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Abstract: Takotsubo syndrome (TTS) during the peripartum period is a relevant cause of morbidity
in this population; its clinical course and prognosis, compared to the general TTS population, is yet
to be elucidated. Our aim was to analyze the clinical features and prognosis of peripartum TTS in a
nationwide prospective specifically oriented registry database and consider the published literature.
Peripartum TTS patients from the prospective nationwide RETAKO registry—as well as peripartum
TTS patients from the published literature—were included, and multiple comparisons between
groups were performed in order to assess for statistically and clinically relevant prognostic differences
between the groups. Patients with peripartum TTS exhibit a higher prevalence of secondary forms,
dyspnea, atypical symptoms, and echocardiographic patterns, as well as less ST-segment elevation
than the general TTS population. In the literature, patients with peripartum TTS had a higher Killip
status on admission. TTS during the peripartum period has a higher prevalence of angina and
dyspnea, as well as physical triggers, neither of which are related to a worse prognosis. Killip status
on admission was higher in the literature for patients with TTS but with excellent mid- and long-term
prognoses after the acute phase, despite mostly being secondary forms.
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1. Introduction

Takotsubo syndrome (TTS) is characterized by transient left ventricular (LV) dysfunc-
tion, often triggered by emotional or physical stress. It was first described in Japan in 1990
and [1] it is known to mainly affect postmenopausal women.

Nevertheless, TTS after cesarean delivery was first reported in 2008 by Muller et al. [2]
and, thereafter, some peripartum cases have been reported. Labor pains and surgical
stress, which accompany delivery, may contribute to the development of TTS during the
peripartum period [3]. In the postpartum period, estrogen levels may be depleted abruptly
because of placenta expulsion. In addition, delivery is linked to intense emotional and
physical stress, which may lead to a catecholamine surge. The reduced estrogen levels
might make the myocardium more susceptible to the catecholamine surge [1].

TTS differential diagnosis in pregnancy includes pulmonary embolism, spontaneous
coronary artery dissection (SCAD), coronary artery spasm, ischemic obstructive coronary
artery disease, and peripartum cardiomyopathy (PPCM). To date, large retrospective
databases [1,3] have focused on comparing peripartum TTS with PPCM but there are no
prospective TTS registries assessing the differences between TTS during pregnancy and the
puerperium period compared to the standard presentation of this disease.

Thus, our aim was to analyze the clinical features and prognosis of peripartum TTS in
a nationwide prospective specifically oriented registry database, considering the published
literature to date.

2. Material and Methods

This study complied with the Declaration of Helsinki and was approved by the Institu-
tional Ethics Committee of the coordinator center. All patients provided informed consent.

2.1. Review Methods

For our study, inclusion criteria were set prior to the literature search and only publi-
cations in English were included [4]. Peripartum TTS was defined as such when a patient
had transient regional wall motion abnormalities (RWMAs) that extended beyond a single
epicardial vascular distribution (e.g., apical, basal, or midventricular ballooning) during
pregnancy or within 5 months after delivery, with either electrocardiographic abnormalities
or modest cardiac troponin elevation, without coronary artery disease (excluded either with
coronary angiography or cardiac CT scan) according to Mayo clinic criteria [5]. Exclusion
criteria for peripartum TTS include: proven acute coronary syndrome, SCAD, significant
valvular heart disease, previous valve surgery, rheumatic heart disease, other known car-
diomyopathy syndromes, and pheochromocytoma or myocarditis [3]. Figure 1 describes
the flowchart summarizing the review methodology. A detailed description of the review
methods can be found in the Supplementary Material.

2.2. Registry Data and Study Definitions

The comparisons were based on data from an ongoing national multicenter TTS
registry (RETAKO), supported by the Ischemic Heart Disease and Acute Cardiovascular
Care Section of the Spanish Society of Cardiology, starting 1 January 2012. Data were
collected at each hospital, anonymized, electronically encrypted, and transferred online
to a central database. Its rationale and design have been previously described [6]. Main
inclusion criteria required a definitive TTS diagnosis based on the modified Mayo Clinic
criteria [5]. Follow-up after hospital discharge was conducted via regular outpatient visits
or telephone interviews with patients or relatives. Follow-up outcomes were pre-specified
and defined as the first nonfatal TTS recurrence and/or the occurrence of all-cause death. If
a pre-specified outcome was observed, review of electronic medical records and consensus
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of 2 experienced local investigators were mandatory for event adjudication. TTS patients
were classified as primary or secondary according to the trigger, with the first consisting of
psychological or unidentifiable triggers, and the latter being either physical or mixed [7].
Killip status on admission was also measured, which consists of a classification system
extensively validated in patients’ myocardial infarctions that divides the patients into 4
groups according to their clinical profile; it helps to predict mortality and guide treatment
decisions, improving patient outcomes [8].
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The following specific comparison levels between groups were carried out (further
details in the results area): (1) The literature peripartum TTS vs. RETAKO general cohort;
(2) RETAKO peripartum TTS vs. the literature peripartum TTS patients; and (3) RETAKO
peripartum TTS vs. young non-peripartum RETAKO female patients (up to 41 years old).
The latter was performed in order to assess for differences between young pregnant and
non-pregnant females with TTS within the RETAKO cohort.

2.3. Statistical Analysis

Clinical data, echocardiographic findings, and clinical outcomes are presented with
standard descriptive statistics—mean ± standard deviation (SD) or median ± interquartile
range (IQR)—when needed. Comparisons between groups were performed using Pearson’s
chi-squared for qualitative variables and Student’s t-test or ANOVA tests when appropriate,
for continuous variables. A 2-tailed p < 0.05 was considered as statistically significant.
Statistical analyses and graphing were performed using Office package 365 (Microsoft,
Redmon, Washington, DC, USA) and SPSS software v25 (IBM, Chicago, IL, USA).

3. Results

Baseline clinical data from both RETAKO peripartum TTS and the literature peripar-
tum TTS are described in Supplementary Table S1. None of the included patients from the
literature peripartum TTS group had cardiovascular complications during their described
follow-up period; in addition, there were no recurrences and/or complications during the
described follow-up for any patient included in this analysis.
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When compared to the RETAKO general cohort, women with peripartum-related TTS
were younger (30.6 vs. 68.1 years; p < 0.001) and less commonly hypertensive (p < 0.001)
and hyperlipidemic (p < 0.001) (Table 1).

Table 1. A comparison between TTS in the general cohort and during the literature peripartum TTS
(of which 32 patients had analyzable data for this table).

Takotsubo Syndrome (RETAKO
General Cohort) (n = 1574)

The Literature Peripartum
Takotsubo Syndrome (n = 32) p Value

Age (years) 68.1 ± 30.6 35 ± 5 <0.001

Female 1355 (86.1%) 31 (100%) 0.172

Hypertension 1015 (67.4%) 4 (12.9%) <0.001

Dislipidaemia 794 (50.5%) 2 (6.5%) <0.001

Diabetes Mellitus 394 (25%) 0 (0%) 0.068

Smoker/Ex-smoker 408 (27.2%) 2 (6.4%) 0.182

Obesity 214 (14.7%) 3 (9.7%) 0.433

TTS Trigger Secondary form 543 (34.5%) 26 (81.3%) <0.001

Symptoms

Angina * 938 (64.3%) 9 (28.1%) <0.001

Dyspnea 762 (41.3%) 23 (76.7%) <0.001

Palpitations 112 (7.6%) 3 (9.7%) 0.065

Syncope 124 (8.4%) 0 (0%) 0.093

In-hospital
complications

Stroke 41 (2.8%) 2 (6.5%) 0.228

Bleeding 49 (3.3%) 1 (3.2%) 0.974

Renal failure 170 (11.6%) 1 (3.2%) 0.146

Maximum
Killip status

I 940 (59.7%) 12 (38.7%) <0.001

II 238 (15.1%) 1 (3.2%)

III 136 (8.6%) 3 (9.7%)

IV 155 (9.8%) 15 (48.4%)

Vasoactive support 189 (30.8%) 15 (53.6%) 0.019

IABP 21 (4.1%) 4 (14.3%) 0.008

MVS 108 (19.5%) 10 (37%) 0.027

LVEF 42.14 ± 11.80 34.93 ± 10.86 0.001

Takotsubo
pattern

Typical 1173 (74.6%) 12 (37.5%) <0.001

Atypical 400 (25.4%) 20 (62.5%) 0.001

ECG
abnormalities

ST-segment elevation 746 (51.9%) 7 (22.6%) 0.001

ST-segment depression 198 (13.9%) 3 (9.7%) 0.503

Initial T-wave inversion 569 (39.8%) 11 (35.5%) 0.623

Follow-up complications 313 (24.2%) 0 (0%) 0.001

Deaths 209 (13.3%) 0 (0%) 0.030

Follow-up 165, 33–353 581, 155–1588 0.001

Follow-up time is expressed as days (median) and interquartile range (IQR). Patients from RETAKO included in
the peripartum group were excluded from RETAKO general population for this analysis. Follow-up complications
were considered a composite between readmissions in cardiology and/or TTS recurrences. Regarding the TTS
pattern, typical forms included apical involvement only, the rest were considered atypical. * Calculated over
1459 with available data on the RETAKO registry. Abbreviations: CP = chest pain; IABP = intra-aortic balloon
pump; LVEF = left ventricular ejection fraction; MVS = mechanical ventilatory support. Percentages are given
over available patients in each group for a certain variable. The form of TTS was more commonly secondary
(p < 0.001) with atypical symptoms such as dyspnea (p < 0.001). The literature peripartum TTS group had a lower
prevalence of ST-segment elevation on the admission ECG (51.9% vs. 22.6%, p < 0.001), whereas T-wave inversion
was equally found in both groups on admission ECG (39.8% vs. 35.5%, p = 0.623).
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The left ventricular ejection fraction (LVEF) was lower in the literature peripartum
TTS group (34.9% vs. 42.4%, p = 0.001) with less prevalence of apical ballooning (37.5%,
p < 0.001) on the echocardiogram and higher incidence of atypical patterns (62.5%, p = 0.001)
when compared to the RETAKO general cohort.

Cardiogenic shock (Killip IV status) during hospital stay was more common in the
literature peripartum TTS group (p < 0.001) with a greater need for vasoactive support,
intra-aortic balloon pump (IABP) support, and mechanical ventilatory support. There were
neither higher cumulative incidences of cardiovascular complications (defined as death,
readmissions in cardiology, and/or TTS recurrences) (24.2% vs. 0%, p = 0.001), nor in
all-cause mortality (13.3% vs. 0%, p = 0.03) in the literature peripartum TTS group during
their follow-up; with a median of 165 days (IQR 33–353) for the peripartum TTS and 581
days (IQR 155–1588) for the RETAKO general cohort.

Comparisons between the RETAKO peripartum TTS and the literature peripartum
TTS populations are depicted in Table 2.

Table 2. Differences between the RETAKO peripartum TTS and the literature peripartum TTS
populations. The comparison included 6 patients from the RETAKO database and 32 from the
literature review.

RETAKO Peripartum
Takotsubo Syndrome (n = 6)

The Literature Peripartum
Takotsubo Syndrome (n = 32) p Value

Age (years) 38.3 ± 2.3 34.2 ± 5.0 0.056

Hypertension 1 (16.7%) 4 (15.4%) 0.938

Dislipidaemia 1 (16.7%) 1 (3.8%) 0.242

Diabetes Mellitus 0 (0%) 0 (0%) n/a

Smoker/Ex-smoker 1 (16.7%) 1 (3.8%) 0.098

Obesity 0 (0%) 4 (15.4%) 0.304

TTS Trigger Secondary form 5 (83.3%) 21 (80.8%) 0.885

Symptoms

Angina 1 (16.7%) 8 (30.8%) 0.489

Dyspnea 5 (100%) 19 (73.1%) 0.197

Palpitations 2 (33.3%) 1 (3.8%) 0.026

Syncope 0 (0%) 0 (0%)

In-hospital
complications

Stroke 1 (16.7%) 1 (3.8%) 0.242

Bleeding 0 (0%) 1 (3.8%) 0.625

Renal failure 1 (16.7%) 0 (0%) 0.034

Embolic events 0 (0%) 0 (0%)

Maximum
Killip status

I 2 (33.3%) 11 (42.3%) 0.016

II 1 (16.7%) 0 (0%)

III 2 (33.3%) 1 (3.8%)

IV 1 (16.7%) 14 (53.8%)

LVEF 38.8 ± 13.6 35 ± 11.2 0.475

TTS pattern Typical 2 (33.3%) 10 (38.5%) 0.815

ECG
abnormalities

ST-segment elevation 0 (0%) 7 (26.9%) 0.15

ST-segment depression 1 (16.7%) 2 (7.7%) 0.497

Initial T-wave inversion 3 (50%) 8 (30.8%) 0.371

Follow-up complications 0 (0%) 0 (0%)

Deaths 0 (0%) 0 (0%)

Follow-up 1353.8 (296.2–2062.7) 131.8 (27.7–180.0) 0.003

Follow-up time is expressed as days (median) and interquartile range (IQR).



J. Cardiovasc. Dev. Dis. 2024, 11, 37 6 of 11

Clinical characteristics were similar between both groups, with palpitations (p = 0.026)
and renal failure (p = 0.034) being slightly more common in the RETAKO peripartum
TTS group. Nevertheless, cardiogenic shock was significantly higher in the literature
peripartum TTS group (53.8% vs. 16.7%, p = 0.016). No differences were found in the
TTS presentation, as secondary forms were more common than primary in both groups
(83.3 vs. 80.8%, p = 0.885); neither in ECG abnormalities on admission, nor in follow-up
complications or deaths (0% in both groups for both variables), with a greater follow-up
in the RETAKO peripartum TTS group compared to the published literature: 1353.8 days
(IQR 296.2–2062.7) vs. 131.8 days (IQR 27.7 vs. 180.0).

Comparisons between the RETAKO peripartum TTS group and young non-peripartum
RETAKO female patients (both with the older patient being 41 years old) from the RETAKO
population are depicted in Table 3.

Table 3. Differences between RETAKO peripartum TTS group and young non-peripartum RE-
TAKO female patients. The comparison included 6 pregnant and 16 non-pregnant patients from the
RETAKO database.

RETAKO Peripartum
Takotsubo Syndrome

(n = 6)

Young Non-Peripartum
RETAKO Female Patients

(n = 17)
p Value

Age (years) 38.3 ± 2.3 38.2 ± 4.0 0.934

Hypertension 1 (16.7%) 2 (13.3%) 0.844

Dislipidaemia 1 (16.7%) 2 (12.6%) 0.636

Diabetes Mellitus 0 (0%) 1 (6.3%) 0.531

Smoker/Ex-smoker 1 (16.7%) 7 (43.7%) 0.623

Obesity 0 (0%) 0 (0%)

TTS Trigger Secondary form 5 (83.3%) 7 (41.2%) 0.076

Symptoms

Angina 1 (16.7%) 10 (62.5%) 0.056

Dyspnea 6 (100%) 7 (63.6%) 0.35

Palpitations 2 (33.3%) 1 (6.7%) 0.375

Syncope 0 (0%) 2 (13.3%) 0.906

In-hospital
complications

Stroke 1 (16.7%) 0 (0%) 0.627

Bleeding 0 (0%) 0 (0%)

Renal failure 1 (16.7%) 0 (0%) 0.10

Embolic events 0 (0%) 0 (0%)

Maximum
Killip status

I 2 (33.3%) 7 (43.7%) 0.56

II 1 (16.7%) 3 (18.8%)

III 2 (33.3%) 1 (6.3%)

IV 1 (16.7%) 4 (25%)

LVEF 38.83 ± 13.64 40.27 ± 17.10 0.857

TTS pattern Typical 2 (33.3) 9 (52.9%) 0.40

ECG
abnormalities

ST-segment elevation 0 (0%) 7 (43.7%) 0.124

ST-segment depression 1 (16.7%) 5 (33.3%) 0.819

Initial T-wave inversion 3 (50%) 5 (33.3%) 0.831

Follow-up complications 0 (0%) 0 (0%)

Deaths 0 (0%) 1 (6.3%) 0.54

Follow-up 1353,296.2–2062.7 1297,332.2–2399.2 0.94

Follow-up time is expressed as days (median) and interquartile range (IQR).
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Clinical characteristics were similar in both groups, without statistically significant
differences in the trigger; even though primary forms were more numerically more common
in the young non-peripartum RETAKO female patients (16.7% vs. 56.3%, p = 0.097) with
a trend towards atypical symptoms, such as angina (16.7% vs. 62.5%, p = 0.056). Killip
status on admission showed no overall differences (p = 0.56), neither did LVEF (38.83%
vs. 40.27%, p = 0.857), nor the TTS pattern (p = 0.40). There was a non-significant trend of
less ST-segment elevation in the RETAKO peripartum TTS group (0% vs. 43.7%, p = 0.124),
without differences in deaths and follow-up complications in both groups (p = 0.54 in the
former) with a similar median follow-up for the peripartum (1353 days (IQR 296.2–2062.7))
and the non-peripartum groups (1297 days (IQR 332.2–2399.3) (p = 0.94)).

4. Discussion

The present study assesses, to the best of our knowledge, the largest cohort published
with TTS in a peripartum setting to date. We provide a pooled comparison with peripartum
TTS from the literature and the RETAKO registry with the overall population of patients
with TTS and, moreover, with a similar sample of non-peripartum young TTS females.

Our main findings include: patients with peripartum TTS exhibit a higher prevalence
of dyspnea with atypical symptoms and echocardiographic patterns, as well as less ST-
segment elevation than the “standard” TTS profile. The literature peripartum TTS patients
had a higher Killip status on admission but with excellent mid- and long-term prognosis
after the acute phase.

The discussion will focus on the disparities between the multiple comparisons per-
formed along the three groups, as the similarities described in Tables 1–3 such as greater
age and classical cardiovascular risk factors (CVRFs) in the RETAKO general cohort—as
well as deaths and follow-up complications—are consistent with the previous literature [9]
and have been thoroughly analyzed and described in a previous article [6].

Symptoms were more commonly atypical in the peripartum population compared
with the general RETAKO cohort, with less angina and more dyspnea on admission in the
former. This finding is also consistent, especially for the absence of angina, with the com-
parison between RETAKO peripartum TTS and young non-peripartum RETAKO female
patients, not being statistically significant for the absence of angina (p = 0.056), possibly
because the test was underpowered due to the low number of patients included in both
groups (16 and 6, respectively). Probably, this fact is derived from a lower LVEF. Interest-
ingly, dyspnea at admission has been associated [9] with a higher degree of comorbidity
burden and worse long-term prognosis in a large cohort of the GEIST registry with a mean
age of 72 years and 20% of pulmonary disease. Our findings suggest that dyspnea is
neither a marker of greater comorbidity nor a marker of worse long-term prognosis in the
peripartum population; we hypothesize that the dyspnea mechanism (acute pulmonary
congestion, not underlying pulmonary disease) and the younger age are the great outcome
contributors [6]. The lower cardiovascular risk profile in the general RETAKO peripartum
TTS might reflect peripartum TTS patients being younger.

The TTS trigger exhibited clear differences between the RETAKO general cohort,
in which primary forms are more common (psychological or non-identifiable); and the
peripartum group, in which secondary forms (physical or mixed) predominated. The
latter was mainly in the context of a cesarean section (CS), peripartum physical stress, or
comorbidities in this setting, as highlighted in Supplementary Table S1. These findings are
not in line with the published literature for regular TTS [10], which associated worse short-
and long-term prognoses to physical triggers in general and the ones in which hypoxia is
the trigger in particular. In the aforementioned study, a physical trigger, an age >70 years
old, and diabetes mellitus were significant predictors of long-term mortality. Thus, only
one of these predictors (the physical trigger) is predominant in our peripartum population,
with no deaths or long-term complications. This finding could be related to the fact that
the “peripartum setting” is a transient situation and suggests that conclusions drawn from
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studies with older patients might not apply to younger ones and that death is likely mainly
driven by age and comorbidities.

The pathophysiological causes of TTS in this particular population are yet to be
elucidated; Citro et al. [11] hypothesize that the sum of endogenous (intense emotional
and physical stress related to labor and CS) and exogenous (anesthesia, uterotonics) cat-
echolaminergic stimulation, along with the abrupt drop in estrogen-induced protective
cardiovascular effects after placental delivery, might act as underlying pathophysiologic
mechanisms.

Atypical TTS echocardiographic patterns (midventricular and basal) were more com-
mon in younger patients (without statistical significance between peripartum and non-
peripartum) compared to the RETAKO general cohort; hence representing that atypical
forms are more common in younger patients, irrespective of their peripartum status, which
is consistent with the published literature [12]. Also, the higher prevalence of atypical
patterns would explain the absence of left ventricular outflow tract (LVOT) obstruction
described in previous studies [13].

Electrocardiographic alterations also exhibited statistically significant and clinically
relevant findings: peripartum TTS showed less frequent ST-segment elevation on admission
EKG compared to the general RETAKO cohort and the young non-peripartum RETAKO
female patients. Consistently, we found no differences between both peripartum studied
populations. From the available data, ST-segment elevation is less common in peripartum
TTS, with initial T-wave inversion being the most common initial repolarization abnormality
between all the compared groups. Better long-term prognosis and an absence of deaths in
the peripartum group might be associated with the absence of ST-segment elevation on
admission, described as a protective factor in a previous work [14]. All patients were in
sinus rhythm in the first admission ECG, except for two cases, in which the initial rhythm
was ventricular tachycardia [15] and ventricular fibrillation [16].

Follow-up complications (readmissions in cardiology and TTS recurrences) and deaths
were more common in the general RETAKO cohort compared to the peripartum group.
When assessing differences between both peripartum populations, no events were found,
neither in the RETAKO peripartum TTS group nor the literature peripartum TTS, with
both groups agreeing on a potentially favorable prognosis. However, one could argue that
events in the published literature might be affected by the so-called “immortal time bias”,
as the mean follow-up in days (131.8 vs. 1353.8, p = 0.003) was significantly shorter in this
group and events could appear during the follow-up; however, the fact that no events
were registered in the RETAKO peripartum TTS population and young non-peripartum
RETAKO female population, with a median follow-up of 1353 and 1297 days, respectively
(p = 0.94), favors the reasoning that recurrences and readmission are more common in older
female patients with primary forms, which is consistent with the published literature [17].

Killip status on admission showed consistent differences in the literature peripartum
TTS group compared to the rest of the groups: the general RETAKO cohort, in which the
differences are mainly driven by a Killip IV status (48.8% vs. 9.8%, p < 0.001) and are
supported by statistically significant differences in vasoactive support, IABP, mechanical
ventilatory support, and lesser LVEF on admission. This finding remains constant when
comparing it to the RETAKO peripartum TTS population, with a Killip IV status of 53.8%
vs. 16.7%, respectively (p = 0.016). The excellent medium- and long-term prognoses de-
spite the high initial Killip status seem to diverge from the recent evidence in MINOCA
patients [18]; where a higher Killip status on admission was an independent predictor of
MACE occurrence during follow-up. Even though our findings could suggest that TTS has
a more aggressive clinical course or that peripartum patients might be over-treated with
pharmacological, mechanical circulatory, and ventilatory support, the comparison of Killip
IV status between the peripartum and young non-peripartum RETAKO female patients
yields statistically non-significant findings (16.7% vs. 25%, p = 0.56). We interpreted the
huge disparities between the RETAKO peripartum TTS population and the literature peri-
partum TTS population as a possible publication bias, as both peripartum populations are
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similar on all traits but cardiogenic shock (Killip IV) on admission, and sicker peripartum
patients requiring extracorporeal membrane oxygenation (ECMO) [19], left ventricular
assist device (LVAD) [20], IABP [21], and orotracheal intubation [22] might have aroused
interest for clinical publication.

Furthermore, new evidence [23] regarding IABP use in TTS with cardiogenic shock
(CS) in the GEIST registry depicts a totally different clinical profile of the TTS patient that
suffers from CS and requires IABP, which includes being male with diabetes mellitus and
with biventricular involvement. This clinical profile from three multicenter and prospective
registries is consistent with the classical CS profile in TTS [8] and differs from the one
obtained with the published literature peripartum group, thus favoring publication bias as
a plausible explanation for the higher incidence of CS in the published literature.

This finding highlights the importance of prospective, observational, national [6], and
international [9] multicentric registries with independently audited databases to provide
unbiased data for adequate clinical comparison and meaningful interpretation of the data.
Provided the limitations of the low number of patients used for comparison, peripartum
TTS patients in the RETAKO registry do not have a worse Killip status on admission than
both young non-peripartum RETAKO females and the general RETAKO cohort.

The published literature on TTS in the peripartum period is scarce, only two large
retrospective analyses have been performed comparing it with peripartum cardiomyopathy:
Kim et al.’s [3] population is similar to ours in baseline characteristics, with a higher degree
of complications in the peripartum TTS group—40% bleeding complications and 50%
orotracheal intubation, without deaths in a 3-year follow-up period. Yang et al.’s [1]
population is, despite describing a different racial group, comparable to our data. Both
showed excellent long-term outcomes but are subjected to bias inherent in retrospective
cohorts and the risk of misdiagnosing peripartum cardiomyopathy by TTS in some cases in
the latter study.

5. Limitations

First, we need to take into account the restrictions of an observational design. Re-
garding the registry, it is possible that some incident cases in the participating hospitals
have not been diagnosed, have been admitted to other specialties, have not undergone
catheterization, have not agreed to participate, or have not been reported to the Registry.
Therefore, the potential risk of bias warrants that the findings of the present study must be
considered with caution. A low number of patients was used for comparison between the
peripartum groups.

Follow-up was shorter in the peripartum population retrieved from the literature,
which might underrepresent relevant clinical events occurring later in time. In this group,
a publication bias could not be discarded either. Surprisingly, despite the frequent use of
IABP or ventricular assist devices, no deaths were recorded in this group, highlighting the
possibility of an underreporting of patients with negative outcomes in the literature.

The management of all these patients was the current management at that time in
every hospital and depended on the local physician. So, in this way, we believe our results
reflect closely real clinical practice.

Currently, there is not a gold standard to differentiate between PPCM and TTS in
the peripartum period, Mayo clinic criteria [5] were strictly applied, and the results were
similar to two of the largest peripartum TTS cohorts [1,3].

6. Conclusions

TTS during the peripartum period shows a higher prevalence of atypical symptoms on
admission. Atypical echocardiographic TTS patterns are more common in the peripartum
group, which exhibits less ST-segment elevation than the “standard” TTS group as well.
Dyspnea on admission and physical triggers are more common in peripartum TTS but do
not entail a worse mid-term prognosis in this population. Admission Killip status is higher
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with a lower LVEF in the peripartum population but with excellent mid- and long-term
prognoses after the acute phase.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcdd11020037/s1, Review Methods S1: Review methods and
Supplemental references; Table S1: Baseline characteristics and clinical course from the analyzed
peripartum population. References [1,3] are cited in the Supplementary Materials.

Author Contributions: Conceptualization, R.V., O.V. and I.J.N.-G.; Methodology, E.B.-P. and M.A.D.;
Formal Analysis, A.C.M.-G.; Investigation, R.V., I.J.N.-G., J.S. and M.C.-P.; Resources, A.P.-C.; Data
Curation, R.V. and I.J.N.-G.; Writing—Original Draft Preparation, R.V. and I.J.N.-G.; Writing—Review
and Editing, M.M.-S., V.M.-B. and S.R.-R.; Visualization, D.A.-C.; Supervision, C.F.-C., A.U., A.S.,
M.G.-M. and C.L.-R.; Project Administration, J.L.-P.; Funding Acquisition, I.J.N.-G. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The web page from the RETAKO registry has
been funded with the help of a non-conditional grant from AstraZeneca.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Hospital Clínico San Carlos (C.P. Retako-C.I.
11/349-E, 10 November 2011).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data is available upon reasonable request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Yang, W.I.; Moon, J.Y.; Shim, M.; Yang, P.S.; Kang, S.H.; Kim, S.H.; Kim, W.-J.; Sung, J.-H.; Kim, I.J.; Lim, S.-W.; et al. Clinical

features differentiating Takotsubo cardiomyopathy in the peripartum period from peripartum cardiomyopathy. Heart Vessels
2020, 35, 665–671. [CrossRef] [PubMed]

2. Muller, O.; Roguelov, C.; Pascale, P. A basal variant form of the transient ‘midventricular’ and ‘apical’ ballooning syndrome. QJM
Int. J. Med. 2007, 100, 738–739. [CrossRef] [PubMed]

3. Kim, D.Y.; Kim, S.R.; Park, S.J.; Seo, J.H.; Kim, E.K.; Yang, J.H.; Chang, S.A.; Choi, J.O.; Lee, S.C.; Park, S.W.; et al. Clinical
characteristics and long-term outcomes of peripartum takotsubo cardiomyopathy and peripartum cardiomyopathy. ESC Heart
Fail. 2020, 7, 3644–3652. [CrossRef]

4. Zdanowicz, J.A.; Utz, A.C.; Bernasconi, I.; Geier, S.; Corti, R.; Beinder, E. “Broken heart” after cesarean delivery. Case report and
review of literature. Arch. Gynecol. Obstet. 2011, 283, 687–694. [CrossRef] [PubMed]

5. Scantlebury, D.C.; Prasad, A. Diagnosis of takotsubo cardiomyopathy—Mayo Clinic criterio-. Circ. J. 2014, 78, 2129–2139.
[CrossRef] [PubMed]

6. Núñez Gil, I.J.; Andrés, M.; Almendro Delia, M.; Sionis, A.; Martín, A.; Bastante, T.; Soriano, J.G.C.; Vicente, J.A.L.; Sucarrats, S.G.;
Flecha, A.S.G. Caracterización del síndrome de tako-tsubo en España: Resultados del registro nacional RETAKO. Rev. Española
Cardiol. 2015, 68, 505–512. [CrossRef]

7. Núñez-Gil, I.J.; Almendro-Delia, M.; Andrés, M.; Sionis, A.; Martin, A.; Bastante, T.; Soriano, J.G.C.; Vicente, J.A.L.; Sucarrats, S.G.;
Flecha, A.S.G.; et al. Secondary forms of Takotsubo cardiomyopathy: A whole different prognosis. Eur. Heart J. Acute Cardiovasc.
Care. 2016, 5, 308–316. [CrossRef]

8. Almendro-Delia, M.; Núñez-Gil, I.J.; Lobo, M.; Andrés, M.; Vedia, O.; Sionis, A.; Martin-García, A.; Cruz Aguilera, M.; Pereyra, E.;
Martín de Miguel, I.; et al. Short- and Long-Term Prognostic Relevance of Cardiogenic Shock in Takotsubo Syndrome: Results
From the RETAKO Registry. JACC Heart Fail. 2018, 6, 928–936. [CrossRef]

9. Arcari, L.; Musumeci, M.B.; Stiermaier, T.; El-Battrawy, I.; Möller, C.; Guerra, F.; Novo, G.; Mariano, E.; Limite, L.R.; Cacciotti, L.;
et al. Incidence, determinants and prognostic relevance of dyspnea at admission in patients with Takotsubo syndrome: Results
from the international multicenter GEIST registry. Sci. Rep. 2020, 10, 13603. [CrossRef]

10. Uribarri, A.; Nunez-Gil, I.J.; Conty, D.A.; Vedia, O.; Almendro-Delia, M.; Cambra, A.D.; Martin-Garcia, A.C.; Barrionuevo-Sánchez,
M.; Martínez-Sellés, M.; Raposeiras-Roubín, S.; et al. Short-and long-term prognosis of patients with takotsubo syndrome based
on different triggers: Importance of the physical nature. J. Am. Heart Assoc. 2019, 8, e013701. [CrossRef]

11. Citro, R.; Lyon, A.; Arbustini, E.; Bossone, E.; Piscione, F.; Templin, C.; Narula, J. Takotsubo Syndrome After Cesarean Section:
Rare But Possible. J. Am. Coll. Cardiol. 2018, 71, 1838–1839. [CrossRef] [PubMed]

12. Ghadri, J.R.; Cammann, V.L.; Napp, L.C.; Jurisic, S.; Diekmann, J.; Bataiosu, D.R.; Seifert, B.; Jaguszewski, M.; Sarcon, A.;
Neumann, C.A.; et al. Differences in the clinical profile and outcomes of typical and atypical takotsubo syndrome: Data from the
international takotsubo registry. JAMA Cardiol. 2016, 1, 335–340. [CrossRef]

https://www.mdpi.com/article/10.3390/jcdd11020037/s1
https://www.mdpi.com/article/10.3390/jcdd11020037/s1
https://doi.org/10.1007/s00380-019-01537-4
https://www.ncbi.nlm.nih.gov/pubmed/31705186
https://doi.org/10.1093/qjmed/hcm092
https://www.ncbi.nlm.nih.gov/pubmed/17971394
https://doi.org/10.1002/ehf2.12889
https://doi.org/10.1007/s00404-010-1769-6
https://www.ncbi.nlm.nih.gov/pubmed/21136269
https://doi.org/10.1253/circj.CJ-14-0859
https://www.ncbi.nlm.nih.gov/pubmed/25131525
https://doi.org/10.1016/j.recesp.2014.07.027
https://doi.org/10.1177/2048872615589512
https://doi.org/10.1016/j.jchf.2018.05.015
https://doi.org/10.1038/s41598-020-70445-9
https://doi.org/10.1161/JAHA.119.013701
https://doi.org/10.1016/j.jacc.2018.02.035
https://www.ncbi.nlm.nih.gov/pubmed/29673471
https://doi.org/10.1001/jamacardio.2016.0225


J. Cardiovasc. Dev. Dis. 2024, 11, 37 11 of 11

13. Pérez-Castellanos, A.; Martínez-Sellés, M.; Mejía-Rentería, H.; Andrés, M.; Sionis, A.; Almendro-Delia, M.; Martín-García, A.;
Aguilera, M.C.; Pereyra, E.; Vicente, J.A.L.; et al. Síndrome de tako-tsubo en varones: Infrecuente, pero con mal pronóstico. Rev.
Española Cardiol. 2018, 71, 703–708. [CrossRef]

14. Martín de Miguel, I.; Núñez-Gil, I.J.; Pérez-Castellanos, A.; Uribarri, A.; Duran-Cambra, A.; Martín-García, A.; Corbi-Pascual, M.;
Marzo, M.G.; Martinez-Selles, M. Electrocardiographic Characteristics and Associated Outcomes in Patients with Takotsubo
Syndrome. Insights from the RETAKO Registry. Curr. Probl. Cardiol. 2021, 46, 100841. [CrossRef] [PubMed]

15. Jih, W.; Walker, G.; Deonarine, P.; Wong, L.F.A. Takotsubo cardiomyopathy associated with Group C Streptococcus septic
miscarriage: A case report. J. Obstet. Gynaecol. 2022, 42, 2522–2523. [CrossRef]

16. D’Amato, N.; Colonna, P.; Brindicci, P.; Campagna, M.G.; Petrillo, C.; Cafarelli, A.; D’agostino, C. Tako-Tsubo syndrome in a
pregnant woman. Eur. J. Echocardiogr. 2008, 9, 700–703. [CrossRef]

17. El-Battrawy, I.; Santoro, F.; Stiermaier, T.; Möller, C.; Guastafierro, F.; Novo, G.; Novo, S.; Mariano, E.; Romeo, F.; Romeo, F.; et al.
Incidence and Clinical Impact of Recurrent Takotsubo Syndrome: Results From the GEIST Registry. J. Am. Heart Assoc. 2019, 8,
e010753. [CrossRef]

18. Armillotta, M.; Amicone, S.; Bergamaschi, L.; Angeli, F.; Rinaldi, A.; Paolisso, P.; Stefanizzi, A.; Sansonetti, A.; Impellizzeri, A.;
Bodega, F.; et al. Predictive value of Killip classification in MINOCA patients. Eur. J. Int. Med. 2023, 117, 57–65. [CrossRef]

19. Jo, Y.Y.; Park, S.; Choi, Y.S. Extracorporeal membrane oxygenation in a patient with stress-induced cardiomyopathy after caesarean
section. Anaesth. Intensive Care 2011, 39, 954–957. [CrossRef]

20. Wu, E.T.; Lin, T.H.; Lin, C.H.; Lee, C.N. Left ventricular assist device for stress-induced cardiomyopathy after postpartum
hemorrhage. Taiwan J. Obstet. Gynecol. 2014, 53, 429–431. [CrossRef]

21. Citro, R.; Giudice, R.; Mirra, M.; Bottiglieri, G.; Bossone, E.; Di Benedetto, G.; Piscione, F. Tako-tsubo syndrome soon after
caesarean delivery: Two case reports. Int. J. Cardiol. 2012, 161, e48–e49. [CrossRef] [PubMed]

22. Ghariani, A.; Dhiab, L.; Ferhi, F.; Abdessalem, M.A.B.; Mahdhaoui, A.; Jazia, K.B.; Jeridi, G. Inverted Takotsubo Following a
Ruptured Ectopic Pregnancy, Treated with Levosimendan. Indian J. Crit. Care Med. 2022, 26, 228–230. [CrossRef] [PubMed]

23. Santoro, F.; Núñez Gil, I.J.; Stiermaier, T.; El-Battrawy, I.; Moeller, C.; Guerra, F.; Novo, G.; Arcari, L.; Musumeci, B.; Cacciotti, L.;
et al. Impact of intra-aortic balloon counterpulsation on all-cause mortality among patients with Takotsubo syndrome complicated
by cardiogenic shock; results from the German-Italian-Spanish Takotsubo (GEIST) registry. Eur. Heart J. Open 2023, 3, oead003.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.recesp.2017.07.033
https://doi.org/10.1016/j.cpcardiol.2021.100841
https://www.ncbi.nlm.nih.gov/pubmed/33994036
https://doi.org/10.1080/01443615.2022.2028274
https://doi.org/10.1093/ejechocard/jen135
https://doi.org/10.1161/JAHA.118.010753
https://doi.org/10.1016/j.ejim.2023.08.011
https://doi.org/10.1177/0310057X1103900524
https://doi.org/10.1016/j.tjog.2013.12.008
https://doi.org/10.1016/j.ijcard.2012.04.073
https://www.ncbi.nlm.nih.gov/pubmed/22560951
https://doi.org/10.5005/jp-journals-10071-24118
https://www.ncbi.nlm.nih.gov/pubmed/35712733
https://doi.org/10.1093/ehjopen/oead003
https://www.ncbi.nlm.nih.gov/pubmed/36789137

	Introduction 
	Material and Methods 
	Review Methods 
	Registry Data and Study Definitions 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

