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CONCLUSIONS
The concordance of myocarditis ICD-code with Brighton Collaboration criteria varies by age, 

ethnicity, comorbidities, care setting, and cohort. Future directions include the development of 

ICD-code based algorithms using correlates of concordance for improved myocarditis case 

identification in both COVID and non-COVID contexts in the real-world setting. 

BACKGROUND:
• Myocarditis is an inflammatory disease of the myocardium (1). Diagnosis is challenging due 

to the heterogeneity of clinical presentations (2,3)
 o Endomyocardial biopsy (EMB) (the diagnostic gold standard) is infrequently used (2)
• International Classification of Diseases (ICD) codes are commonly used to identify 

myocarditis cases in real-world studies with recent efforts to validate such case-finding 
definitions (4)
o Post-marketing safety surveillance for vaccines use case definition criteria for 

retrospective assessment of post-vaccination cases, such as CDC and the Brighton 
Collaboration (5,6)

• Study question: how do ICD-based myocarditis diagnoses perform when assessed with 
Brighton Collaboration criteria for myocarditis among: 

  o Cohort 1: mRNA COVID-19 vaccine immunized patients
  o Cohort 2: SARS-CoV-2-infected patients
  o Cohort 3: myocarditis of any other cause prior to COVID era

METHODS:
• Data source: Optum’s de-identified Market Clarity Data (Market Clarity) deterministically links 

medical and pharmacy claims with electronic health record data
• Study period: 01 Jan 2016 - 31 Mar 2023
• Study population:

o Inclusion criteria:
▪ Diagnosis of myocarditis identified using ICD-10 codes in EHR and/or claims
▪ At least 1 myocarditis inpatient record or ≥2 myocarditis outpatient records dated ≥30 

days apart
▪ Myocarditis diagnosis:

• Cohort 1: 11 Dec 2020 - 31 Mar 2023
• Cohort 2: 01 Jan 2020 - 31 Mar 2023
• Cohort 3: 01 Jan 2016 - 01 Nov 2019 

▪ ≥365 days of enrollment or activity in the EHR prior to the index myocarditis diagnosis
▪ Availability of medical notes to use for confirmation of myocarditis 30 days -/+ the index 

event
o Additional inclusion criteria by cohort:

▪ Cohort 1: Record of mRNA vaccination within 21 days prior to the myocarditis diagnosis 
without a record of SARS-CoV-2 positive test within 8 weeks prior to myocarditis 
diagnosis

▪ Cohort 2: Record of SARS-CoV-2 positive test within 8 weeks prior to myocarditis 
diagnosis, with no record of mRNA COVID-19 vaccination during that time

▪ Cohort 3: No additional criteria
o Exclusion criteria: <365 days between 1st recorded activity and index myocarditis

• Analysis: 
o Two clinicians reviewed medical records for myocarditis using the Brighton Collaboration 

criteria and diagnostic certainty levels: 
▪ Validated: Levels 1 (Confirmed), 2 (Probably) and 3 (Possible) 
▪ Not validated: Levels 4 (Insufficient Evidence), 5 (Not a case)

o Concordance of ICD based myocarditis diagnoses with Brighton Collaboration case 
definitions and level of certainty (% validated among all ICD-code based diagnoses) 
calculated for each cohort overall and by strata: diagnosis setting, age, and comorbidity 
status 

RESULTS
• Lowest concordance (myocarditis ICD codes validated by clinician review) observed in Cohort 

1 (49%) compared to Cohort 2 (77%) and Cohort 3 (65%) 

• In Cohort 1, concordance was higher in patients <25 vs 25+ years old (90% vs 41%), in 

Hispanic vs non-Hispanic patients (89% vs 46%), in patients with 0 vs 1+ Charlson Comorbidity 

Index (CCI) (63% vs 39%); and in inpatient/emergency department (IP/ED) vs outpatient 

settings (70% vs 30%)

• In Cohorts 2 and 3, concordance was also higher in IP/ED vs outpatient settings (80% vs 62% 

and 76% vs 51%, respectively), but similar by age, ethnicity, and CCI 

• No concordance differences were noted by sex, race, geographical region, insurance type, or 

prior healthcare utilization for any cohort 

• Notably, among the 65 unvalidated myocarditis codes (Brighton levels 4 and 5 ) from patients 

in Cohort 1, 37 (57%) were D86.85, sarcoid myocarditis

o 17/24 (71%) were D86.85 for sarcoid myocarditis among Brighton level 5 cases 
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Figure 1: Cohort 

development/attrition 

flowchart

Table 1 Myocarditis patient characteristics stratified by case definition and cohort

Table 2 Most common myocarditis ICD codes by cohort and Brighton Collaboration category

Figure 2. Concordance between ICD code and Brighton Collaboration-defined myocarditis by 

diagnosis setting and (A) age,  race/ethnicity (B), and CCI (C)

A

B

C

Patients with myocarditis codea (≥1 inpatient diagnosis or ≥2 
outpatient diagnoses 30+ days apart) from 2016/01/01 to 

2023/03/31 in EHR or Claims
n = 64,052  

Patients from sources with notes
n = 37,551
(58.63%)

Myocarditis dated 2016/01/01 – 2019/11/01
n = 7,970
(21.1 %)

Cohort 3: Pre-COVID 
myocarditis

• Myocarditis dated 2020/01/01 – 2023/03/31
• ≤ 8 weeks after a positive SARS-Cov-2 test 
• No record of COVID vaccination in the 8 

weeks before index myocarditis
n = 2,823

(7.5 %)

Cohort 2: COVID infected 
myocarditis

≥1 year of EHR history prior to index myocarditis
n = 2,393
(84.8 %)

3+ notes with relevant terms mentioned +/- 30 
days of the index myocarditis date

n = 435b

(18.2 %)

≥1 year of EHR history prior to last myocarditis 
diagnosis
n = 5,967
(74.9%)

3+ notes with relevant terms mentioned +/- 30 
days of the index myocarditis date

n = 850b

(14.3 %)

Random selection to meet a priori 
requirement for 245 total patients for chart 

review for this cohort
n=245

(28.8 %)

• Myocarditis dated 2020/12/11 – 2023/03/31
• ≤ 21 days after a documented mRNA COVID 

vaccination
• No record of COVID infection +/- 8 weeks of 

the index myocarditis
n= 450
(1.2 %)

Cohort 1:  COVID vaccinated 
myocarditis

≥1 year of EHR history prior to index myocarditis
n = 408
(90.7 %)

1+ note with relevant terms mentioned +/- 30 
days of the index myocarditis date

n = 120b

(29.4 %)

aA38.1, A39.52, B26.82, B33.22, B58.81, D86.85, I01.2, I09.0, I40, I40.0, I40.1, I40.8, I40.9, I41, I51.4, 
J10.82, J11.82 
bAdditional attrition included dropout due to myocarditis and vaccination code updates applied at 
this step
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Cohort 1: COVID 

vaccinated 

myocarditis

(N=120)

Validated

Cohort 1: COVID 

vaccinated 

myocarditis

(N=59)

All

Cohort 2: COVID 

infected 

myocarditis

(N=435)

Validated 

Cohort 2: COVID 

infected 

myocarditis

(N=335)

All 

Cohort 3: Pre 

COVID 

myocarditis

(N=245)

Validated

Cohort 3: Pre 

COVID 

myocarditis

(N=160)

N (%) N (%) N (%) N (%) N (%) N (%)

Index age, Median  (Q1 - Q3) 54.5 (34 - 63.5) 40 (21 - 61) 51 (28 - 64) 52 (29 - 64) 48 (32 - 61) 46. 5 (31.5 , 59)

Gender

Female 44 (36.7%) 22 (37.3%) 188 (43.2%) 153 (45.7%) 101 (41.2%) 68 (42.5%)

Male 76 (63.3%) 37 (62.7%) 247 (56.8%) 182 (54.3%) 144 (58.8%) 92 (57.5%)

Race

African American 31 (25.8%) 15 (25.4%) 100 (23.0%) 85 (25.4%) 50 (20.4%) 33 (20.6%)

White 78 (65.0%) 40 (67.8%) 266 (61.1%) 197 (58.8%) 168 (68.6%) 109 (68.1%)

Other/Unknown 11 (9.1%) <5 69 (15.9%) 53 (15.8%) 27 (11.0%) 18 (11.2%)

Ethnicity

Hispanic 9 (7.5%) 8 (13.6%) 50 (11.5%) 36 (10.7%) 24 (9.8%) 16 (10.0%)

Not Hispanic 84 (70.0%) 36 (61.0%) 285 (65.5%) 225 (67.2%) 200 (81.6%) 133 (83.1%)

Unknown 27 (22.5%) 15 (25.4%) 100 (23.0%) 74 (22.1%) 21 (8.6%) 11 (6.9%)

Region

Midwest 35 (29.2%) 17 (28.8%) 127 (29.2%) 94 (28.1%) 87 (35.5%) 60 (37.5%)

Northeast 57 (47.5%) 28 (47.5%) 164 (37.7%) 126 (37.6%) 100 (40.8%) 63 (39.4%)

Other/Unknown 5 (4.2%) <5 18 (4.1%) 12 (3.6%) 16 (6.5%) 9 (5.6%)

South 15 (12.5%) 8 (13.6%) 113 (26.0%) 92 (27.5%) 34 (13.9%) 23 (14.4%)

West 8 (6.7%) <5 13 (3.0%) 11 (3.3%) 8 (3.3%) 5 (3.1%)

Insurance type (At Index)

Commercial 66 (55.0%) 34 (57.6%) 214 (49.2%) 169 (50.4%) 123 (50.2%) 79 (49.4%)

Medicaid 17 (14.2%) 9 (15.3%) 93 (21.4%) 73 (21.8%) 48 (19.6%) 35 (21.9%)

Medicare 18 (15.0%) 7 (11.9%) 83 (19.1%) 66 (19.7%) 56 (22.9%) 34 (21.3%)

Other/Unknown 19 (15.8%) 9 (15.3%) 45 (10.3%) 27 (8.1%) 18 (7.3%) 12 (7.5%)

Healthcare Utilization in previous 

182 days

Inpatient Hospitalization 32 (26.7%) 15 (25.4%) 168 (38.6%) 131 (39.1%) 124 (50.6%) 90 (56.3%)

Emergency Department 29 (24.2%) 11 (18.6%) 108 (24.8%) 84 (25.1%) 76 (31.0%) 53 (33.1%)

Outpatient Visit 105 (87.5%) 48 (81.4%) 326 (74.9%) 249 (74.3%) 200 (81.6%) 120 (75.0%)

Charlson Comorbidity Index in 

previous 365 days

0 49 (40.8%) 31 (52.5%) 210 (48.3%) 159 (47.5%) 91 (37.1%) 62 (38.8%)

1+ 71 (59.2%) 28 (47.5%) 225 (51.7%) 176 (52.5%) 154 (62.9%) 98 (61.3%)

Note: To reduce risk of re-identification, cells with fewer than n=5 were masked as “<5”

Code Description

Cohort 1 

Brighton 

Category 

1, 2, 3

Cohort 1 

Brighton 

Category 

4, 5

Cohort 2

Brighton 

Category 

1, 2, 3

Cohort 2

Brighton 

Category 

4, 5

Cohort 3

Brighton 

Category 

1, 2, 3

Cohort 3

Brighton 

Category 

4, 5

Total 66 65 378 109 186 88

B33.22 Viral myocarditis <5 <5 12 (3.2%) 8 (7.3%) 11 (5.9%) <5

D86.8 Sarcoid myocarditis 12 (18.2%) 37 (56.9%) <5 <5 <5 <5

I40.0 Infective myocarditis <5 <5 47 (12.4%) 10 (9.2%) 7 (3.8%) <5

I40.1 Isolated myocarditis <5 <5 <5 5 (4.6%) 12 (6.5%) 8 (9.1%)

I40.8 Other acute myocarditis 5 (7.6%) <5 13 (3.4%) <5 6 (3.2%) <5

I40.9 Acute myocarditis, unspecified 8 (12.1%) <5 44 (11.6%) 10 (9.2%) 30 (16.1%) 12 (13.6%)

I51.4 Myocarditis, unspecified 29 (43.9%) 17 (26.2%) 254 (67.2%) 70 (64.2%) 114 (61.3%) 56 (63.6%)
Note: To reduce risk of re-identification, cells with fewer than n=5 were masked as “<5”
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