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Abstract

Aims Although some peripartum-associated cardiomyopathy patients present with features that are clinically and
echocardiographically similar to those of takotsubo cardiomyopathy (TCM), little is known about the diagnosis and clinical
course of peripartum TCM.

Methods and results In a tertiary hospital in Seoul, Korea, we searched the hospital database to find cardiomyopathy cases
that were associated with pregnancy from January 1995 to May 2019. Applying the published diagnostic criteria, we sought
peripartum cardiomyopathy (PPCM) and peripartum TCM patients for comparison. Of 31 pregnancy-associated cardiomyopa-
thy patients, 10 cases of peripartum TCM and 21 cases of PPCM were found. Maternal near-miss death was significantly more
common in the peripartum TCM group than in the PPCM group (100.0% vs. 57.1%, P = 0.030). Complete recovery was ob-
served with all peripartum TCM cases, while 23.8% of the PPCM cases had residual left ventricular dysfunction. One death
and one heart transplantation occurred in the PPCM group, while neither occurred in the peripartum TCM group. There
was no difference between the two groups in terms of the rate of major adverse clinical events at 3 years of follow-up [PPCM
group: 26.3% (5/19) vs. TCM group: 33.3% (3/9), P = 0.750].

Conclusions One-third of pregnancy-associated cardiomyopathy patients had peripartum TCM. With contemporary support-
ive care, both PPCM and peripartum TCM patients had a low mortality rate and excellent long-term outcomes.
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Introduction

Peripartum cardiomyopathy (PPCM) is a potentially
life-threatening cardiac disease of the peripartum period,
which is still poorly understood in terms of pathogenesis.
Haemodynamic stresses during the peripartum period, myo-
cardial inflammation, and prolactin-mediated vascular injury
have been suggested as possible causes of PPCM.> PPCM s
a diagnosis of exclusion. The current definition of PPCM by
the European Society of Cardiology’s working group on PPCM
is an idiopathic cardiomyopathy presenting with heart failure

secondary to left ventricular (LV) systolic dysfunction towards
the end of pregnancy or in the months following delivery,
where no other cause of heart failure is found.? Other cardio-
myopathies that occur peripartum should be excluded to es-
tablish the diagnosis of PPCM.

Takotsubo cardiomyopathy (TCM) is a syndrome with se-
vere LV dysfunction and the characteristic echocardiographic
finding of apical ballooning, often triggered by emotional or
physical stress, which should be considered as a differential
diagnosis of heart failure during peripartum.>* Some mor-
phological variants of mid-ventricular and basal ballooning
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were reported.® Alpha-adrenergic and beta-adrenergic stimu-
lation and myocardial stunning and coronary vasospasm have
been proposed to contribute to the pathogenesis of TCM. La-
bour pains and surgical stress, which accompany delivery,
may contribute to the development of TCM during the peri-
partum period. Recently, there have been several case re-
ports of peripartum TCM.*®7 Distinguishing PPCM from
TCM or stress-induced cardiomyopathy during the peripar-
tum period has been a diagnostic challenge as the two dis-
ease entities share similar clinical features. Even though
Citro et al. suggested in their review of case reports that
TCM patients have sudden onset of symptoms immediately
after delivery and earlier LV function recovery compared with
PPCM patients, it still remains unclear whether peripartum
TCM has different clinical characteristics and outcomes when
compared with PPCM. We conducted a retrograde chart au-
dit in a single centre to compare the clinical characteristics
and outcomes of peripartum TCM and PPCM patients.

Methods
Study setting and study subjects

We searched for the diagnostic codes of PPCM, or idiopathic
dilated cardiomyopathy, limiting the search to women be-
tween the ages of 18 and 50 years, from January 1995 to
May 2019. PPCM was defined as idiopathic cardiomyopathy
during the last month of pregnancy or within 5 months after
delivery, with an LV ejection fraction (EF) <45%.% Those who
had significant valvular heart disease other than tethering mi-
tral regurgitation, previous prosthetic valve surgery, rheu-
matic heart disease, other known cardiomyopathy
syndromes, pheochromocytoma, and acute coronary syn-
drome were excluded.

Peripartum TCM was defined as when a patient had tran-
sient regional wall motion abnormalities (RWMAs) that ex-
tended beyond a single epicardial vascular distribution
during the last month of pregnancy or within 5 months after
delivery, with either electrocardiographic abnormalities or
modest cardiac troponin elevation, according to Mayo clinic
criteria.® Exclusion criteria for peripartum TCM were proven
acute coronary syndrome, significant valvular heart disease,
previous valve surgery, rheumatic heart disease, other known
cardiomyopathy syndromes, pheochromocytoma, and
myocarditis.

Echocardiographic data were obtained according to the
guidelines of the American Society of Echocardiography.
LV end-diastolic diameters and LV end-systolic diameters
were measured by two-dimensional (2D) at parasternal
long-axis view. LV EF (LVEF) was determined by modified
Simpson’s method or linear measurement from 2D images.
The presence of right ventricular (RV) dysfunction was

determined by visual assessment on 2D echocardiography.
Echocardiography results for all included patients were
blindly reviewed by two cardiologists (D-Y. K. and S. R. K).

Clinical outcome measurement

Clinical outcomes measured were mortality before 3 year
follow-up, early echocardiographic recovery, near-miss death
(NMD), and major adverse cardiac event (MACE). Early echo-
cardiographic recovery was defined as when the follow-up
LVEF returns to normal range (>55%) within 1 month.** LVEF
55% or above was counted as complete recovery at any time
of period during follow-up. NMD was defined as described by
the World Health Organization Working Group on Maternal
Mortality and Morbidity Classifications.>®*® The causes of se-
vere maternal morbidity are divided into seven categories as
follows: (i) cardiac dysfunction: shock, cardiac arrest (absence
of pulse/heart beat and loss of consciousness), use of contin-
uous vasoactive drugs, cardiopulmonary resuscitation, severe
hypoperfusion (lactate >5 mmol/L or >45 mg/dL), or severe
acidosis (pH < 7.1); (ii) respiratory dysfunction: acute cyano-
sis, gasping, severe tachypnoea (respiratory rate >40 breaths
per minute), severe bradypnoea (respiratory rate <6 breaths
per minute), intubation and ventilation not related to anaes-
thesia, or severe hypoxaemia (O, saturation <90% for
>60 min or PAO,/FiO, < 200); (iii) renal dysfunction: oliguria
non-responsive to fluids or diuretics, dialysis for acute renal
failure, or severe acute azotaemia (creatinine >300 umol/L
or >3.5 mg/dL); (iv) coagulation/haematological dysfunction:
failure to form clots, massive transfusion of blood or red cells
(>5 units), or severe acute thrombocytopenia (<50 000
platelets/mL); (v) hepatic dysfunction: jaundice in the pres-
ence of pre-eclampsia or severe acute hyperbilirubinaemia
(bilirubin >100 pmol/L or >6.0 mg/dL); (vi) neurological dys-
function: prolonged unconsciousness (lasting >12 h)/coma
(including  metabolic coma), stroke, uncontrollable
fits/status epilepticus, or total paralysis; and (vii) uterine dys-
function: uterine haemorrhage or infection leading to
hysterectomy.?> MACE was defined as death, heart transplan-
tation, pulmonary thromboembolism, the need for circula-
tory support, or stroke. The Samsung Medical Center
Institutional Review Board approved this study.

Statistical analysis

Demographic and clinical data, echocardiographic findings,
and clinical outcomes were presented using standard descrip-
tive statistics. Clinical data were compared between PPCM
and peripartum TCM. Data were shown as number,
mean + standard deviation, percentage, or frequency. Nomi-
nal variables were compared using Fisher’s exact test. Contin-
uous variables with normal distribution were analysed using
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Student’s t-test for comparison. Continuous variables with
non-normal distribution were presented with medians and
inter-quartile and compared by Wilcoxon rank-sum test.
Kaplan—Meier survival curves were drawn to compare the
survival rates of the PPCM group and the peripartum TCM
up to 3 years after the diagnosis. Binary logistic regression
was performed to determine the independent predictors for
early echocardiographic recovery within 1 month of diagnosis
of PPCM or peripartum TCM. A P value <0.05 was considered
statistically significant. All statistical analysis was performed
with IBM SPSS statistical software (version 25.0 for windows,
SPSS, Inc., Chicago, IL).

Results
Patient population

Forty-nine cases with cardiomyopathy associated with preg-
nancy were collected according to the diagnostic codes. Of
these, 12 cases appeared to have other apparent causes of
heart failure, such as significant valvular heart disease, con-
genital heart disease, chronic renal failure, pheochromocy-
toma, or other cardiomyopathy syndromes. Six additional
patients did not meet the echocardiographic diagnostic
criteria of either PPCM or peripartum TCM. Finally, 31 pa-
tients with pregnancy-associated cardiomyopathy were in-
cluded (Figure I1). Ten patients had ballooning of LV.
Diagnosis could not be agreed upon by the two cardiologists
with regard to the ballooning morphology of three patients
with RWMA. Eighteen patients had global hypokinesia. Of
the 31 patients, 10 patients with ballooning (10/31, 32.30%)
fulfilled the diagnostic criteria of peripartum TCM, while 21
patients (21/31, 67.74%) were diagnosed with PPCM.

Clinical characteristics and clinical outcomes

The mean age was 31.7 (+4.6) years with no significant differ-
ence in age between the two groups. The median onset after
delivery for PPCM and peripartum TCM occurred was 0.0
(inter-quartile 5.0) days and 1.0 (inter-quartile 5.0) days, re-
spectively (Table 7). While 14.3% of the PPCM patients
started to have symptoms before delivery, none of the peri-
partum TCM patients were symptomatic before delivery. Of
the 10 patients with peripartum TCM, those who underwent
caesarean section had a shorter mean number of days to on-
set than did those who had vaginal delivery, although this dif-
ference was not statistically significant (7/10, 1.3 2.1 days
vs. 3/10, 20.0 + 3.2 days, P = 0.41).

There was no significant difference in serum creatinine,
haemoglobin, N-terminal pro-B-type natriuretic peptide, cre-
atinine kinase muscle/brain isoenzyme, or cardiac troponin |
level at the time of admission, between the PPCM group
and the peripartum TCM group (Table 1). Twin pregnancy
was common in both groups (38.1% in PPCM and 50.0% in
peripartum TCM, P = 0.701). History of infertility treatment,
such as in vitro fertilization, intrauterine insemination, or ovu-
lation induction, was more common among PPCM patients
than among peripartum TCM patients, without statistical sig-
nificance (42.9% vs. 20.0%, P = 0.262). Caesarean section was
common in both groups (71.4% in PPCM vs. 70.0% in peripar-
tum TCM, P = 1.000). While all of the patients in the peripar-
tum TCM group completely recovered, 23.8% of the PPCM
group had residual myocardial dysfunction. Overall, 41.9%
of the patients in this study needed mechanical ventilation
apart from general anaesthesia. Four patients (19.0%) in the
PPCM group and one patient (10.0%) in the peripartum
TCM group underwent extracorporeal membrane oxygena-
tion (ECMO). One patient in the PPCM group had heart

Figure 1 Inclusion of patients. LV, left ventricle; PPCM, peripartum cardiomyopathy; RWMA, regional wall motion abnormality; TCM, takotsubo

cardiomyopathy.
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Table 1 Demographic and clinical characteristics

All subjects (N = 31) PPCM (N = 21)  Peripartum TCM (N = 10) P value

Age (years) 31.7(4.6) 32.0 (4.9) 31.3(3.8) 0.716
Median onset (days after delivery)® 0.5 (5.0) 0.0 (5.0) 1.0 (5.0) 0.840
SBP 126.3 (27.6) 122.6 (27.6) 134.2 (27.4) 0.280
DBP 83.0 (21.7) 80.8 (23.3) 87.7 (18.0) 0.417
Heart rate 106.5 (23.7) 105.7 (20.9) 108.3 (29.9) 0.782
NYHA class
1=l 4(12.9) 4 (19.0) 0 (0.0) 0.277
-1V 27 (87.1) 17 (81.0) 10 (100.0)
Medications
ACEI/ARB 19 (61.3) 11 (52.4) 8 (80.0) 0.240
Beta blocker 14 (45,2) 7 (33.3) 7 (70.0) 0.121
Loop diuretics 22 (71.0) 14 (66.7) 8 (80.0) 0.677
Aldosterone antagonist 8 (25.8) 5(23.8) 3 (30.0) 1.000
Inotropics 9 (29.0) 7 (33.3) 2 (20.0) 0.677
Onset before delivery 3(9.7) 3(14.3) 0 (0.0) 0.172
Onset within 1 month after delivery 26 (83.9) 17 (81.0) 9 (90.0)
Onset beyond 1 month after delivery 1(3.2) 0 (0.0) 1(10.0)
Not recorded 1(3.2) 1(4.8) 0 (0.0)
Serum creatinine” (mg/dL) 0.84 (0.83) 0.98 (0.90) 0.69 (1.23) 0.583
Haemoglobin (g/dL) 10.94 (2.25) 10.83 (2.11) 11.15 (2.63) 0.744
NT-proBNP (pg/mL) 8801.70 (7903.21) 8819.29 (8763.93) 8762.13 (6044.94) 0.985
CK-MB (ng/mL)a 4.20 (4.28) 3.12(12.83) 5.16 (12.73) 0.192
Tnl (ng/mL)* 0.38 (1.36) 0.18 (2.39) 1.21(1.13) 0.270
Twin 13 (41.9) 8 (38.1) 5 (50.0) 0.701
Multipara 10 (32.3) 7 (35.0) 3 (30.0) 1.000
Pre-eclampsia 10 (32.3) 5(23.8) 5 (50.0) 0.222
HELLP syndrome 2 (6.5) 0 (0.0) 2 (20.0) 0.097
GDM 1(3.2) 1(4.8) 0 (0) 1.000
IVF 8 (25.8) 7 (33.3) 1(10.0) 0.222
U1 2 (6.5) 1(4.8) 1(10.0) 1.000
Ovulation induction 1(3.2) 1(4.8) 0 (0.0) 1.000
All infertility treatment 11 (35.5) 9 (42.9) 2(20.0) 0.262
Caesarean section 22 (71.0) 15 (71.4) 7 (70.0) 1.000
DIC 4(12.9) 2 (9.5) 2 (20.0) 0.577
Bleeding complications 8 (25.8) 4 (19.0) 4 (40.0) 0.381
Uterine embolization 5(16.2) 2 (9.5) 3 (30.0) 0.296
TAH 5(16.2) 3(14.2) 2 (20.0) 1.000
Ventilator 13 (41.9) 8 (38.1) 5 (50.0) 0.701
ECMO 5(16.2) 4 (19.0) 1(10.0) 1.000
Early recovery within 1 month 16 (51.6) 9 (42.8) 7 (70.0) 0.252
Full recovery 26 (83.9) 16 (76.2) 10 (100.0) 0.147
Near-miss death (NMD)
All causes 22 (71.0) 12 (57.1) 10 (100.0) 0.030
Cardiac 11 (35.4) 8 (38.1) 3 (30.0) 1.000
Respiratory 10 (32.3) 5(23.8) 5 (40.0) 0.222
Renal 0 (0.0) 0 (0.0) 0 (0.0) NC
Haematological 6(19.4) 2 (9.5) 4 (40.0) 0.067
Hepatic 0 (0.0) 0 (0.0) 0 (0.0) NC
Neurological 2 (6.4) 1(4.8) 1(10.0) 1.000
Uterine dysfunction 7 (22.6) 3(14.2) 4 (40.0) 0.172
Mortality 1/28 (3.6) 1/19 (5.3) 0/9 (0.0) 1.000
Heart transplantation 1/28 (3.6) 1/19 (5.3) 0/9 (0.0) 1.000
Adverse event (HT, death, PTE, ECMO, LVAD, and stroke) 8/28 (28.6) 5/19 (26.3) 3/9(33.3) 0.750
3 year survival (HT-free and death-free) 26/28 (92.8) 17/19 (89.5) 9/9 (100.0) 0.324

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CK-MB, creatinine kinase muscle/brain; DBP, diastolic
blood pressure; DIC, disseminated intravascular coagulation; ECMO, extracorporeal membrane oxygenation; GDM, gestational diabetes
mellitus; HELLP, haemolysis, elevated liver enzymes, and low platelet; HT, heart transplantation; IUl, intrauterine insemination; IVF,
in vitro fertilization; LVAD, left ventricular assist device; NC, not calculated; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA,
New York Heart Association; PPCM, peripartum cardiomyopathy; PTE, pulmonary thromboembolism; SBP, systolic blood pressure; TAH,

transabdominal hysterectomy; TCM, takotsubo cardiomyopathy; Tnl, troponin I.

Normally distributed continuous variables are expressed as means with standard deviation in brackets; non-normally distributed contin-
uous variables as medians with inter-quartile in brackets; and all others represent numbers of patients with values in brackets representing

percentages.

“non-normally distributed continuous variables.
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transplantation after bridging mechanical circulatory support
(MCS) with ECMO and subsequent LV assist device. There was
no immediate in-hospital mortality. One death occurred in
the PPCM group on long-term follow-up at 21 months after
delivery, while no deaths were reported in the peripartum
TCM group (Table 1). The heart transplantation/death-free
survival rates for the PPCM and peripartum TCM groups at
3 years were 89.5% and 100.0%, respectively. There was no
significant difference in MACE at 3 years of follow-up be-
tween the two groups [26.3% (5/19) in the PPCM group
and 33.3% (3/9) in the TCM group, P = 0.750] (Figure 2).

Overall prevalence of NMD in the study subjects was
71.0%. Maternal NMD was significantly more common in
the peripartum TCM group than in the PPCM group (100.0%
vs. 57.1%, respectively, P = 0.030). Haematological dysfunc-
tion and uterine dysfunction were numerically more common
in the peripartum TCM group. Cardiac dysfunction was the
most common cause of severe maternal morbidity, followed
by respiratory, uterine, haematological, and neurological dys-
functions (Table 1).

Echocardiographic findings

The mean LVEF of the study subjects was 30.7 + 8.0%. The
PPCM group and the peripartum TCM group had similar
values for LV end-diastolic dimension (LVEDD), LV
end-systolic dimension (LVESD), and LVEF. Of the 10 peripar-
tum TCM patients, five cases with apical-type, two cases with
mid-type, and three cases with basal-type ballooning were
noted (Table 2).

Binary logistic regression showed that an EF > 30% inde-
pendently predicted early echocardiographic recovery within
1 month after the diagnosis of PPCM or peripartum TCM
(odds ratio 331.33, 95% confidence interval 3.865—
28 402.597, P = 0.011), when EF > 30%, RV dysfunction, bal-
looning morphology in echocardiography, age <30 years,
pre-eclampsia, caesarean section, twin pregnancy, multipara,

and ventilator use were taken as independent variables (Ta-
ble 3).

Discussion

Our study is a hospital-based retrospective study of
pregnancy-associated cardiomyopathy cases that compared
the clinical characteristics and long-term outcomes of PPCM
and peripartum TCM. Distinguishing peripartum TCM from
PPCM is a diagnostic challenge as the two disease entities
share similar clinical features. Differential diagnosis usually
relies on echocardiography, as there is no other useful diag-
nostic test in clinical practice. Echocardiographic findings of
TCM may vary in terms of the involved areas and extent
and might be less appreciable.® Differentiating RWMA and
global hypokinesia is often difficult and associated with inter-
observer variation. In our study, two cardiologists could not
reach the same conclusion on the diagnosis of either balloon-
ing or global hypokinesia for three patients with wall motion
abnormalities. We accepted only typical ballooning cases as
peripartum TCM with the agreement of two cardiologists. In
our study, one-third (32.3%, 10/31) of the
pregnancy-associated cardiomyopathy patients were peripar-
tum TCM cases. Yang et al.* recently published retrospective
series of 37 patients with peripartum-associated cardiomyop-
athy, which showed that 43.0% (16/37) of them had peripar-
tum TCM that is comparable with our data. On unadjusted
analysis, the study showed that 100% (16/16) of the peripar-
tum TCM group and 59% (10/21) of PPCM had early complete
recovery with LVEF 50% or above in a month. The peripartum
TCM group had significantly higher LVEF than the PPCM
group at follow-up echocardiography 1 month after diagno-
sis. In our study, 70.0% (7/10) of peripartum TCM and
42.8% (9/21) of the PPCM group had early complete recovery
in a month. Notably, LVEF 55% or above was considered as
complete LV function recovery in our study, which may lead
to lower complete recovery rate, compared with the report

Figure 2 Kaplan—Meier survival curves for death/heart transplantation (HT)-free survival and cumulative adverse events (death, HT, pulmonary throm-
boembolism, requirement of circulatory supports, and stroke). PPCM, peripartum cardiomyopathy; TCM, takotsubo cardiomyopathy.
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Table 2 Echocardiographic data of PPCM and peripartum TCM patients

All subjects (N = 31) PPCM (N = 21) Peripartum TCM (N = 10) P value
LVEDD (mm) 56.2 + 5.57 57.3 £ 6.0 53.6 + 3.6 0.083
LVESD (mm) 47.6 £ 6.1 48.7 £ 6.5 45.0 £ 4.2 0.215
EF (%) 30.7 £ 8.0 30.3 £ 8.6 31.8 £ 6.9 0.540
EF > 30% 9 (29.0) 7 (33.3) 2 (20.0) 0.677
RV dysfunction 4(12.9) 2 (9.5) 2 (20.0) 0.577
Ballooning type N/A
Apical N/A N/A 5 (50.0)
Mid 2 (20.0)
Basal 3 (30.0)

EF, ejection fraction; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; N/A, not applicable;
PPCM, peripartum cardiomyopathy; RV, right ventricular; TCM, takotsubo cardiomyopathy.
Continuous variables are expressed as means with standard deviation in brackets; all others represent numbers of patients with values in

brackets representing percentages.

Table 3 Binary logistic regression (predictors for early echocardiographic recovery within 1 month)

Independent variables Odds ratio 95% confidence interval P value
EF > 30% 331.33 3.865 28 402.597 0.011
RV dysfunction 43.525 0.337 5623.905 0.128
Ballooning 7.107 0.284 177.561 0.232
Younger age (<30 years) 0.007 0.000 0.632 0.031
Pre-eclampsia 0.084 0.003 2.103 0.131
Caesarean section 5.443 0.229 129.194 0.294
Twin 0.214 0.006 8.095 0.405
Multipara 10.783 0.278 418.963 0.203
Ventilator use 0.934 0.08 10.878 0.956

EF, ejection fraction; RV, right ventricular.

of Yang et al. In the Investigations of Pregnancy-Associated
Cardiomyopathy (IPAC) study, complete recovery was de-
fined by LVEF 50% or above, which may include partial recov-
ery, while Haghika et al. used a stricter definition of EF 55% or
above as complete recovery like our study.****

The time frame of PPCM is under debate. National Heart
Lung and Blood Institutes and the Office of Rare Diseases de-
fined PPCM as idiopathic cardiomyopathy during the last
month of pregnancy or within 5 months after delivery.® Sliwa
et al.? argued that this definition may lead to under-diagnosis
and the time frame of diagnosis should be extended up to
‘the months following delivery’, in spite of its ambiguity. We
used the classical definition by National Heart Lung and Blood
Institutes and the Office of Rare Diseases. In our study, 93.6%
(29/31) of peripartum-associated cardiomyopathy occurred
during 1 month prepartum and within 1 month
post-partum. Only one patient with peripartum TCM (3.2%,
1/31) presented 1 month after delivery.

There are several potential mechanisms that may precipi-
tate TCM during the peripartum period. First, pain during la-
bour or caesarean section, anxiety, emotional stress,
bleeding, and hypovolaemia are frequently encountered dur-
ing the peripartum period and may induce a catecholamine
surge, which is believed to cause myocardial dysfunction in
TCM.**%7 Second, oestrogen may play a role in protecting
myocardium in stress, and suddenly lowered oestrogen levels

after delivery may make the myocardium more susceptible to
the catecholamine surge.'® TCM is strikingly more common
among women, particularly after menopause.*® In several an-
imal studies, chronic oestrogen replacement attenuated car-
diac dysfunction induced by stress.!®?° Peripartum TCM
presented exclusively after delivery in our study, which may
support the role of oestrogen withdrawal in the development
of peripartum TCM.

The median number of days from delivery to onset of
symptoms was 0.0 (inter-quartile 5.0) days in the PPCM
group and 1.0 (inter-quartile 5.0) days in the peripartum
TCM group in our study (Table 1). Citro et al.® reviewed 15
case reports of peripartum TCM and showed that the major-
ity of patients (87%, 13/15) underwent an elective caesarean
section at term and developed symptoms immediately after
surgery, while the two cases with vaginal delivery had compa-
rably delayed onset (17 and 40 days post-partum). Our study
also showed that patients with peripartum TCM who
underwent caesarean section tended to have a shorter mean
time to onset than those who had vaginal delivery (7/10,
1.29 + 2.14 days vs. 3/10, 20.00 + 31.19 days, P = 0.41). This
finding suggests that surgical stress during caesarean section
may play an important role in developing peripartum TCM.
The three peripartum TCM patients with vaginal delivery
had onset of symptoms on 1, 3, and 56 days post-partum,
with a wide range of deviation in our study. Therefore,
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delayed onset should not be a reason to exclude the diagno-
sis of peripartum TCM when a patient has vaginal delivery.
The reason for delayed onset of peripartum TCM after vaginal
delivery is not clearly understood. In our study, the patient
with delayed onset peripartum TCM had massive uterine
bleeding due to uterine arteriovenous malformation one
and a half months after vaginal delivery, which may explain
the late presentation.

Citro et al.?® indicated that PPCM was associated with a
worse outcome compared with peripartum TCM. Contrarily,
complete recovery is a rule in TCM.® In our study, the PPCM
group had one case of mortality and one case of heart trans-
plantation at long-term follow-up, and 23.8% had residual
myocardial dysfunction, while the entire peripartum TCM
group experienced complete recovery with no mortality (Ta-
ble I1). Differences in mortality and MACE at long-term
follow-up failed to reach statistical significance, most likely
due to the small sample size and relatively low event rate in
our study.

Maternal mortality rate is one of the poorest performing
health indicators.®®> Maternal death is an important adverse
clinical event, but it is less useful in terms of measuring qual-
ity of care in health facilities where maternal death is not
common. There is growing interest and evidence that the
near-miss concept may improve the quality of obstetrical
care.”!

The mortality rate of PPCM varies greatly across reports. In
one study in South Korea, the in-hospital mortality rate of
PPCM was as low as 1.0%.%? Fett et al.”® reported a mortality
rate of 15.3% at 5 years of follow-up in Haiti. A statewide
population-based study in North Carolina showed that the
overall 7 year mortality rate was 16.5%, with a four-fold
higher mortality rate among Black non-Hispanic women than
White women.?* One prospective multicentre registry in
North America®® reported a mortality rate of 4.3% (4/91) at
12 months. LVEF < 30% was associated with an increase in
adverse events.

In North America, the prevalence of maternal NMD in the
general population is 1.38%.%" In our study, 71.0% of the pa-
tients with pregnancy-associated cardiomyopathy fulfilled the
World Health Organization criteria of NMD. However, even
with a relatively high prevalence of NMD, the mortality rate
of PPCM and peripartum TCM at 3 years was as low as
4.8% and 0.0%, respectively (Table I).

In our study, the peripartum TCM group was associated
with a higher prevalence of NMD, compared with the PPCM
group (100.0% vs. 57.1%, P = 0.030) (Table 1). This finding
supports the theory that co-morbidities might have led to
the catecholamine surge and peripartum TCM. In spite of
the higher prevalence of NMD, there were no mortalities
and no permanent LV dysfunction in the peripartum TCM
group.

There were several case reports of cardiogenic shock due
to PPCM treated with MCS.%>%® Sieweke et al.?® reported five

cases of PPCM patients with cardiogenic shock. Bromocrip-
tine was given alongside MCS. There were no deaths at
30 days of admission. Bouabdallaoui et al. performed
veno-arterial ECMO for 10 PPCM patients with cardiogenic
shock. Prompt central cannulation was performed for five
patients afterwards. Five patients died, three patients re-
covered, and two patients survived after heart
transplantation.?” In our study, 19.0% of the PPCM group
and 10.0% of the peripartum TCM group went through
MCS due to cardiogenic shock. None of them had bromo-
criptine therapy. Of the five patients who underwent
ECMO, no deaths were reported. One patient had heart
transplantation. Notably, in one meta-analysis, MCS did
not reduce mortality for patients with cardiogenic shock
complicating acute myocardial infarction, in spite of the
early beneficial effect on mean arterial pressure and arterial
lactate level.?” The wide gap in outcomes after MCS in dif-
ferent reports suggests that patient selection, timing of
MCS, and quality of care may affect the management of
cardiogenic shock due to PPCM. A study reported that
high-sensitivity troponin T predicted cardiogenic shock re-
quiring MCS after cardiac valve surgery.® However, until
now, there are no data in regard to biomarkers predicting
the need of MCS in PPCM patients. Further study is needed
to determine the role of ECMO and prognostic predictors
for the management of cardiogenic shock with
pregnancy-associated cardiomyopathy.

In the PPCM and peripartum TCM groups, 38.1% and
50.0%, respectively, received mechanical ventilation not re-
lated to anaesthesia (Table 1). Our study subjects repre-
sented critically ill patients in a tertiary centre. Meticulous
medical care including timely utilization of MCS may have
prevented maternal death in the critically ill patients in our
study.

Binary logistic regression showed that EF 30% or above
predicted early complete recovery with EF 55% or above,
while 95% confidence interval was wide in our study (Table
3). Other variables such as RV dysfunction, ballooning mor-
phology in  echocardiography, age <30 vyears,
pre-eclampsia, caesarean section, twin  pregnancy,
multipara, and ventilator use did not reach statistical signif-
icance to predict early complete recovery in our study ei-
ther. In the IPAC cohort, EF < 30% and LVEDD > 6.0 cm
were independent predictors of poor LV function recovery,
the need of mechanical support, and death.*® RV dysfunc-
tion measured by fractional area change predicted poor
LV function recovery, t00.° Pre-eclampsia and eclampsia
were associated with the higher rate of LV function recov-
ery in a Japanese study, while this finding was not consis-
tent in the IPAC study.’®3° Even though EF 30% or above
predicted early complete recovery in our study, 95% confi-
dence interval was too wide to confirm this observation. A
larger study should be performed to find independent pre-
dictors of early LV function recovery.
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Limitations

First, our study was inadequately powered because of small
number of patients and low event rate. Power analysis using
general linear model showed that the power of our study to
detect the difference of composite clinical outcome was
60.8%, when EF, LVEDD, age, pre-eclampsia, multipara, twin,
ventilator use, caesarean section, and RV dysfunction were
taken as co-variables. Second, the clinical features depicted
in this study cannot be generalized because our subjects
may represent severe cases in a tertiary centre. A larger
multicentre study is warranted to better understand the clin-
ical characteristics of both PPCM and peripartum TCM. Third,
the diagnosis of PPCM and peripartum TCM relied on echo-
cardiography in our study. Interobserver variation of echocar-
diography should be considered when interpreting our data.

Conclusions

One-third of pregnancy-associated cardiomyopathy patients
had peripartum TCM. Peripartum TCM was more commonly
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