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Abstract: Background: The most serious complication of the acute Takotsubo phase is a myocardial
perforation, which is rare, but it usually results in the death of the patient. Methods: In the years
2008-2020, 265 patients were added to the Podlasie Takotsubo Registry. Cardiac rupture was observed
in five patients (1.89%), referred to as the Takotsubo syndrome with complications of cardiac rupture
(TS+CR) group. The control group consisted of 50 consecutive patients with uncomplicated TS. The
diagnosis of TS was based on the Mayo Clinic Criteria. Results: Cardiac rupture was observed in
women with TS aged 74-88 years. Patients with TS and CR were older (82.20 vs. 64.84; p = 0.011),
than the control group, and had higher troponin, creatine kinase, aspartate aminotransferase, and
blood glucose levels (168.40 vs. 120.67; p = 0.010). The TS+CR group demonstrated a higher heart
rate (95.75 vs. 68.38; p < 0.0001) and the Global Registry of Acute Coronary Events (GRACE) scores
(186.20 vs. 121.24; p < 0.0001) than the control group. In patients with CR, ST segment elevation was
recorded significantly more often in the III, V4, V5 and V6 leads. Left ventricular free wall rupture
was noted in four patients, and in one case, rupture of the ventricular septum. In a multivariate
logistic regression, the factors that increase the risk of CR in TS were high GRACE scores, and the
presence of ST segment elevation in lead III. Conclusions: Cardiac rupture in TS is rare but is the
most severe mechanical complication and is associated with a very high risk of death. The main risk
factors for left ventricular perforation are female gender, older age, a higher concentration of cardiac
enzymes, higher GRACE scores, and ST elevations shown using electrocardiogram (ECG).

Keywords: Takotsubo syndrome; cardiac rupture; cardiac perforation; acute coronary syndrome;
cardiac tamponade

1. Introduction

Takotsubo syndrome (TS), first described in Japan around 30 years ago by Sato et al. [1],
is a stress-induced transient impairment of left ventricular contractility with a concomitant
increase in the level of cardiac enzymes and ischemic changes in electrocardiograms and
with no significant atherosclerotic lesions in the coronary arteries. The clinical manifestation
of TS is similar to that of an acute coronary syndrome (ACS). Its prognosis is usually
benign, and the contractility disorders disappear within a few weeks to several months
after the event. However, in the acute state, approximately 20% of patients have serious
complications. The most frequently occurring complication is acute heart failure manifested
by cardiogenic shock or pulmonary oedema. Cardiac rhythm and conduction disorders,
including sudden cardiac arrest, are also frequently recorded. However, the most serious
complication of the acute Takotsubo phase is a myocardial perforation, which is rare, but it
usually results in the death of the patient [2-5].

The aim of this study was to identify the risk factors of cardiac rupture (CR) in
Takotsubo syndrome. A systematic review of previously reported cases of CR in Takotsubo
syndrome was also performed.
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2. Materials and Methods
2.1. Study Population

In the years 2008-2020, 265 patients were added to the Podlasie Takotsubo Registry.
Cardiac rupture was observed in five patients (1.89%), referred to as the Takotsubo syn-
drome with complications of cardiac rupture (TS+CR) group. The control group consisted
of 50 consecutive patients with uncomplicated Takotsubo syndrome, hospitalized at the
authors’ clinic.

In the analyzed patients, Takotsubo syndrome was diagnosed on the basis of the Mayo
Clinic criteria [6], in force during their hospitalization. Cardiac rupture was diagnosed in
imaging tests (i.e., echocardiography and ventriculography).

2.2. Systematic Review

For a systematic review, all Takotsubo syndrome cardiac rupture cases were searched
in PubMed; 35 cases were found published between 2004 and 2020. The compilation
took into account the age, sex, place of left ventricular perforation, and the patient’s
survival/death. The treatment was taken into account in the surviving patients.

2.3. Statistical Analysis

Both the test and control group data were statistically analyzed. We compared the
quantitative variables using the Student’s ¢-test and the Mann—-Whitney U-test and com-
pared the qualitative data using the chi-square and Fisher tests. Multivariate analysis was
performed using logistic regression. A p-value of less than 0.05 was considered statistically
significant. The analysis was performed using STATISTICA software, version 13.3 (StatSoft
Poland, Cracow, Poland).

3. Results
3.1. General Characteristics

Cardiac rupture in Takotsubo syndrome was observed in women in the 74-88-year
age group (average = 82.2 years). The Takotsubo syndrome patients with complications of
CR (the TS+CR group) were older than the patients in the control group. In all five women
in the TS+CR group, the main symptom of Takotsubo syndrome was retrosternal pain.
Laboratory tests performed on admission in the TS+CR group showed higher values of
troponin and creatine kinase than that of the control group; however, the differences were
not statistically significant. The values obtained for glycemia were significantly higher for
the TS+CR group than that of the control group (Table 1). The values obtained for glycated
hemoglobin (HbA;c) in the TS+CR group were normal (5.1-5.6%).

Patients in the TS+CR group demonstrated a significantly higher heart rate than that
of the control group. In addition, the scores on the Global Registry of Acute Coronary
Events (GRACE) scale were significantly higher for the TS+CR group than for the control
group (Table 1).

In all five patients of the TS+CR group, the Takotsubo apical variant was diagnosed,
including two patients with left ventricular middle segment involvement. In the control
group, the apical variant was found in 49 patients (98%), including 15 with middle segment
involvement. The focal-type TS was found in one patient.
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Table 1. Results comparison of the two groups.

TS+CR Group TS Control Group p-Value
n=>5 n =50
Clinical and demographic characteristics:

Age (years) 82.20 £+ 5.67 64.84 + 14.51 0.011
Female sex (%) 5 (100) 46 (92) 0.511
Body mass index (BMI) (kg/m?) 24.02 +2.83 26.23 +5.27 0.415

Trigger factor:
Physical (%) 0(0) 12 (24) 0.215
Emotional (%) 3 (60) 17 (34) 0.249
Absent/unknown (%) 2 (40) 21 (42) 0.931
History of hypertension (%) 4 (80) 30 (60) 0.380
Hyperlipidemia (%) 2 (40) 23 (46) 0.797
Smoking (%) 0(0) 14 (28) 0.171
Family history of coronary artery disease (%) 0(0) 13 (26) 0.192
Diabetes mellitus (%) 0(0) 7 (14) 0.371
Anxiety/depression (%) 1(20) 5(10) 0.494
Thyroid disorders (%) 0(0) 14 (28) 0.171
Chronic kidney disease (%) 3 (60) 12 (24) 0.084
COPD (%) 0(0) 6 (12) 0.412
CHA2DS2-VASc scale (points) 4.00 ((0.00)) 3.00 ((2.00)) 0.138
GRACE scale (points) 186.20 £ 22.62 121.24 + 34.57 0.0001

Diagnostic tests (echocardiography, coronarography, and ECG):

Left ventricular ejection fraction on admission (%) 38.60 + 7.89 39.94 £+ 10.52 0.783
Normal coronary arteries (%) 1(20) 25 (50) 0.202
Non-significant stenoses (%) 4 (80) 25 (50) 0.202

ECG—ST segment elevation (%) 5 (100) 33 (66) 0.116
QTc on admission (ms) 468.50 + 52.22 475.44 + 38.98 0.747
QTc after a few days (ms) 525.00 ((157.00)) 508.00 ((37.00)) 0.429
Laboratory parameters:
Hemoglobin (mg/dL) 12.62 £+ 0.92 1345+ 1.73 0.295
Erythrocytes (x106/uL) 4.28 ((0.45)) 4.44 ((0.59)) 0.151
Hematocrit (%) 36.30 ((2.30)) 39.40 ((5.60)) 0.229
Leukocytes (x103/uL) 11.66 + 2.80 9.52 + 3.69 0.213
Glucose on admission (mg/dL) 160.00 ((50.00)) 112.00 ((36.00)) 0.015
Creatinine (mg/dL) 0.90 ((0.18)) 0.75 ((0.26)) 0.395
eGFR MDRD (mL/min/1.72 m?) 62.37 + 14.85 74.69 +22.24 0.233
CK (IU/L) 275.00 ((574.50)) 199.50 ((203.00)) 0.126
Troponin (significant increase) (%) 5 (100) 48 (96) 0.648
Troponin—mean concentration (ng/mL) 2.59 ((7.03)) 2.13 ((3.70)) 0.726
AspAT (mg/dL) 53.50 ((82.50)) 32.00 ((27.00)) 0.276
AlAT (mg/dL) 23.00 ((69.00)) 21.00 ((13.00)) 0.775
Total cholesterol (mg/dL) 171.50 £ 25.49 186.06 £ 42.61 0.506
LDL (mg/dL) 97.45 + 37.67 117.62 £ 38.82 0.323
HDL (mg/dL) 61.55 £ 11.09 50.06 + 18.08 0.219
Triglycerides (mg/dL) 53.00 ((18.75)) 79.00 ((58.00)) 0.056
CRP (mg/L) 13.70 ((40.20)) 20.35 ((27.30)) 0.933
BNP (pg/mL) 974.65 (711.7) 464.00 (260.71) 0.058
Clinical course and mortality:
BPs on admission 123.00 £ 36.51 123.28 £+ 23.94 0.981
HR on admission 95.75 4+ 22.46 68.38 + 11.42 <0.0001
Retrosternal chest pain (%) 5 (100) 41 (82) 0.299
Dyspnea (%) 0(0) 6 (12) 0411
Killip class IIT/IV on admission (%) 1 (20) 5 (10) 0.494
Pneumonia (%) 1(20) 13 (26) 0.769
Rhythm disturbances (%) 0 (0) 4(8) 0.511
Hospital mortality (%) 4 (80) 4(8) <0.0001
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Table 1. Cont.

TS+CR Group TS Control Group p-Value
n=>5 n=>50

Pharmacological treatment:

Unfractionated heparin (%) 1(20) 17 (34) 0.524
Enoxaparin (%) 4 (80) 28 (56) 0.299
Clopidogrel (%) 3 (60) 43 (86) 0.134

Aspirin (%) 5 (100) 49 (98) 0.749

Statin (%) 5 (100) 44 (88) 0.412

Beta blocker (%) 5 (100) 45 (90) 0.458

ACE inhibitor/ AT-R blocker (%) 4 (80) 46 (92) 0.374
Diuretics (%) 4 (80) 25 (50) 0.200

Proton pump inhibitor (%) 5 (100) 45 (90) 0.458
Pressor amines (%) 3 (60) 8 (16) 0.019

Data are presented as arithmetic means =+ standard deviations, medians ((interquartile interval)), and numbers (percentages). Abbreviations:
ACE, angiotensin converting enzyme; AIAT, alanine aminotransferase; AspAT, aspartate aminotransferase; AT-R, angiotensin receptor; BNP,
B-type natriuretic peptide; BPs, systolic blood pressure; COPD, chronic obstructive pulmonary disease; CHA2DS2-VASc, congestive heart
failure, hypertension, age (>65 = 1 point; >75 = 2 points), diabetes, previous stroke/transient ischemic attack (2 points)-vascular disease;
CK, creatine kinase; CRP, C-reactive protein; CR, cardiac rupture; LDL, low-density lipoprotein; GRACE, the Global Registry of Acute
Coronary Events; HDL, high-density lipoprotein; HR, heart rate; eGFR MDRD, estimated glomerular filtration rate using modified diet
renal disease; ECG, electrocardiogram; SD, standard deviation; TS, Takotsubo syndrome; TS+CR, Takotsubo syndrome with complications

of cardiac rupture.

3.2. ECG—ST Segment Elevation

ST segment elevations were observed in all five patients in the TS+CR group on
admission, and 66% in the control group. In all patients with CR, ST elevations were
located in the V4, V5 and V6 leads, while in three patients, in leads from the lower wall as
well. Compared to the control group, in patients with CR, ST elevation was significantly

more often recorded in leads III, V4, V5, and V6 (Figure 1 and Table 2).
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Figure 1. Comparison of ST segment elevations in the TS groups.
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Table 2. ST segment elevations in patients with Takotsubo syndrome and cardiac rupture.

Case I I1 111 aVL aVF Vi V2 V3 V4 V5 Vo
Case 1 + + + + +
Case 2 + + + + + + + +
Case 3 + + + + + + + +
Case 4 + + + + + +
Case 5 + + + + + + +
TS+CR (%) 20 60 60 20 60 20 60 80 100 100 100
TS control 28 26 12 20 22 24 50 52 40 32 32
group (%)

p-Value 0.701 0.110 0.005 — 0.062 0.841 0.669 0.231 0.010 0.002 0.002

Data are presented as percentages. Abbreviation: TS+CR, Takotsubo syndrome with complications of cardiac rupture.

3.3. Cardiac Rupture

In one patient, CR occurred on the first day of hospitalization, which was detected
during coronarography with ventriculography. In two patients, CR occurred on the second
day of hospitalization, and in the other two patients, CR occurred on the fifth day of
hospitalization. In these four patients, CR was diagnosed during echocardiography—in
two after cardiac arrest during resuscitation, and in two due to symptoms of cardiogenic
shock. The left ventricular free wall rupture was noted in four patients, and in one case, it
was the rupture of the ventricular septum with a left-right shunt. The patient whose CR
was detected during coronarography was cardio-surgically treated and survived, and the
remaining patients died (Table 3).

Table 3. Clinical characteristics and imaging of the five cases.

Age Sex Symptoms ECG ECHO . CR—Day of
Case (Years) (E/M) at Admission at Admission at Admission LVEF ECHO Coronarography Ventriculography Last ECHO Hospitalization
Akinesis of the apex R . Py
Retrosternal pain, SR 58/min, elevation with hyperkinesis of the o, M},lral fntherosderotlc EF 56%Visible contrast EF—50%
Case 1 74 F ) N . 55% lesions in the coronary leakage around the . Day 1
cardiogenic shock ST in leads V2-V6 other LV wall segments, - ’ v (discharge)
tamponade arteries apex
ii?gl{(?:ll;lslg Akinesis of the apex No atherosclerotic Akinesis aneurysm of LV free wall
Case 2 79 F Retrosternal pain N s and apical LV wall 43% lesions in the coronary ) o rupture, Day 2—Death
n?ﬁag\‘;;];:v;;e;l\r/\én’ segments arteries the LV apex, EF—40% tamponade
) SR 90/min, ST Akinesis of the apex ) )
Case 3 84 F Rest.osterl?al pain, elevationinl, aVL, and apical and central 30% Mural athgrosclerohc Not performed VSI.) with Day2
cardiogenic shock and VI-V6 LV wall segments lesions left-right shut Death on Day 5
FA 71/min, ST A
R i A/dyskinesis of the LV free wall
3 o . elevation in II, I, aVE, N o 40%-50% RCA, mural o,
Case 4 88 F Restosternal pain V4-V6, and negative T apex anfi apical FV wall 38% lesions in others EF—32% rupture, Day 5—Death
in VA-V6 segments tamponade
FA 108/min, ST -
elevations in I, I1I, aj :1 :K:ik.:nf::l (Ij/tkv‘x?all 80% 1D, insignificant LV free wall
Case 5 85 F Restosternal pain aVF, V3-V6, negative A 35% esione i e EF—35% rupture, Day 5—Death
TinT,II, TIT, aVL, aVF, gments, Aypoxinesis sions tamponade

and V3-V6

of central segment

Abbreviations: CR, cardiac rupture; D1, diagonal branch; ECG, electrocardiogram; ECHO, echocardiogram; EF, ejection fraction; FA, atrial
fibrillation; F/M, female/male; LV, left ventricle; LVEF, left ventricular ejection fraction; RCA, right coronary artery; SR, sinus rthythm; VSD,
ventricular septal defect.

In multivariate logistic regression, the factors that increase the risk of CR in TS are

high GRACE scores, and the presence of ST segment elevation in lead III. Table 4 shows
the results of our analyses.
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Table 4. Results of the univariate and multivariate logistic regression analyses—risk factors for cardiac rupture in Takot-

subo syndrome.

Univariate Multivariate
Predictor Odds Ratio 95% CI p-Value Odds Ratio 95% CI p-Value

Age (years) 1.229 1.035-1.459 0.0187
Emotional trigger 2912 0.443-19.130 0.266
BPs 1.000 0.963-1.038 0.9807
Hypertension 2.667 0.277-25.637 0.3956
HR 0.964 0.911-1.020 0.202
EF < 40% 0.987 0.901-1.082 0.778
Hemoglobin 0.670 0.326-1.377 0.276

ST elevation in III 29.333 2.793-308.040 0.004 25.500 2.278-4334.264 0.017
ST elevation in V5 8.500 0.878-82.315 0.064
AspAT 1.022 0.998-1.047 0.077
Glucose 1.017 1.000-1.035 0.051
LDL 0.984 0.984-1.016 0.323

GRACE points 1.064 1.014-1.116 0.011 1.064 1.003-1.104 0.036

Abbreviations: CI, confidence interval; BP, blood pressure; HR, heart rate; EF, ejection fraction; LDL, low-density lipoprotein; GRACE, the
Global Registry of Acute Coronary Events.

3.4. Systematic Review
Table 5 shows all case descriptions on CR in TS found in the PubMed database.

Table 5. Reported cases of cardiac rupture in Takotsubo syndrome (1 = 35).

Author(s) and Year of Publication Age (Years) Sex (F/M) Place . Death Treatment
of Perforation (+)
Akashi et al. in 2004 [7] 70 F Free wall LV +
Sakai et al. in 2005 [8] 84 F VSD +
Ohara et al. in 2005 [9] 79 F Free wall LV +
Ishida et al. in 2005 [10] 67 F Free wall LV - Cardiac surgery
Mafrici et al. in 2006 [11] 87 F Free wall LV +
Yamada et al. in 2006 [12] 71 F Free wall LV +
Shinozaki et al. in 2007 [13] 90 F Free wall LV +
Sacha et al. in 2007 [14] 81 F Free wall LV +
Izumi et al. in 2008 [15] 73 F VSD - Cardiac surgery
Ieva et al. in 2009 [16] 65 F RV +
Stollberger et al. in 2009 [17] 71 F Free wall LV +
Tsunoda et al. in 2010 [18] 74 F Free wall LV +
Mariscalco et al. in 2010 [19] 71 F Free wall LV - Cardiac surgery
Kurisu et al. in 2012 [20] 81 F Free wall LV +
Jaguszewski et al. in 2012 [21] 82 F Free wall LV +
Yoshida et al. in 2013 [22] 78 F Free wall LV - Conservative
Kumar et al. in 2012 [23] 62 F Free wall LV +
Y-Hassan et al. in 2014 [24] 73 M Free wall LV +
Indorato et al. in 2015 [25] 70 F Free wall LV +
Aikawa et al. in 2015 [26] 81 F VSD +
Showkathali et al. in 2015 [27] 86 F Free wall LV +
Miyake et al. in 2015 [28] 73 M VSD +
Zalewska-Adamiec et al. in 2016 [29] 74 F Free wall LV - Cardiac surgery
Pepe et al. in 2016 [30] 84 F VSD - Occluder
Sung et al. in 2017 [31] 73 F RV + VSD +
Mitchell et al. in 2017 [32] 82 F RV +
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Table 5. Cont.

Author(s) and Year of Publication Age (Years) Sex (F/M) Place . Death Treatment
of Perforation (+)
Kudaiberdiew et al. in 2017 [33] 63 F Free wall LV - Cardiac surgery
Iskander et al. in 2018 [34] 77 F Free wall LV +
Narita et al. in 2018 [35] 92 M VSD - Conservative
Tsuji et al. in 2018 [36] 71 F VSD - Cardiac surgery
De Manna et al. in 2019 [37] 57 F VSD - Occluder
Dalia et al. in 2019 [38] 75 F Free wall LV +
Zhukova et al. in 2019 [39] 81 F VSD - Occluder
Webster et al. in 2019 [40] 68 F Free wall LV + VSD +
Al-Tkrit et al. in 2020 [41] 77 F Free wall LV - Cardiac surgery

Abbreviations: VSD, ventricular septal defect; RV, right ventricle; LV, left ventricle.

4. Discussion

Left ventricular wall rupture is undoubtedly the most serious mechanical complication
of both myocardial infarction and Takotsubo syndrome. Due to the increasing tamponade,
without rapid cardiac intervention, most patients die. The introduction of an effective
treatment for the causal myocardial infarction with percutaneous coronary angioplasty has
significantly reduced the incidence of cardiac rupture, which is now detected in only 2-4%
of the patients with myocardial infarction [42]. Usually, cardiac rupture occurs in older
patients with myocardial infarction who have been treated with conservative or delayed
coronary angioplasty, and the rupture site is within the necrotic wall.

Left ventricular wall perforation in the course of Takotsubo syndrome is also usually
fatal, but it occurs rarely, in approximately 1% of patients [5,43,44]. In our register, the
percentage of CR during TS is slightly higher (1.89%). The pathophysiological mechanism
of cardiac rupture in Takotsubo syndrome is not yet fully understood. Autopsy studies
have thus far described the atrophy of myocyte striations and features of inflammation
with foci of necrosis in the area of the ventricular wall rupture [8,14,22,39].

In 2011, Kumar et al. [5] conducted the first systematic review of all cases of CR in TS
available in the MEDLINE database from 1950 to 2009, and collected 12 patients reported
from 2004 to 2009. The group, as in our analysis, was made up of women themselves,
aged 62-90 (average age = 76). Rupture of the ventricular septum was detected in two
patients, perforation in the right ventricular septum in two women, and perforation in the
left ventricular free wall in seven women. In the case of one patient, the site of perforation
was not reported. Out of the 12 patients included in the review of Kumar et al., 10 patients
(83%) died, including half of them in the first two days of hospitalization; the remaining
patients died in the next eight days. Such high mortality rates obtained in the systematic
review and in this study (80%) are comparable to the deaths of patients with cardiac rupture
during myocardial infarction not treated with cardiac surgery [45].

Another review of Takotsubo syndrome complicated by cardiac rupture was per-
formed by Dalia et al. [38]. They analyzed 20 cases from the MEDLINE database with a
rupture of the left ventricular free wall. The majority of these patients were women (95%)
with an average age of 74.9 years. Dalia et al. reported a mortality rate of 85%.

Currently, the PubMed database contains 35 case studies on CR in Takotsubo syn-
drome. Most patients were women, but there were also three men. The youngest patient
was 57 years old, and the oldest was 92 years; 29 patients were aged over 70 years. The
free wall of the left ventricle ruptured in 22 patients, the free wall of the right ventricle
ruptured in three patients, and perforation in the ventricular septum was recorded in
10 cases. Out of 35 patients, 23 died; 17 patients with a rupture of the free wall of the
left ventricle (77.3%), three women with a rupture of the right ventricle (100%), and three
patients with a rupture of the interventricular septum (30%). A total of 12 patients survived,
including five patients with left ventricular free wall rupture, of whom four patients were
treated with cardiac surgery and one patient was treated with conservative treatment. In
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addition, seven patients with ventricular septal perforation survived, six of whom were
treated surgically and one was treated conservatively.

In this study, out of the five patients in the TS+CR group, four people (80%) died.
Among them, CR occurred on the second and fifth days of hospitalization. One patient
survived thanks to cardiac surgery. The data in the literature on the survival of patients
with CR in TS show that the prognosis of patients with ventricular septal perforation is
better. In published cases, the ruptured septum was supplied by cardiac surgery or closed
by an occlude [30,37,39]. Izumi et al. [15] described the history of a 73-year-old patient
with stress cardiomyopathy, who had a perforated ventricular septum on the first day
of hospitalization. The patient survived, although she was operated on only on day 22
after the rupture of the ventricular septum. The prognosis is much worse in patients with
the rupture of the free wall of the left or, less frequently, of the right ventricle. Out of
25 patients from the PubMed database, 20 people died, whereas the patients undergoing
cardiac surgery survived.

In the TS+CR group, there were significantly higher values for glycemia. These
patients did not suffer from diabetes and the values of HbA;c were normal. Therefore,
hyperglycemia should be explained by the high secretion of catecholamines.

The etiology of cardiac rupture in Takotsubo syndrome is undoubtedly multifactorial.
According to Kumar et al., the factors conducive to left ventricular perforation are female
gender, older age, higher arterial pressure, presence of ST elevation in the inferior wall
leads, low left ventricular ejection fraction, and high peak left ventricular systolic fraction.
Our analysis of patients with CR in TS compared to the control group undoubtedly shows
that the factors that increase the risk of CR in TS are older age, a higher concentration
of cardiac enzymes, higher GRACE scores, faster heart rate, and ST elevation in ECG,
especially in leads V4-V6 and the inferior wall leads.

The analyzed series of five cases, as well as those quoted in the data in the literature,
prove the importance of the monitoring and observation of patients with TS and risk
factors for CR during the first few days of diagnosis of TS. Only a quick diagnosis of
perforation, decompression of the subsequent tamponade, and urgent cardiac surgery offer
these patients a chance to survive.

Limitations

The primary limitation of this study is the small number of patients—only five patients
with a CR were studied, due to the rarity of this complication and the limitation of the
Takotsubo syndrome register to the Podlaskie Voivodeship.

5. Conclusions and Clinical Implications

Cardiac rupture in Takotsubo syndrome is rare but is the most severe mechanical
complication and is associated with a very high risk of death. Female gender, older age,
a higher concentration of cardiac enzymes, a higher number of points in GRACE scale,
a faster heart rate, and ST elevations in ECG, especially in the lower and anterior wall
ventricular leads, are the main risk factors for left ventricular perforation. Only intensive
monitoring in the acute phase of the disease allows for a quick diagnosis of CR, and urgent
surgical intervention offers these patients a chance to survive.
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