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Prior studies of stress cardiomyopathy (SCM) have used
International Classification of Diseases (ICD) codes to
identify patients in administrative databases without
evaluating the validity of these codes. Between 2010
and 2016, we identified 592 patients discharged with a
first known principal or secondary ICD code for SCM in
our medical system. On chart review, 580 charts had a
diagnosis of SCM (positive predictive value 98%; 95%
Cl: 96.4-98.8), although 38 (6.4%) did not have active
clinical manifestations of SCM during the hospitalization.

tress cardiomyopathy (SCM), also known as takotsubo

cardiomyopathy, is a nonischemic cardiomyopathy ini-

tially identified in Japan in 1990. In 2006, SCM gained

an International Classification of Diseases code at the
9* Clinical Modification (ICD-9 CM). Subsequently, several ep-
idemiological studies have used ICD codes to evaluate trends
in the diagnosis of SCM;™® however, to our knowledge, no pre-
vious studies have validated ICD-9 or -10 codes using chart
review. We aimed to determine the positive predictive value
(PPV) and the limitations of these ICD codes among hospital-
ized patients.

METHODS

We performed a retrospective cohort study at a single tertia-
ry care center, identifying all adults aged >18 years from 2010
to 2016 who were hospitalized with a first known diagnosis of
SCM in our Electronic Health Records (EHR) system (Cerner,
Stoltenberg Consulting, Inc., Bethel Park, Pennsylvania), which
includes both inpatient and outpatient records. We included
patients hospitalized with a principal or secondary ICD-9 dis-
charge diagnosis code of 429.83 (for those hospitalized before
October 2015) or an ICD-10 discharge diagnosis code of 151.81
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Moreover, only 66.8% underwent cardiac catheterization
and 91.5% underwent echocardiography. These findings
suggest that, although all but a few hospitalized patients
with an ICD code for SCM had a diagnosis of SCM, some
of these were chronic cases, and numerous patients with
a new diagnosis of SCM did not undergo a complete
diagnostic workup. Researchers should be mindful of
these limitations in future studies involving administrative
databases. Journal of Hospital Medicine 2020;15:160-163.
© 2020 Society of Hospital Medicine

(for those hospitalized from October 1, 2015 through Decem-
ber 2016). We excluded hospital readmissions and patients
with recurrent SCM, but we could not administratively remove
patients who carried a prior diagnosis of SCM made previously
at other institutions. One investigator (KW) then reviewed our
EHR for a documentation of SCM anywhere in the chart by per-
forming a systematic review of discharge, admission, consulta-
tion, daily progress notes, as well as biomarkers, electrocardio-
grams, echocardiograms, and coronary angiograms. If the first
reviewer did not find documentation of SCM anywhere in the
EHR, this finding was confirmed by a second chart review by a
cardiologist (QP).

Principal and secondary discharge diagnoses were entered
into our administrative database by hospital coders using stan-
dard coding practices. Because ICD codes also record comor-
bidities that were present prior to admission, we determined
whether each patient had a new diagnosis of SCM during the
hospitalization. If not, we considered their ICD code as a pre-
existing comorbidity and labeled these as chronic cases.

We recorded age, sex, race, ethnicity, and frequency of
echocardiogram and cardiac catheterization among all pa-
tients. To determine the burden of other comorbidities, we
used the Charlson Comorbidity Index and the Elixhauser Co-
morbidity Index,”'® but limited our reporting to comorbidities
with >5% prevalence.

Our primary aim was to measure the PPV of these ICD codes
to determine a diagnosis of SCM. This was done by dividing the
total number of cases with a clinical documentation of SCM by
the total number of patients with an ICD diagnosis of SCM. As
secondary aims, we noted the percentage of new and chronic
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SCM, the proportion of patients who underwent echocardiog-
raphy and/or cardiac catheterization and recorded the annual
number of total cases of confirmed SCM from 2010 to 2016.
Trends were evaluated using the Cochran-Armitage test. To bet-
ter understand the difference between patients given a principal
and secondary code for SCM, we compared these two groups
using summary statistics using t tests and chi-squared tests as
appropriate, noted the PPV, and determined the 95% confi-
dence intervals of ICD codes in these subgroups. This study was
approved by the institutional review board of Baystate Medical
Center (#1109756-4). Statistical analysis was done using JMP
version12.0.1 (SAS Institute, Cary, North Carolina, 2015).

RESULTS

During 2010-2016, a total of 592 patients with a first known
ICD code in our EHR for SCM were hospitalized, comprising
242 (41.0%) with a principal diagnosis code. Upon chart review,
we were unable to confirm a clinical diagnosis of SCM among
12 (2.0%) patients. In addition, 38 (6.4%) were chronic cases of
SCM, without evidence of active disease at the time of hospi-
talization. In general, chronic cases typically carried an SCM di-
agnosis from a hospitalization at a non-Baystate hospital (out-
side our EHR), or from an outpatient setting. Occasionally, we
also found cases where the diagnosis of SCM was mentioned
but testing was not pursued, and the patient had no symptoms
that were attributed to SCM. Overall use of echocardiogram
and cardiac angiography was 91.5% and 66.8%, respectively,
and was lower in chronic than in new cases of SCM.

Compared with patients with a secondary diagnosis code,
patients with a principal diagnosis of SCM underwent more car-
diac angiography and echocardiography (Table 1). When com-
paring the difference between those with principal and second-
ary ICD codes, we found that 237 (98%) vs 305 (87%) were new
cases of SCM, respectively, and all 12 patients without any clin-
ical diagnosis of SCM had been given a secondary ICD code.
Between 2010 and 2016, we noted a significant increase in the
number of cases of SCM (Cochrane-Armitage, P < .0001).

The overall PPV (95% Cl) of either principal or secondary ICD
codes for any form or presentation of SCM was 98.0% (96.4-
98.8) with no difference in PPV between the coding systems
(ICD-9, 66% of cases, PPV 98% [96.0-99.0] vs ICD-10, PPV 98%
[94.9-99.2; P = .98]). Because all patients without a diagnosis of
SCM were given secondary ICD codes, this changed the PPV
(95% Cl) for principal and secondary SCM to 100% (98.4-100.0)
and 96.6% (94.1-98.0), respectively. When chronic cases were
included as noncases, the PPV (95% Cl) to detect a new case of
SCM decreased to 97.9% (95.2-99.1) and 87.1% (83.0-90.2) for
principal and secondary SCM, respectively (Table 1).

DISCUSSION

In this study, we found a strong relationship between the receipt
of an ICD code for SCM and the clinical documentation of a di-
agnosis of SCM, with an overall PPV of 98%. The PPV was higher
when the sample was limited to those assigned a principal ICD
code for SCM, but it was lower when considering that some ICD
codes represented chronic SCM from prior hospitalizations, de-
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spite our attempts to exclude these cases administratively prior
to chart review. Furthermore, cardiac catheterization and echo-
cardiography were used inconsistently and were less frequent
among secondary compared with a principal diagnosis of SCM.
Thus, although a principal ICD diagnosis code for SCM appears
to accurately reflect a diagnosis of SCM, a secondary code for
SCM appears less reliable. These findings suggest that future
epidemiological studies can rely on principal diagnosis codes
for use in research studies, but that they should use caution
when including patients with secondary codes for SCM.

Our study makes an important contribution to the literature
because it quantitates the reliability of ICD codes to identify
patients with SCM. This finding is important because multiple
studies have used this code to study trends in the incidence of
this disease,’® and futures studies will almost certainly contin-
ue to do so. Our results also showed similar demographics and
trends in the incidence of SCM compared with those of pri-
or studies™!" but additionally revealed that these codes also
have some important limitations.

A key factor to remember is that neither a clinical diagnosis
nor an ICD code at the time of hospital discharge is based
upon formal diagnostic criteria for SCM. Importantly, all cur-
rently proposed diagnostic criteria require resolution of typ-
ical regional wall motion abnormalities before finalizing a
research-grade diagnosis of SCM (Table 2).2'3 However, be-
cause the median time to recovery of ejection fraction in SCM
is between three and four weeks after hospital discharge (with
some recovery extending much longer),? it is almost impossi-
ble to make a research-grade diagnosis of SCM after a three-
to four-day hospitalization. Moreover, 33% of our patients did
not undergo cardiac catheterization, 8.5% did not undergo
echocardiography, and it is our experience that testing for
pheochromocytoma and myocarditis is rarely done. Thus, we
emphasize that ICD codes for SCM assigned at the time of
hospital discharge represent a clinical diagnosis of SCM and
not research-grade criteria for this disease. This is a significant
limitation of prior epidemiologic studies that consider only the
short time frame of hospitalization.

A limitation of our study is that we did not attempt to mea-
sure sensitivity, specificity, or the negative predictive value of
these codes. This is because measurement of these diagnostic
features would require sampling some of our hospital’s 53,000
annual hospital admissions to find cases where SCM was pres-
ent but not recognized. This did not seem practical, particular-
ly because it might also require directly overreading imaging
studies. Moreover, we believe that for the purposes of future
epidemiology research, the PPV is the most important feature
of these codes because a high PPV indicates that when a prin-
cipal ICD code is present, it almost always represents a new
case of SCM. Other limitations include this being a single-cen-
ter study; the rates of echocardiograms, cardiac angiography,
clinical diagnosis, and coding may differ at other institutions.

In conclusion, we found a high PPV of ICD codes for SCM,
particularly among patients with a principal discharge diag-
nosis of SCM. However, we also found that approximately
8% of cases were either wrongly coded or were chronic cas-
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TABLE 1. Patient Demographics, Diagnostic Tests, Comorbidities, Trends, and Reliability by Diagnosis Codes

Principal Diagnosis by ICD-9/10 Secondary Diagnosis by ICD-9/10

Characteristic n=242 n=350
Age, (years) 66+ 13 68+ 14
Male sex (%) 21(8.7) 75(21.4)
Race
White n (%) 203 (84) 291 (83)
Black n (%) 6(2.4) 22(6.3)
Hispanic n (%) 23(9.5) 27 (7.7)
Other n (%) 10 (4) 10(3)
Diagnostic Testing
Cardiac Catheterization (%) 213 (88) 183 (53.3)
Echocardiogram (%) 232(95.9) 310 (88.6)
Ejection Fraction (%) 32% +12.0 32% £ 12.7
Neither cardiac catheterization nor echocardiogram performed 3(1.2) 28 (8)
Charleston Comorbidity score, median (IQR) 1(0,2) 1(0,2)

Elixhauser Comorbidities

Heart failure, n (%) 70(28.9) 167 (47.7)
Arrhythmia, n (%) 70(28.9) 157 (44.9)
Valve, n (%) 34(14.1) 62(17.7)
Pulmonary vascular, n (%) 15(6.2) 27(7.7)
Peripheral vascular disease, n (%) 22(9.1) 43(12.3)
Hypertension simple, n (%) 137 (56.6) 183(52.3)
Hypertension complex, n (%) 21(8.7) 71(20.3)
Other neurological, n (%) 18 (7.4) 61(17.4)
COPD, n (%) 91 (36.6) 132 (37.7)
Diabetes mellitus, n (%) 40 (16.5) 54 (15.4)
Diabetes mellitus complicated, n (%) 8(3.3) 27(7.7)
Hypothyroidism 47(19.4) 60 (17.1)
Chronic kidney disease, n (%) 19(7.9) 64(18.3)
Liver, n (%) 8(3.3) 22 (6.3)
Rheumatoid arthritis/collagen, n (%) 15(6.2) 20(5.7)
Coagulopathy, n (%) 5(2.1) 25(7.1)
Obesity, n (%) 28(11.6) 50 (14.3)
Weight loss, n (%) 11(4.6) 29(8.3)
Fluid and electrolyte disorder, n (%) 48(19.8) 150 (42.9)
Alcohol abuse, n (%) 20(8.3) 24(6.9)
Drug abuse, n (%) 18 (7.4) 35(10.0)
Depression, n (%) 69 (28.5) 103 (29.4)

Yearly trends, n (cases per year)

2010 23 31
2011 33 21
2012 32 26
2013 30 52
2014 33 37
2015 42 65
2016 49 118

Reliability measures

No documentation to support clinical diagnosis of stress cardiomyopathy, n (%) 0(0) 12 (3.4)
Chronic cases without active manifestation of stress cardiomyopathy, n (%) 5(2.1) 33(9.4)
Total number of cases with new and valid diagnosis of stress cardiomyopathy, n (%) 237(97.9) 305 (87.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; ICD, International Classification of Diseases; IQR, interquartile range.
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TABLE 2. Comparison of Guideline Diagnostic Criteria for Stress Cardiomyopathy with Their Availability at the Time

of Hospital Discharge

Revised Mayo Clinic

Diagnostic Criteria Criteria
Presence of typical regional wall motion abnormalities (RWMA) +
New EKG finding +
Changes in biomarkers +
Resolution of RWMA +
Absence of obstructive CAD (cardiac catheterization) +
Absence of myocarditis +
Absence of pheochromocytoma +

International Takotsubo

ESC Heart Failure Available at Time

Registry (InterTAK) Association of Hospital Discharge?
+ + Yes
+ + Yes
+ + Yes
+ + Rarely
+ Inconsistently available
+ - Rarely

Rarely

Abbreviations: CAD, coronary artery disease; EKG, Electrocardiogram; ESC, European Society of Cardiology; InterTAK, International Takotsubo Registry; RWMA: regional wall motion abnormality

es. Moreover, because of the need to document resolution
of wall motion abnormalities, essentially no patients met the
research-grade diagnostic criteria at the time of hospital dis-
charge. Although this increases our confidence in the results of
past studies, it also provides some caution to researchers who
may use these codes in the future.
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