were 7.5%, 
7.2% and 9.5% for all settings, inpatient, and outpatient claims respectively. Reported sensitivity was 
76%. The authors concluded that the use of the new administrative diagnosis code for rhabdomyolysis 
(728.88) was highly nonspecific for statin-related rhabdomyolysis. It is also important to note that the 
validation studies by Andrade et al. and Floyd et al. were conducted in patients exposed to at least one 
statin.  
 
Given the low PPVs found in the one validation study relevant to the new 728.88 code, the workgroup 
revisited validation work performed on the older, more general codes used to describe rhabdomyolysis. 
In the only study published that presented PPVs, Andrade et al. examined cohorts of new statin or 
fibrate users in U.S. managed care organizations for the purposes of screening.68 As such, criteria listed 
were not fully fleshed-out algorithms. The authors of this study offer five proposed criteria to identify 
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serious cases of myopathy and rhabdomyolysis, including hospital discharge diagnoses for muscle 
disorders and laboratory value claims within a week of the hospitalization. Individual components 
included in each of the five criteria were validated. Three individual ICD-9 codes (791.3 [myoglobinuria], 
728.89 [other disorders of muscle, ligament, and fascia], 729.1 [myalgia and myositis, unspecified]) 
included had high PPVs (100%, 80%, 100%); however, authors reported very few cases available for 
review (n=1, n=4, n=1 respectively). Although these PPVs seem promising, when the workgroup 
examined the proposed criteria overall, PPVs were not reported. Thus, the workgroup calculated a PPV 
for the criterion deemed most applicable to the MSDD, which resulted in a PPV of 32% (based on 
individual PPVs provided by the authors). Ultimately, Andrade et al. concluded that, while their 
algorithm may be useful for signal detection, generalizability may be limited by the included study 
population (i.e., all study participants were users of lipid-lowering drugs).  
 
In light of the evidence reviewed for defining the outcome of rhabdomyolysis, the workgroup proposes 
the following observed algorithm: an inpatient or outpatient diagnosis of ICD-9 code 728.88 in any 
position, with the caveat that this code is not well studied and validated poorly in the single validation 
study. The workgroup is anticipating a potential for a shift in how rhabdomyolysis is coded, due to the 
addition of the five-digit code specific to the condition and holds the expectation that the new, more-
specific code will better define rhabdomyolysis in the ICD-9 coding structure. Additionally, the 
workgroup would recommend the use of laboratory data when specific test result variables become 
available in the MSCDM. 

11. Severe acute liver injury (SALI) 

Primary Observed or Derived Algorithm 
Inpatient, any position 
>= 2 ICD-9 codes: 573.3, 573.8, 570, 572.2, 572.4, 572.8, or V42.7  
OR 
Inpatient, any position 
>= 1 ICD-9 code: 573.3, 573.8, 570, 572.2, 572.4, 572.8, or V42.7  
AND 
>= 1 ICD-9 procedure code: 50.1x, 50.9x OR 
>= 1 CPT code: 47000, 47001, or 47100 

 
A literature review produced 3 publications regarding algorithms or codes to identify severe acute liver 
injury.69-71  
 
In 2011, the Observational Medical Outcomes Partnership (OMOP) published a presentation focusing on 
algorithms to identify acute liver injury (ALI).69 OMOP concluded that their systematic review for ALI did 
not identify any algorithms with a high PPV. Based on codes identified in ALI validation studies, OMOP 
developed a series of composite ALI definitions. As a result of this work, a validation study was 
conducted to examine four possible ALI definitions, three of which were found to have PPVs <10%. The 
remaining definition, based solely on laboratory data, had a PPV = 51%.70 
 
In addition to OMOP efforts, a Mini-Sentinel workgroup was assembled to examine ICD-9 diagnosis 
codes for identifying severe acute liver injury (SALI) in automated healthcare claims data. In 2013, this 
workgroup published a study examining the validity of diagnosis codes to identify severe acute liver 
injury (SALI) in the MSDD.71 ICD-9 codes for hospitalized SALI generally yielded low PPVs (6.5%-54.3%) in 
the MSDD. Mini-Sentinel investigator and lead author of the SALI validation work above joined in the 
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workgroup discussion on validating this HOI; Dr. Lo Re explained that select combinations of codes 
indicative of SALI had high PPVs (60.0%-100.0%) for confirmed outcomes, although researchers must 
acknowledge that these algorithms will miss events. Additionally, the Mini-Sentinel workgroup on SALI 
decided there may be a difference in the accuracy of codes based on the prior medical history involving 
chronic liver/biliary disease. Therefore, the validation project was split into two cohorts with and 
without previously diagnosed chronic liver disease. The coding for each of these cohorts is included in 
the master algorithm database. 
 
After discussing the multiple SALI code combinations presented in the validation paper, the workgroup 
proposes the following algorithm: any 2 inpatient SALI ICD-9 codes (573.3 [hepatitis, unspecified. toxic 
hepatitis], 573.8 [other specified disorders of liver], 570 [acute and subacute necrosis of liver], 572.2 
[hepatic encephalopathy], 572.4 [hepatorenal syndrome], 572.8 [other sequelae of chronic liver disease], 
or V42.7 [liver replaced by transplant] in any position (PPV = 63.2%) or an inpatient SALI code (573.3, 
573.8, 570, 572.2, 572.4, 572.8, or V42.7 with a procedure code indicative of a liver biopsy (ICD-9 
procedure codes: 50.1x [diagnostic procedures on liver], or 50.9x [other operations on liver]; or CPT 
codes: 47000 [biopsy of liver, needle; percutaneous], 47001 [biopsy of liver, needle; when done for 
indicated purpose at time of other major procedure], 47100 [biopsy of liver, wedge]) (PPV = 75%-100%), 
for defining the outcome of SALI. In addition to these coding requirements, any patient with an inpatient 
or outpatient ICD-9 diagnosis code of a liver/biliary disease within the 12 months prior to the SALI 
diagnosis should be excluded. This is in part a balance of the highest PPVs and an effort to reduce the 
programming burden. Future efforts should include the incorporation of laboratory values. See the Mini-
Sentinel publication71 for more discussion on strengths and limitations, as well as recommended 
laboratory values to be used should they become available in the MSDD. 

12. Sudden cardiac death (SCD) and ventricular arrhythmia (VA) 

Primary Observed or Derived Algorithm 
ED or Inpatient, primary/first-listed position 
>= 1 ICD-9 code: 427.5, 798, 798.1, 798.2, 427.1, 427.4, 427.41, or 427.42 
EXCLUDE  
patients with a prior SCD/VA diagnosis:  
Any claim type, any position  
>= 1 ICD-9 code: 427.5, 798, 798.1, 798.2, 427.1, 427.4, 427.41, or 427.42 

 
A literature review produced 13 publications regarding algorithms or codes to identify sudden cardiac 
death.72-84  
 
Sudden cardiac death (SCD) is difficult to define in administrative data due to many factors attributable 
to the nature of the condition (i.e., rapid onset, prior symptoms often absent, person often dies in an 
outpatient setting). Given these difficulties, many researchers have examined the validity of death 
certificates for classification of SCD.72-74 However, with the exception of one report by Chung et al.,72 
most of studies examining validity of death certificates for classification of SCD reported low PPVs ( PPV 
= 19-32%).75 
 
Chung et al. performed a validation study with death record data for Tennessee Medicaid enrollees, 
examining SCD occurring between 1990 and 1993.72 The study was limited to patients aged 15–84 years, 
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who were not in a long-term facility and did not have a life-threatening illness. Authors linked their 
Medicaid database with death certificate files and a state hospital discharge database. 
Hennessy et al. developed a composite algorithm to exam outpatient-originating SCD/ventricular 
arrhythmia (VA),75 using data from 1999-2002 for 5 large state Medicaid programs. Authors chose to 
include VA in their definition, as SCD is often attributable to VA, and this SCD/VA event did not 
necessarily have to result in death.76 A validation study specifically examining VA found a sensitivity and 
specificity of 77% and 94% respectively for certain VA ICD-9 codes, giving the inclusion of these codes in 
the Hennessy algorithm some validity.76 Hennessy et al. presented PPVs for the overall algorithm, and 
for the individual component codes. The PPV reported for the overall composite SCD/VA algorithm was 
85%. Authors included inpatient and ED claims, as many cases of SCD or VA are treated in the ED and 
may not result in a hospital admission (e.g., if the patient dies before admission). In addition, 
documentation of an outpatient witnessed sudden collapse, or a person found dead or unconscious in 
the field with evidence that the individual had been alive in the prior 24 hours, met the validation 
criterion. VA diagnoses predominated in hospitalization claims, while SCD diagnoses predominated 
within ED claims.  
 
Both Hennessy and Chung focused their validation on outpatient-originating SCD (/VA). Hennessy et al. 
accomplished this by restricting ICD-9 codes to a primary position, as inclusion of secondary codes often 
identified persons with inpatient episodes of non-sustained ventricular tachycardia.77 Chung et al. did so 
by excluding cases in which the patient died in a hospital or nursing home or was successfully 
resuscitated. There are three main differences between the validation studies presented above. The 
study by Chung et al. used death record cause of death, which may not be available to all researchers, 
and is not currently included in the MSCDM. In contrast, Hennessy et al. used an ICD-9 based SCD 
algorithm in inpatient and ED claims data. Additionally, Hennessy et al. used a broader population (only 
making exclusions based on prior SCD diagnoses) and encounter type (allowing ED visits). The Chung 
study used a restricted population which excluded: patients with serious non-cardiac illness, nursing 
home residents, and those older than age 75; thus their algorithm may not be applicable to individuals 
in the excluded groups. Lastly, Chung et al. used a more restrictive case definition ‘a sudden pulseless 
condition (arrest) that was immediately fatal, where Hennessy et al. allowed for patients to survive their 
SCD event. Since the Hennessy paper did not exclude events in patients with serious non-cardiac illness, 
a commentary reviewing these two papers suggested the PPV in ED records may be inflated by those 
with terminal illness arriving at the ED in cardiac arrest.78 Authors from the Hennessy paper conducted a 
post hoc sensitivity analysis which excluded seriously ill patients, and PPVs were similar to their original 
study results.79 
 
The validity of the algorithm developed by Chung et al. was duplicated in a study by the same research 
group (Kawai et al.), which reported a PPV of 88%.80 Of the 140 sampled deaths, 81 were adjudicated; 73 
(90%) were sudden cardiac deaths. After removing two deaths possibly attributable to opioid overdose, 
the PPV was 88%.  
 
It is important to note that validation results from the study by Hennessy et al. were unable to be 
duplicated when the algorithm was applied to a pediatric population, in a study done by the same 
research group. Schelleman et al. reported a PPV of 41% for the above listed algorithm by Hennessy et 
al., in subjects aged 3 to 17 years,81 presumably because of the low frequency of this event in children. 
Given this, the algorithm’s validity may be limited to an adult population. 
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The workgroup considered other papers by Ray et al. and Staffa et al., which did not report specific 
codes for their algorithms and had variable performance, reporting PPVs of 47% and 73% 
respectively.82,83 Mini-Sentinel performed a HOI review on cardiac arrhythmias which concluded 
algorithms that included VA and SCD codes performed better than VA codes alone.84  
 
For defining the outcome of SCD, the workgroup proposes the SCD and VA composite algorithm by 
Hennessy et al., which requires a primary inpatient or first-listed ED ICD-9 code of 427.5 [cardiac arrest], 
798 [Sudden death, cause unknown], 798.1 [instantaneous death], 798.2 [Death occurring in less than 24 
hours from onset of symptoms, not otherwise explained], 427.1 [paroxysmal ventricular tachycardia], 
427.4 [ventricular fibrillation and flutter], 427.41 [ventricular fibrillation], or 427.42 [ventricular flutter], 
in patients >17 years old. Given the limited access to cause of death information at this time, the 
workgroup does not propose a secondary algorithm.  

13. Suicide, including attempted suicide 

Primary Observed or Derived Algorithm 
Inpatient or outpatient, any position 
>= 1 ICD-9 E-code: E950, E951, E952, E953, E954, E955, E956, E957, E958 
90 days before or 180 days after initial antidepressant prescription or 
psychotherapy visit related to a depression code 

 
A literature review produced 8 publications regarding algorithms or codes to identify suicide, including 
attempted suicide.85-92 
 
In 2012, Mini-Sentinel investigators published a review paper of the suicide literature.85 The results of 
the review revealed that E-codesa for intentional self-injury are most often used in the suicide literature 
and authors report a widely variant PPV range, 4%-100%.  
 
Validation manuscripts related to suicide can generally be split into one of two subject categories, 1) 
completed or 2) attempted suicide. The literature review resulted in two studies that attempted to 
validate completed suicide in U.S. databases. Both available studies were validated using death registry 
information. The first, a study by Shevchenko et al., examined discharges from thirty-five Connecticut 
acute care hospitals.86 The authors included all hospital stays that ended in death with a discharge 
diagnosis of E950 [suicide and self-inflicted poisoning by solid or liquid substances], E951 [suicide and 
self-inflicted poisoning by gases in domestic use], E952 [suicide and self-inflicted poisoning by other 
gases and vapors], E953 [suicide and self-inflicted injury by hanging, strangulation, and suffocation], 
E954 [suicide and self-inflicted injury by submersion (drowning)], E955 [suicide and self-inflicted injury by 
firearms, air guns, and explosives], E956 [suicide and self-inflicted injury by cutting and piercing 
instrument], E957 [suicide and self-inflicted injuries by jumping from high place], E958 [suicide and self-
inflicted injury by other and unspecified means], E959 [late effects of self-inflicted injury] from uniform 
hospital discharge data sets. The PPV and sensitivity reported were moderate, 60% and 65% 
respectively. Charts were validated by linking a hospital discharge database with the Connecticut death 
registry. A second validation study conducted in the South Carolina Violent Death Reporting System, 

a As part of the ICD-9 coding hierarchy, E-codes provide information on supplementary classification of 
external causes of injury and poisoning. 
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looked for either ED or inpatient visits dated on the day of the confirmed suicide. This study, by Weis et 
al. used suicide-related claims (E950-E959) from statewide hospital and ED billing records during one 
year to identify suicide captured in a claims database. The authors reported a sensitivity of 13.8% for 
confirmed suicides that have a hospitalization or ED visit within one day of death. When authors 
included suicide-related events for the year prior to death, the sensitivity only marginally improved 
(14.3%).87 The workgroup determined that death information and access to death certificates are 
needed to assess each death reported as a completed suicide. This is beyond the current capability of 
Mini-Sentinel. 
 
Inpatient discharge E-codes for self-harm (E950-E959) excluding E-codes for assault or undetermined 
intention were well validated (PPVs ranged 70%-100%). If codes for undetermined intent (E980-E987) 
were added to the algorithm, it becomes more difficult to differentiate between self-harm and suicidal 
intent. Simon et al. studied a cohort of health maintenance organization outpatients starting an 
antidepressant for treatment of their depression.88 PPVs reported in this study are high, ranging from 
70%-100% depending on which codes are included. The PPV for medical record-verified intentional self-
harm and suicidal intent among patients with intentional self-harm codes (E950-E958) were both 100%. 
PPVs for intentional self-harm and suicidal intent dropped to 80% and 70% respectively when codes for 
undetermined intent were added to the algorithm (E980 [poisoning by solid or liquid substances, 
undetermined whether accidentally or purposely inflicted], E981 [poisoning by gases in domestic use, 
undetermined whether accidentally or purposely inflicted], E982 [poisoning by other gases, 
undetermined whether accidentally or purposely inflicted], E983 [hanging, strangulation, or suffocation, 
undetermined whether accidentally or purposely inflicted], E984 [submersion (drowning), undetermined 
whether accidentally or purposely inflicted], E985 [injury by firearms, air guns, and explosives, 
undetermined whether accidentally or purposefully inflicted], E986 [injury by cutting and piercing 
instruments, undetermined whether accidentally or purposely inflicted], E987[falling from high place, 
undetermined whether accidentally or purposely inflicted]). In a validation study examining a slightly 
different set of suicide codes, Iribarren et al. used Kaiser Permanente data from Northern California 
(1979-1993) to identify first hospitalizations for ICD-9 codes E950-E959.89 This algorithm included a code 
used for late effects of self-inflicted injury (E959). The PPV, sensitivity and specificity reported for this 
algorithm were 86%, 95% and 87% respectively. The primary measure in this study was the percentage 
of E-code discharge diagnoses with suicide attempt confirmed by medical chart review. In an attempt to 
identify missed cases, authors extended their algorithm to include selected injuries and a depression 
diagnosis, but not an E-code. The PPV for this alternative algorithm was low, 26%, and dropped to 4% 
when the requirement of a depression diagnosis was removed. Two additional studies examining similar 
E-codes reported some interesting information on intention category and self-poisoning, but did not 
validate the codes included in their studies. A study by Blanc et al. showed that only 32.1% of E-codes 
and medical record review are in agreement when examined by intention category (unintentional, 
suicide/intentional, assault by poisoning, or undetermined intent).90 Rhodes et al. reported 36.5% of 
discharges indicating self-poisoning were coded as intentional in the medical record, but 59.5% of self-
poisoning classified as intentional based on expert review.91 This suggested that codes used for 
unintentional (E800-E869, E880-E929) or undetermined (E980–E989) intent may be used in place of the 
intentional self-harm E-codes. 
 
For defining the outcome of attempted suicide, the workgroup proposes an algorithm presented by 
Simon et al. which requires, in any position, an inpatient or outpatient ICD-9 E-code for intentional self-
harm (E950–E958) in 90 days before or 180 days after initial antidepressant prescription or 
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psychotherapy visit related to a depression code. The workgroup recognizes the lack of validation 
studies performed in a broader population, thus have no evidence as to how this algorithm will perform 
outside of those with depression or who are on an antidepressant. Despite the age of the study, the 
workgroup proposes the following secondary algorithm for researchers who want to define a broader 
HOI, based on work by Iribarren et al.: an inpatient hospital discharge E-code for deliberate self-harm 
(E950–E959) in the primary or secondary position. 
 
One final note of caution, E-codes may be inconsistently coded and coding may depend on local 
practices and regulations. Therefore it is recommended that E-code use be evaluated across Data 
Partners, and potentially evaluated within Data Partners stratified by geographic location. Such 
stratification will assist in the understanding of the completeness of E-code data in the MSCDM prior to 
using this algorithm.92 

14. Thrombocytopenia 

Primary Observed or Derived Algorithm 
Inpatient, any position 
>= 1 ICD-9 code: 287.1, 287.30, 287.31, 287.32, 287.33, 287.39, 287.4, 287.5, or 289.84 

 
A literature review produced 9 articles regarding algorithms or codes to identify thrombocytopenia.45-47, 

50, 93-97 
 
The literature review resulted in the identification of studies using non-US/Canadian databases, which 
may not be generalizable to the MSDD. There was little information on codes other than 287.3 
(including secondary or unspecified thrombocytopenia (287.4 [secondary thrombocytopenia], 287.5 
[thrombocytopenia, unspecified]) which would likely be of more interest for this outcome. Heparin 
induced thrombocytopenia (HIT) had its own code (289.84 [heparin-induced thrombocytopenia (HIT)]), 
which was implemented in late 2008. It is possible that diagnostic changes occurred since this new code 
has been implemented, but the HIT specific code was not validated at the time of this review. Prior to 
2008, some investigators used an E-code for anticoagulant related adverse event in combination with 
287.4 to determine whether heparin was the cause of the event.  
 
A study by Poordad et al. reviewed the ICD-9 diagnoses (287.3-287.5) for 2,500 patients using laboratory 
data as the gold standard.93 These were Hepatitis C virus patients with diagnosed thrombocytopenia and 
all patients included had complete laboratory results available. The authors reported 65% concordance 
between diagnoses and platelet count <100,000/µL. Another study by Poordad et al. performed a chart 
validation in patients with chronic liver disease, from a large integrated U.S. commercial health plan.94 
ICD-9 codes examined were 287.3, 287.4, 287.5, using blood platelet count as the gold standard. PPV 
and sensitivity were low (31%, 40%) while NPV and specificity were high (99%, 98%). Galdarossa et al. 
(discussed in section on ITP (#7)) reported a PPV of 83%, but did not provide a definition for 
thrombocytopenia in their validation study.50  
 
A few other studies were identified but deemed not relevant to this particular review.45-47, 95, 96 One 
study conducted in the Netherlands by ten Berg et al. examined inpatient codes for 287.3,287.4,287.5 
(authors did not specify primary or secondary diagnosis).97 PPV, NPV, sensitivity, and specificity for this 
algorithm were reported as 86%, 99%, 12% and 99% respectively. This study also used “at least one 
platelet count <100,000/µL” as the gold standard. 
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For defining the outcome of thrombocytopenia, the workgroup principally proposes the following 
composite algorithm based on published literature and expert advice: at least one inpatient, any 
position, diagnosis of the following ICD-9 codes: 287.1 [qualitative platelet defects], 287.30, 287.31, 
287.32, 287.33 [congenital and hereditary thrombocytopenic purpura], 287.39, 287.4, 287.5, 289.84. The 
workgroup decided to add a code specific for HIT (289.84) to Galdarossa's algorithm. This code has not 
yet been validated but holds great potential to identify HIT specifically in the absence of laboratory 
values. The workgroup does not prefer to recommend studies using non-US data based on concerns 
with generalizability; however, the paper by Galdarossa et al. is the only published validation study 
evaluating the new codes for thrombocytopenia. Therefore, as a secondary algorithm, the workgroup 
proposes the algorithm from Galdarossa et al.: at least one inpatient diagnosis of the following ICD-9 
codes, in any position: 287.1, 287.30, 287.31, 287.32, 287.33, 287.39, 287.4, 287.5. This secondary 
algorithm may be preferred if HIT is not of interest. 

15. Type I diabetes 

Primary Observed or Derived Algorithm 
Inpatient or outpatient, any position 
>= 1 ICD-9 code: 250.01, 250.03, 250.11, 250.13, 250.21, 250.23, 250.31, 250.33, 250.41, 250.43, 250.51, 
250.53, 250.61, 250.63, 250.71, 250.73, 250.81, 250.83, 250.91, or 250.93 

 
A literature review produced 14 articles regarding algorithms or codes  to identify type I diabetes.98-111  
 
Type I diabetes is explicably intertwined with type II diabetes in the validation literature. Many 
validation studies exist that examine codes for both type I and type II diabetes, report PPVs and 
sensitivities ranging from 64%-98% and 73%-97%, respectively.98-107 Much less information is available 
when considering the distinct ICD-9 codes to distinguish between Type I and Type II diabetes, but 
validation studies do exist. 
 
In a study by Bobo et al., authors validated an algorithm for identifying persons with type I diabetes 
within Tennessee Medicaid data, finding a PPV of 80%, sensitivity of 65% and specificity being > 99%.108 
Operationally, since this study included codes for both Type I and II diabetes, the algorithm required: 1) 
a primary discharge diagnosis of 250 [diabetes mellitus], 250.0x [diabetes mellitus without mention of 
complication], 250.1x [diabetes with ketoacidosis], 250.2x [diabetes with hyperosmolarity], 250.3x 
[diabetes with other coma], or 250.9x [diabetes with unspecified complication]; 2) an inpatient stay with 
a secondary discharge diagnosis for one of these same ICD-9 codes + no diagnosis for 256.4 [polycystic 
ovaries] within 120 days of the diabetes diagnosis + a confirmatory antidiabetic prescription or an 
additional any-setting any-position ICD-9 code for diabetes within 120 days; or 3) an outpatient visit 
with a primary diagnosis for one of these same ICD-9 codes + a confirmatory antidiabetic prescription or 
an any-position inpatient ICD-9 code for diabetes within 120 days. In any of these three scenarios, >=1 
prescription for insulin was also required within 120 days of the diabetes diagnosis, with no more than a 
single prescription for an oral antidiabetic drug during that interval. A single prescription for an oral 
agent did not serve as an exclusion criterion, because such drugs may be occasionally prescribed while 
awaiting the results of confirmatory testing for type I diabetes. If the aforementioned definition was not 
met, the individual was classified as a type II diabetic. Of note, the study population consisted solely of a 
small number of pediatric, adolescent, and young adult atypical antipsychotic users aged 6-24 years.  
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Rhodes et al. also examined a pediatric, adolescent, and young adult population, yet within the 
Endocrine/Diabetes or Obesity Programs at Children’s Hospital in Boston, finding a PPV of 97% for Type I 
diabetes codes.109 To identify Type I diabetes, the algorithm required an inpatient or outpatient ICD-9 
code for 250.x1 or 250.x3 which includes: 250.01 [diabetes mellitus without mention of complication, 
type one [juvenile type], not stated as uncontrolled], 250.03 [diabetes mellitus without mention of 
complication, type one [juvenile type], uncontrolled], 250.11 [diabetes mellitus with ketoacidosis, type 
one [juvenile type] not stated as uncontrolled], 250.13 [diabetes mellitus with ketoacidosis, type one 
[juvenile type], uncontrolled], 250.21 [diabetes mellitus with hyperosmolar coma, type one [juvenile 
type], not stated as uncontrolled], 250.23 [diabetes mellitus with hyperosmolar coma, type one [juvenile 
type], uncontrolled], 250.31 [diabetes mellitus with other coma, type one [juvenile], not stated as 
uncontrolled], 250.33 [diabetes mellitus with other coma, type one [juvenile], uncontrolled], 250.41 
[diabetes mellitus with renal manifestations, type one [juvenile type], not stated as uncontrolled], 250.43 
[diabetes mellitus with renal manifestations, type one [juvenile type], uncontrolled], 250.51 [diabetes 
mellitus with ophthalmic manifestations, type one [juvenile type], not stated as uncontrolled], 250.53 
[diabetes mellitus with ophthalmic manifestations, type one [juvenile type], uncontrolled], 250.61 
[diabetes mellitus with neurological manifestations, type one [juvenile type] not stated as uncontrolled], 
250.63 [diabetes mellitus with neurological manifestations, type one [juvenile type] uncontrolled], 
250.71 [diabetes mellitus with peripheral circulatory disorders, type one [juvenile type], not stated as 
uncontrolled], 250.73 [diabetes mellitus with peripheral circulatory disorders, type one [juvenile type], 
uncontrolled], 250.81 [diabetes mellitus with other specified manifestations, type one [juvenile type], not 
stated as uncontrolled], 250.83 [diabetes mellitus with other specified manifestations, type one [juvenile 
type], uncontrolled], 250.91 [diabetes mellitus with unspecified complication, type one [juvenile type], 
not stated as uncontrolled], or 250.93 [diabetes mellitus with unspecified complication, type one 
[juvenile type], uncontrolled]. This algorithm is much less complicated than the algorithm proposed by 
Bobo et al. and has a higher PPV, but authors did not report sensitivity or specificity. 
 
Additionally, Klompas et al. developed algorithms for identifying individuals with type I diabetes, 
without regard to patient age, within Atrius Health electronic medical record data.110 The algorithm 
required >=2 ICD-9 diagnoses for 250.x1 or 250.x3 (as described above), a current prescription for insulin 
and no prescription for an oral antidiabetic agent at any time (excluding metformin). This yielded a PPV 
of 81% and sensitivity of 32%. Twenty-one other candidate algorithms were presented by the authors in 
the manuscript. Of note, among persons meeting screening criteria for potential diabetes, algorithms 
that maximized sensitivity (often at the cost of PPV) included individual components such as: a 
prescription for insulin; no record of any oral antidiabetic drug; and no record of any oral antidiabetic 
drug (excluding metformin). Algorithms that maximized PPV (often at the cost of sensitivity) included 
individual components such as: a ratio of type I to type II ICD-9 codes >0.5; a ratio of type I to type II ICD-
9 codes >0.5 + prescription for insulin; a ratio of type I to type II ICD-9 codes >0.5 + prescription for 
glucagon; C-peptide <0.8; and a prescription for urine acetone test strips. An algorithm that maximized 
PPV (96%) while maintaining an acceptable level of sensitivity (61%) included a requirement for a ratio 
of type I to type II ICD-9 codes >0.5 and no prescription for an oral antidiabetic drug (excluding 
metformin. The authors also developed an “optimized” algorithm, achieving a high PPV (96%) and 
perfect sensitivity (100%), yet this definition requires laboratory components that are not currently 
supported by the MSCDM (e.g., C-peptide, diabetes autoantibodies results). 
 
In addition to the studies validating ICD-9 codes, a study by Vanderloo et al. conducted in British 
Columbia, reviewed both ICD-9 and ICD-10 codes.111 The PPV, sensitivity and specificity reported were 
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98%, 99% and 78%, respectively for type I diabetes. The workgroup did not recommend this algorithm, 
based its lumping of ICD-9 and ICD-10 codes. 
 
For defining the outcome of type I diabetes, the workgroup favors the algorithm proposed by Rhodes et 
al., which includes inpatient or outpatient ICD-9 codes 250.x1 or 250.x3, in any position. This algorithm 
will best identify pediatric, adolescent, and young adults with type I diabetes, and although similar to 
Bobo et al., the algorithm was evaluated in more persons. As a secondary algorithm, the workgroup 
proposes the algorithm by Klompas et al. which includes: a ratio of type I to type II ICD-9 codes >0.5 + no 
prescription for an oral antidiabetic drug (excluding metformin), when researchers are interested in an 
adult patient population. Should requisite laboratory data be made available within the distributed 
database, the Klompas et al. “optimized” algorithm should be used.  

16. Valvulopathy 

Primary Observed or Derived Algorithm 
Inpatient, any position 
>=1 ICD-9 code: V42.2 , V43.3, 415, or 428  
AND  
>= 1 ICD-9 code: 394.x-397.x , 398.9, or 424.x 

 
A literature review produced 6 articles regarding algorithms or codes to identify valvulopathy.104, 112-116  
 
Literature searches resulted in one validated algorithm for valvular heart disease, which also included 
valve replacement. Birman-Deych et al. performed a validation of valvular heart disease or valve 
replacement in Medicare patients, as a risk factor for stroke in patients hospitalized for atrial 
fibrillation.104 This algorithm included codes for valve disease, other heart disease, valve disorders and 
endocarditis (394.x [diseases of mitral valve], 395.x [diseases of aortic valve], 396.x [diseases of mitral 
and aortic valves], 397.x [diseases of other endocardial structures], 398.9 [other and unspecified 
rheumatic heart diseases], or 424.x [other diseases of endocardium]), as well as V-codesb for valve 
replacement (V42.2 [heart valve replaced by transplant], or V43.3 [heart valve replaced by other 
means])). The PPV and specificity reported were high, at 93% and 97%, respectively. The NPV was more 
modest at 68%, while the sensitivity was sub-par at 41%. When the authors restricted this algorithm to 
require the diagnosis be in a primary position at the baseline hospitalization, the sensitivity dropped to 
4%.  
 
Other studies provided algorithms for defining valvular heart disease or valvulopathy in claims data, but 
these algorithms have not been validated. Abbott et al. defined hospitalizations for valvular heart 
disease using ICD-9 codes 394.x, 395.x, 396.x, 397.x, 424.0 [mitral valve disorders], 424.1 [aortic valve 
disorders] and authors exclude endocarditis (424.9 [endocarditis, valve unspecified], 424.90 
[endocarditis, valve unspecified, unspecified cause], 424.91 [endocarditis in diseases classified 
elsewhere], 424.99[other endocarditis, valve unspecified]).112 A study by DeBruin et al. used codes 424.0, 
424.1, 424.2 and 424.3 to define valvulopathy as a potential confounder.113 While Sundstrom et al. used 
ICD-9 codes 394-397 and 424, or ICD-10 codes I05 -I08 and I34 - I37 to exclude patients with valvular 

b As part of the ICD-9 diagnosis code hierarchy, V-codes provide information on supplementary 
classification of factors influencing health status and contact with health services. 
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disease in their community based sample.114 There was also a French study that provides ICD-10 codes 
for cardiac valvular insufficiency, but these are also not validated.115 
 
After much discussion, the workgroup decided the primary algorithm should only include more severe 
valvulopathy. It was also suggested that the literature be searched for heart failure (HF/CHF) codes 
combined with codes for valvulopathy. One study performed in Ontario administrative data, by Zadikoff 
et al. defined their outcome of valvular heart disease, valvular repair/replacement by ICD-9 codes 394, 
396, 397, 424.116 This study excluded diseases of the aortic valve (395), valvular replacement/major 
cardiac surgery (V43.3) and all rheumatic heart disease (ICD-9: 391 [rheumatic fever with heart 
involvement], 392 [rheumatic chorea], 394, 395, 397, 398 [other rheumatic heart disease]) in a 3 year 
baseline period. Codes for rheumatic heart disease were not included in the outcome definition, which 
differs from the Birman-Deych algorithm listed above. Authors of the Zadikoff study discussed the issue 
that valvular heart disease has not been systematically studied in their database, yet they chose not to 
validate the algorithms proposed to identify valvular heart disease. Instead, authors used CHF as an 
outcome of interest, since it is the most likely clinically overt outcome of valvulopathy and codes to 
define CHF have been validated. 

 
For defining the outcome of valvulopathy, the workgroup proposes a composite algorithm based 
restricting codes to the most severe cases of valvulopathy, which is essentially valve replacement. The 
primary algorithm consists of an inpatient or outpatient ICD-9 code V42.2 or V43.3, in the primary or 
secondary position. The workgroup would also like to recommend a secondary algorithm. As a 
secondary algorithm; the workgroup recommends the Birman-Deych algorithm, which includes any 
position, inpatient diagnosis of one of the following ICD-9 codes. 394.x, 395.x, 396.x , 397.x , 398.9, 
424.x and V42.2, V43.3. This algorithm should be used when researchers are not limiting valvulopathy to 
the most severe cases. 
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VIII. APPENDIX 

Appendix Table 1. Operational definitions and observed or derived algorithms 

Please refer back to the body of the paper for the workgroup’s review and impression of the algorithm 
performance. The appearance of an algorithm here does not mean that it will perform well.  
If the algorithm has not been validated or has a PPV less than 75%, it is denoted with an “*” in the table 
below. 
 
Health Outcome Observed or Derived Algorithm Comments 

of Interest 
1. Achilles tendon rupture (ATR) 

Any claim type, any position Seeger et al. 
>= 1 ICD-9 code: 727.67  

Primary AND  
>= 1 CPT code: 27605, 27606, 27650, 27652, 
27654, or 01472 

2. Erythema multiforme major (EMM), including Stevens Johnson syndrome (SJS) and toxic epidermal necrolysis 
(TEN) 

Any claim type, any position No validation statistics reported on the 
Primary* >= 1 ICD-9 code: 695.1, 695.10, 695.11, 695.12, newly defined ICD-9-CM coding. 

695.13, 695.14, 695.15, or 695.19   
Inpatient, any position For serious EM. 

Secondary* >= 1 ICD-9 code: 695.1, 695.10, 695.11, 695.12, No validation statistics reported on the 
695.13, 695.14, 695.15, or 695.19   newly defined ICD-9-CM coding. 

3. Febrile seizure 
ED or inpatient , any position To-be published PRISM febrile seizure Primary >= 1 ICD-9 code: 780.31 or 780.32 report, Tse et al. 

4. Guillain-Barre syndrome (GBS) 
Inpatient, primary position PRISM GBS review 
>= 1 ICD-9 code: 357.0 
AND  
Outpatient, any position 
>= 1 ICD-9 code: 357.0 Primary* EXCLUDE  
patients with the following in the 365 day 
baseline:  
Any claim type, any position  
>= 1 ICD-9 code: 357.0 or 357.81  
Inpatient, primary position  
>= 1 ICD-9 code: 357.0 
EXCLUDE  

Secondary* patients with the following in the 365 day 
baseline:  
Any claim type, any position  
>= 1 ICD-9 code: 357.0 or 357.81 

5. Henoch-Schönlein purpura (HSP) 
Inpatient, any position Based on an unvalidated algorithm by Primary* >= 1 ICD-9 code: 287.0  Weiss et al.  in patients <18 years 
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Health Outcome Observed or Derived Algorithm Comments 

of Interest 
6. Hip fracture 

Primary 
Inpatient, primary position 
>= 1 ICD-9 code: 820.00, 820.01, 820.02, 820.03, 
820.09, 820.20, 820.21, or 820.8 

Narongroeknawin et al. algorithm to 
define “typical hip fracture” 

Secondary 
Inpatient, any position 
>= 1 ICD-9 code: 820.00, 820.01, 820.02, 820.03, 
820.09, 820.20, 820.21, or 820.8 

 

7. Idiopathic thrombocytopenia purpura (ITP) 

Primary* Any claim type, any position  
>= 1 ICD-9 code: 287.31 

Modified version of an algorithm 
presented by Galdarossa et al. 

Secondary* Any claim type, any position  
>= 1 ICD-9 code: 287.30, 287.31, 287.32, or 287.39 

Composite algorithm developed by the 
workgroup 

Secondary* 

Any claim type, any position  
>= 1 ICD-9 code: 287.31 
AND 
>= 1 CPT code: 85025, 85027, 85032, 85049, 
85060, or 85097 
on the same day or one day prior 

Algorithm developed by FDA and 
HealthCore provided through a personal 
communication 

8. Peripheral neuropathy (PN) 

Primary* 

Definition #1: 
Any claim type, any position 
>= 1 ICD-9 code (broad): 250.6, 250.60, 250.61, 
250.62, 250.63, 337.0, 337.00, 337.01, 337.09, 
337.1, 337.9, 349.9, 356.4, 356.8, 356.9, 357, 
357.0, 357.1, 357.2, 357.3, 357.4, 357.5, 357.6, 
357.7, 357.8, 357.81, 357.82, 357.89, 357.9, or 
729.2 
AND  
>= PN drug  
 
Definition #2: 
Any claim type, any position 
>= 1 ICD-9 code (broad): 250.6, 250.60, 250.61, 
250.62, 250.63, 337.0, 337.00, 337.01, 337.09, 
337.1, 337.9, 349.9, 356.4, 356.8, 356.9, 357, 
357.0, 357.1, 357.2, 357.3, 357.4, 357.5, 357.6, 
357.7, 357.8, 357.81, 357.82, 357.89, 357.9, or 
729.2 
without mention of a PN drug 
 
Definition #3: 
Any claim type, any position 
>= 1 ICD-9 code (narrow): 356.4, 356.8, 356.9, 
357, 357.0, 357.1, 357.6, 357.7, 357.8, 357.81, 
357.89, 357.9, or 729.2 
AND 
>= 1 PN drug 
Definition #4:  

The workgroup is offering definitions for 
four unvalidated PN cohorts (in no 
particular order), intended to be used at 
the discretion of the researcher on a per 
study basis with regard to files used and 
coding position 
 
Code lists to define PN drugs are not 
provided. 
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Health Outcome Observed or Derived Algorithm Comments 

of Interest 
Any claim type, any position 
>= 1 ICD-9 code (narrow): 356.4, 356.8, 356.9, 
357, 357.0, 357.1, 357.6, 357.7, 357.8, 357.81, 
357.89, 357.9, or 729.2 
without mention of a PN drug 

9. Pulmonary hypertension (PH) 

Primary* Any claim type, any position  
>= 1 ICD-9 code: 416.0, 416.8, or 416.9 

Composite algorithm developed by the 
workgroup; has not been validated. 

10. Rhabdomyolysis 

Primary* Any claim type, any position  
>= 1 ICD-9 code: 728.88 

Code has not been well studied. 
Algorithm presented by Floyd et al. 

11. Severe acute liver injury (SALI) 

Primary* 

Inpatient, any position 
>= 2 ICD-9 code: 573.3, 573.8, 570, 572.2, 572.4, 
572.8, or V42.7  
OR 
Inpatient, any position 
>= 1 ICD-9 code: 573.3, 573.8, 570, 572.2, 572.4, 
572.8, or V42.7  
AND 
>= 1 ICD-9 procedure code: 50.1x, 50.9x OR 
>= 1 CPT code: 47000, 47001, or 47100 

Lo Re et al. 
Mini-Sentinel Validation Report on SALI 

12. Sudden cardiac death (SCD) and Ventricular Arrhythmia (VA) 

Primary 

ED or Inpatient, primary/first-listed position 
>= 1 ICD-9 code: 427.5, 798, 798.1, 798.2, 427.1, 
427.4, 427.41, or 427.42 
EXCLUDE  
patients with a prior SCD/VA diagnosis:  
Any claim type, any position  
>= 1 ICD-9 code: 427.5, 798, 798.1, 798.2, 427.1, 
427.4, 427.41, or 427.42 

Hennessy et al. 

13. Attempted suicide 

Primary 

Inpatient or outpatient, any position 
>= 1 ICD-9 E-code: E950, E951, E952, E953, E954, 
E955, E956, E957, E958 
90 days before or 180 days after initial 
antidepressant prescription or 
psychotherapy visit related to a depression code  

Simon et al. 
 
The workgroup does not know how this 
algorithm will perform outside of those 
with depression or who are on an 
antidepressant. 

Secondary 
Inpatient, any position 
>= 1 ICD-9 E-code: E950, E951, E952, E953, E954, 
E955, E956, E957, E958, or E959 

Iribarren et al. 

14. Thrombocytopenia 

Primary* 

Inpatient, any position 
>= 1 ICD-9 code: 287.1, 287.30, 287.31, 287.32, 
287.33, 287.39, 287.4, 287.5, or 289.84 

The workgroup developed this modified 
algorithm based on Galdarossa et al. 
Includes code for heparin induced 
thrombocytopenia. 

Secondary Inpatient, any position 
>= 1 ICD-9 code: 287.1, 287.30, 287.31, 287.32, 

Galdarossa et al. 
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Health Outcome Observed or Derived Algorithm Comments 

of Interest 
287.33, 287.39, 287.4, or 287.5 

15. Type I diabetes mellitus  
Inpatient or outpatient, any position 
>= 1 ICD-9 code: 250.01, 250.03, 250.11, 250.13, 

Rhodes et al. 

Primary 250.21, 250.23, 250.31, 250.33, 250.41, 250.43, 
250.51, 250.53, 250.61, 250.63, 250.71, 250.73, 
250.81, 250.83, 250.91, or 250.93 
Outpatient, any position Klompas et al.  
>= 2 ICD-9 codes: 250.01, 250.03, 250.11, 250.13,  
250.21, 250.23, 250.31, 250.33, 250.41, 250.43, Code lists to define insulin and oral 

Secondary 

250.51, 250.53, 250.61, 250.63, 250.71, 250.73, 
250.81, 250.83, 250.91, or 250.93 
on two or more occasions 

hypoglycemic are not provided. 

AND 
a current prescription for insulin 
AND 
no prescriptions for oral hypoglycemic 

16. Valvulopathy 
Inpatient, any position Unvalidated, composite algorithm 

Primary* >=1 ICD-9 code: V42.2 , V43.3, 415, or 428  
AND  

developed by the workgroup to define 
severe valvulopathy. 

>= 1 ICD-9 code: 394.x-397.x , 398.9, or 424.x 
Inpatient, any position Birman-Deych et al. 

Secondary >= 1 ICD-9 code:394.x-397.x, 398.9, 
or V43.3 

424.x, V42.2, 

* algorithm has not been validated or has a PPV less than 75% 
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