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Abstract

Purpose: How completely do hospital discharge diagnoses identify cases of

myopericarditis after an mRNA vaccine?

Methods: We assembled a cohort 12–39 year-old patients, insured by Kaiser Permanente

Northwest, who received at least one dose of an mRNA vaccine (Pfizer-BioNTech or

Moderna) between December 2020 and October 2021. We followed them for up to

30 days after their second dose of an mRNA vaccine to identify encounters for myocardi-

tis, pericarditis or myopericarditis. We compared two identification methods: A method

that searched all encounter diagnoses using a brief text description (e.g., ICD-10-CM code

I40.9 is defined as ‘acute myocarditis, unspecified’). We searched the text description of

all inpatient or outpatient encounter diagnoses (in any position) for “myocarditis” or “peri-
carditis.” The other method was developed by the Centers for Disease Control and Pre-

vention's Vaccine Safety Datalink (VSD), which searched for emergency department visits

or hospitalizations with a select set of discharge ICD-10-CM diagnosis codes. For both

methods, two physicians independently reviewed the identified patient records and classi-

fied them as confirmed, probable or not cases using the CDC's case definition.

Results: The encounter methodology identified 14 distinct patients who met the con-

firmed or probable CDC case definition for acute myocarditis or pericarditis with an onset

within 21 days of receipt of COVID-19 vaccination. When we extended the search for

relevant diagnoses to 30 days since vaccination, we identified two additional patients (for

a total of 16 patients) who met the case definition for acute myocarditis or pericarditis,

but those patients had been misdiagnosed at the time of their original presentation. Three

of these patients had an ICD-10-CM code of I51.4 “Myocarditis, Unspecified;” that code
was omitted by the VSD algorithm (in the late fall of 2021). The VSD methodology identi-

fied 11 patients who met the CDC case definition for acute myocarditis or pericarditis.

Seven (64%) of the 11 patients had initial care for myopericarditis outside of a KPNW

facility and their diagnosis could not be ascertained by the VSD methodology until claims

were submitted (median delay of 33 days; range of 12–195 days). Among those who

received a second dose of vaccine (n = 146 785), we estimated a risk as 95.4 cases of

myopericarditis per million second doses administered (95% CI, 52.1–160.0).

Conclusion: We identified additional valid cases of myopericarditis following an

mRNA vaccination that would be missed by the VSD's search algorithm, which
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depends on select hospital discharge diagnosis codes. The true incidence of

myopericarditis is markedly higher than the incidence reported to US advisory com-

mittees in the fall of 2021. The VSD should validate its search algorithm to improve

its sensitivity for myopericarditis.

K E YWORD S

COVID-19 vaccination, hospital claims, ICD-10 code, incidence of myopericarditis,
myopericarditis, Vaccine Safety Datalink

Key Points

• We identified a higher estimate of myopericarditis following COVID-19 mRNA vaccine by

searching encounter text description compared with the Vaccine Safety Datalink (VSD)

methodology.

• An incomplete list of ICD-10-CM codes and delays in hospital claims data were responsible

for the difference.

• We estimated a risk of 95.4 cases of myopericarditis per million second doses administered

in patients age 12–39 that is higher than the incidence reported to US advisory committees

in the fall of 2021.

• We encourage other VSD sites to validate the case ascertainment.

Plain Language Summary

This report identifies that our encounter methodology identified approximately twice as many

cases of myopericarditis following COVID-19 mRNA vaccination than the CDC's Vaccine Safety

Datalink. Omissions in ICD-10-CM codes and claims delays were the primary reasons the VSD's

search algorithm missed these cases.

1 | PURPOSE

Post-marketing vaccine safety in the US is monitored through the

complimentary Vaccine Adverse Event Reporting System (VAERS)

and the Vaccine Safety Datalink (VSD). VSD has conducted weekly

vaccine surveillance known as rapid cycle analysis since the first

COVID-19 vaccine was administered in December 2020 to identify

rare or serious vaccine related outcomes not identified in clinical

trials.1 This surveillance system looks for serious outcomes associ-

ated with 23 pre-specified signals, however the sensitivity of the

risk estimates may be limited by only including specific ICD-

10-CM codes, and by delays in claims processing when care occurs

outside the integrated health system and exclusion of outpatient

visits.

Myopericarditis following COVID-19 mRNA vaccination is well

reported,2–4 and the FDA and CDC use VSD analyses of myopericarditis

following COVID-19 mRNA vaccination to implement decisions about

vaccine policy.

Here we compare the risk of myopericarditis using health record

encounter text analysis compared with the VSD rapid cycle analysis

methodology from a single integrated health system, Kaiser Per-

manente Northwest (KPNW), a VSD participant.1 KPNW represents

approximately 7% of the entire VSD population. The purpose of this

study was to compare how completely the different methodologies

identify post-vaccination myopericarditis.

2 | METHODS

We assembled a cohort of 153 438 adolescents and adults

(12–39 years old) who were covered by KPNW and were vaccinated

with at least one dose of an mRNA COVID-19 vaccine between

December 18, 2020 and October 16, 2021. The cohort was followed

for up to 30 days after their second dose of an mRNA vaccine to iden-

tify encounters for myocarditis, pericarditis or myopericarditis.

Encounters included telehealth visits, outpatient visits, including

urgent care visits, as well as emergency department visits or hospitali-

zations. KP's institutional review board (IRB) approved the study.

KPNW's electronic health record (EHR) is a version of Epic's

EHR system and captures all encounter diagnoses assigned within

KP's integrated delivery system and affiliated community. The

National Center for Health Statistics developed a brief text descrip-

tion or label to define their clinical modification of ICD-10-CM

diagnosis codes. For example, I40.9 is defined as, “acute myocardi-

tis, unspecified.” We searched the text description of all the KPNW

encounter diagnoses (in any position) that occurred between

December 18, 2020 and October 16, 2021 in both the outpatient

and inpatient settings to identify encounters related to “myocardi-

tis” or “pericarditis.” We excluded anyone with a documented diag-

nosis of myocarditis or pericarditis before their first mRNA

vaccination. We excluded patients with a diagnosis of COVID-19

infection prior to the diagnosis of myopericarditis. Two physicians
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independently reviewed the identified patients' full medical records

and applied the CDC myocarditis and pericarditis surveillance case

definition to classify records as confirmed, probable or not cases

based on the prior published definition.5

To reproduce the VSD methodology2 we restricted our search to

select ICD-10-CM discharge codes from emergency department visits

and hospitalizations, including hospitals owned by KPNW and hospi-

tals unaffiliated with KPNW, which submit insurance claims to KPNW.

Each diagnosis associated with an ICD-10-CM code of B33.22,

B33.23, I30,* or I40* was then flagged as meeting the criteria of being

identified by the VSD. As above, two physicians independently

reviewed the patient records to classify as confirmed, probable or not

cases based on the case definition.5

We calculated the risk per million second doses of vaccine. We strati-

fied the risk by age bands to understand how the risk of myocarditis or

pericarditis depended on age. We calculated exact 95% confidence inter-

vals using Stata 17 and the default Clopper-Pearson binomial method.6

3 | RESULTS

The encounter text description methodology identified 14 distinct

patients ages 12–39 years old who met the confirmed or probable

CDC case definition for acute myocarditis or pericarditis within

21 days of receipt of COVID-19 vaccination. Three of these patients

had an ICD-10-CM code of I51.4 myocarditis, Unspecified which was

unique to the encounter text description methodology (i.e., omitted

from the VSD algorithm). When we extended the search for relevant

diagnoses to 30 days since vaccination, we identified two additional

patients (Patient #15 and #16) who met the case definition for acute

myocarditis or pericarditis, but those patients had been misdiagnosed

at the time of their original presentation. The original symptomatic

presentation was still within 21 days since vaccination, but the condi-

tion was misdiagnosed and subsequently recognized during an outpa-

tient follow up visit. We included all 16 patients in our data analysis.

Using the VSD methodology, we identified 11 patients ages 12–

39 years old who met the CDC case definition for acute myocarditis

or pericarditis within 21 days of receipt of COVID-19 vaccination. Seven

(64%) of the 11 patients had initial care for myopericarditis outside of a

KPNW facility and their diagnosis could not be ascertained by the VSD

methodology until claims were submitted. Four of the 11 cases identified

by the VSD had claims data submitted after 30 days, with an average

claims delay of 64 days and a median delay of 33 days (range 12–

195 days). Claims data for these events were submitted from patient

encounters at community hospitals that are not owned by Kaiser Per-

manente Northwest but provide care for our patients. These emergency

department visits and hospitalizations outside of KP facilities are reim-

bursed when hospitals submit an insurance claim for the care that was

provided and allow for physician adjudication of the cases (Table 1).

In our patients ages 12–39 years old who received a second dose

of vaccine (n = 146 785), we estimated a risk of 95.4 cases of

myopericarditis per million second doses administered (95% CI, 52.1

to 160.0). In males who received a second dose (n = 66 533) we esti-

mated a risk of 195.4 cases of myopericarditis per million second

doses (95% CI, 104.0 to 334.1) (Figure 1).

4 | CONCLUSION

We identified a higher estimate of myopericarditis following COVID-

19 mRNA vaccine by searching encounter text description of an inte-

grated health system compared with the VSD methodology. The VSD

F IGURE 1 The risk of myopericarditis per million doses of COVID-19 mRNA vaccine by age, sex, and dose number

924 SHARFF ET AL.



specifically excluded ICD-10-CM code I51.4, (myocarditis,

unspecified) resulting in missed diagnoses that met the case definition.

Additionally, some of the VSD sites rely on claims data from commu-

nity hospitals that are not owned by the health systems to identify

cases. Although their methodology may eventually identify these

cases if the analysis was conducted several months after all the events

occurred, the lag in claims submission and payment may result in inac-

curate case estimates.

Finally, by extending our search for a relevant diagnosis to

30 days since vaccination, we were able to capture additional

events that met the case definition but were not coded in the

health record by day 21. For example, patient #15 had a hospital

discharge code of Chest Pain (ICD-10-CM code R07.9), that

occurred 4 days after vaccination, however when he had follow-up

in the pediatric cardiology clinic the appropriate diagnosis code of

Idiopathic Myocarditis (ICD-10-CM code I40.1) was documented.

This outpatient pediatric cardiology appointment occurred at day

25 after his initial presentation. A similar scenario occurred with

patient #16 whose initial encounter was diagnosed as Chest Pain

(ICD-10-CM code R07.9) which occurred 1 day after vaccination.

She had cardiology evaluation >21 days after the initial presenta-

tion, and received the more specific code of Pericarditis,

Unspecified (ICD-10-CM I31.9). It is unclear why a 21-day cut-off

was defined by the VSD and by expanding our search for a relevant

diagnosis to 30 days since vaccination, we were able to identify

additional events. However, the number of chart reviews to adjudi-

cate the additional cases identified between days 22 through

30 may not merit the associated work burden for this incremental

improvement in case ascertainment.

Our estimate of the incidence of myopericarditis following COVID-

19 mRNA vaccine is similar in magnitude to that reported from studies

from Israel and Hong Kong7–9 but higher than that reported in the US

studies and at Vaccines and Related Biological Products Advisory Com-

mittee (VRBPAC) and Advisory Committee on Immunization Practices

(ACIP) meetings during the fall of 2021.10–13 Complete case estimates

are essential when modeling risk and benefit for wide-scale vaccine

implementation and booster doses in younger age groups.

The encounter text description methodology identified approxi-

mately twice as many cases of myopericarditis following COVID-19

mRNA vaccination. The VSD is a multi-site consortium with several sites

relying on outside claims data to identify cases, potentially resulting in

prolonged data lags for accurate ascertainment of events. We would

encourage other VSD sites to validate the case ascertainment of the

VSD methodology. Future modeling and public policy decisions on vac-

cine safety should consider the limitations of VSD derived estimates.
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