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Abstract
BACKGROUND 
Takotsubo cardiomyopathy (TCM), or stress-induced cardiomyopathy, is 
associated with adverse prognosis. Limited data suggest that TCM occurring in 
orthotopic liver transplant (OLT) recipients is associated with elevated peri-
operative risk.

AIM 
To characterize the predictors of TCM in OLT recipients, using a large, multi-
center pooled electronic health database.

METHODS 

https://www.f6publishing.com
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A multi-institutional database (Explorys Inc, Cleveland, OH, USA), an aggregate of de-identified 
electronic health record data from 26 United States healthcare systems was surveyed. A cohort of 
patients with a Systematized Nomenclature of Medicine-Clinical Terms of “liver transplant” 
between 09/2015 and 09/2020 was identified. Subsequently, individuals who developed a new 
diagnosis of TCM following OLT were identified. Furthermore, the risk associations with TCM 
among this patient population were characterized using linear regression.

RESULTS 
Between 09/2015 and 09/2020, of 37718540 patients in the database, 38740 (0.10%) had a history of 
OLT (60.6% had an age between 18-65 years, 58.1% female). A new diagnosis of TCM was 
identified in 0.3% of OLT recipients (45.5% had an age between 18-65 years, 72.7% female), 
compared to 0.04% in non-OLT patients [odds ratio (OR): 7.98, 95% confidence intervals: 6.62-9.63, 
(P < 0.0001)]. OLT recipients who developed TCM, compared to those who did not, were more 
likely to be greater than 65 years of age, Caucasian, and female (P < 0.05). There was also a 
significant association with cardiac arrhythmias, especially ventricular arrhythmias (P < 0.0001).

CONCLUSION 
TCM was significantly more likely to occur in LT recipients vs non-recipients. Older age, 
Caucasian ethnicity, female gender, and presence of arrhythmias were significantly associated 
with TCM in LT recipients.

Key Words: Takotsubo cardiomyopathy; Orthotopic liver transplant; Stress-induced cardiomyopathy; Clinical 
outcomes

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In a large cohort study using de-identified pooled electronic health record data, liver transplant 
recipients were more likely to develop Takotsubo cardiomyopathy compared to non-recipients. Older age, 
Caucasian ethnicity, female gender, and presence of arrhythmias were significantly associated with 
Takotsubo cardiomyopathy in liver transplant recipients.
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INTRODUCTION
Takotsubo cardiomyopathy (TCM) is a stress-induced, reversible cardiomyopathy that occurs in the 
absence of significant coronary artery disease[1]. The awareness of TCM, which was first reported in 
Japan in 1990, has increased rapidly and several nomenclatures for this condition have been proposed 
including stress-induced cardiomyopathy, apical ballooning syndrome, left ventricular ballooning, and 
broken heart syndrome[2,3]. TCM is believed to be related to the presence of an underlying pathological 
stress, whether physical or emotional[1]. Despite the enormous attention that this condition has gained 
in recent years, TCM is still considered to be underdiagnosed, with an underestimated risk and 
incompletely understood pathogenesis[4].

It is hypothesized that emotional or physical stress may trigger a surge in catecholamine secretion, 
which in turn can lead to microvascular spasms and myocardial stunning via interaction with beta-
adrenergic receptors, resulting in left ventricular systolic dysfunction[5]. Patients undergoing major 
surgery often have increased concentrations of catecholamines, caused by the physical and emotional 
stress of the perioperative period, which can contribute to the development of TCM[6]. Although TCM 
is self-limited and resolves completely without an adverse event in the majority of affected patients, it 
may result in significant morbidity and mortality in critically ill patients, such as liver transplant 
recipients, with estimated mortality rate of 10%-27%[7].

Small observational studies and case series have reported the occurrence of TCM in liver transplant 
recipients, but large cohort studies evaluating this association are lacking in the literature[6]. In addition 
to the stress imposed by the perioperative period, liver transplant candidates are particularly vulnerable 
to developing TCM due to the impaired stress response in the inflammatory milieu of hepatic cirrhosis

https://www.wjgnet.com/1948-5182/full/v14/i2/400.htm
https://dx.doi.org/10.4254/wjh.v14.i2.400
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[8,9]. Therefore, we aimed to study TCM in liver transplant recipients, providing information about the 
demographic characteristics of these patients, and delineating this unique patient population’s risk 
factors for TCM.

MATERIALS AND METHODS
Database
We conducted a retrospective, cohort study using a multicenter analytics and research platform 
developed by IBM Watson Health (Explorys Inc, Cleveland, OH, USA)[10]. At present, Explorys 
captures more than 70 million unique patients across all 50 states, and thus provides a broad regional 
and climatic distribution of source population. Diagnoses, findings, and procedures are arranged into 
the Systematized Nomenclature of Medicine - Clinical Terms (SNOMED-CT) hierarchy while 
prescription drug orders are mapped into SNOMED and RxNorm[11,12]. Patients with all types of 
insurance as well as those who self-pay are represented. Ethical review and informed consent were 
waived, since there are no identifiers associated with any of the patient data. The Explorys rounds cell 
counts to the nearest 10 and treats all cell counts between zero and 10 as equivalent in order to protect 
the identities of patients. The Explorys database has been used in multiple publications in gastroen-
terology, cardiology, oncology, neurology, and surgery[13,14].

Patient selection
Using the Explorys search tool, we identified all active patients in Explorys between 09/2015 and 
09/2020 and selected those who underwent liver transplantation. Subsequently, a cohort of patients 
with a SNOMET-CT diagnosis of “takotsubo cardiomyopathy” was identified. Cases were compared to 
those who underwent liver transplantation without a history of TCM. Using SNOMED-CT codes, we 
identified possible associated medical conditions as well as disease outcomes.

Statistical analysis
Demographics and associated diseases were characterized by descriptive statistics. The overall period 
prevalence was calculated by dividing the total number of individuals with TCM by the total number of 
individuals in Explorys who underwent liver transplantation (2015-2020). The odds ratio (OR) for 
univariate analysis, its standard error and 95% confidence intervals (CI) were calculated according to 
Altman, 1991, using the MedCalc Statistical Software for Windows, version 19.4 (MedCalc Software, 
Ostend, Belgium) with a case-control design[15]. For all analyses, a 2-sided P value of <0.05 was 
considered statistically significant.

RESULTS
There were a total of 37718540 individuals in the database (2015-2020) with 38,740 (0.1%) who 
underwent liver transplantation. Baseline characteristics of patients with liver transplant and control 
groups are demonstrated in Table 1. The majority of patient who underwent OLT were adults (18-65 
years old), female (58.1%), and Caucasian (77.8%). Among those who underwent liver transplantation, 
there were 110 patients with a diagnosis of TCM with a period prevalence rate of 0.3%. Rates of TCM 
among OLT patients and timing of diagnosis are shown in Figures 1 and 2, respectively.

Interval epidemiology and underlying associations of Takotsubo cardiomyopathy in OLT.
Of the 110 patients with the diagnosis of TCM, the majority were elderly (> 65 years old) (54.5%), 

female (72.7%), and Caucasian (90.9%) (Table 2). Patients with a diagnosis of TCM were more likely to 
have other medical diseases including hypertension (OR: 1.82, 95%CIs: 1.23-2.68, P = 0.0027), hyperlip-
idemia (OR: 1.68, 95%CIs: 1.14-2.48, P = 0.009), atherosclerosis (OR: 2.35, 95%CIs: 1.54-3.58, P = 0.0001), 
coronary artery disease (OR: 2.15, 95%CIs: 1.45-3.18, P = 0.0001), chronic kidney disease (OR: 2.27, 
95%CIs: 1.56-3.31, P < 0.0001), sepsis (OR: 5.90, 95%CIs: 4.05-8.60, P < 0.0001), anxiety (OR: 2.76, 95%CIs: 
1.90-4.02, P < 0.0001), and mood disorders (OR: 2.00, 95%CIs: 1.38-2.92, P = 0.0003) (Figure 3).

Outcomes of Takotsubo cardiomyopathy among patients with OLT.
Among patients with a history of OLT, patients who were diagnosed with TCM were more likely to 

have cardiogenic shock (OR: 12.61, 95%CIs: 6.52-24.4, P < 0.0001), and to require mechanical circulatory 
support with an intra-aortic balloon bump (OR: 19.22, 95%CIs: 7.66-48.21, P < 0.0001). These patients 
were also at a higher risk of developing cardiac arrest (OR: 9.52, 95%CIs: 5.84-15.52, P < 0.0001). Other 
complications include cerebrovascular accidents, liver failure, gastrointestinal bleeding, and an 
increased requirement of invasive mechanical ventilation and renal replacement therapy (Figure 4).
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Table 1 Baseline characteristics of patients with liver transplant versus those without liver transplant (control group)

Liver transplant No liver transplant

n = 38740 % n = 37679800 %

Takotsubo cardiomyopathy 110 0.3 13430 0.0

Age > 65 14780 38.2 8349380 22.2

Age 18-65 23470 60.6 22449470 59.6

Age < 18 500 1.3 6659540 17.7

Male 16230 41.9 16676780 44.3

Female 22510 58.1 20665100 54.8

Caucasian 30150 77.8 22446830 59.6

African American 6060 15.6 4315410 11.5

Obesity 840 2.2 5018440 13.3

Cardiomyopathy 1770 4.6 762420 2.0

Hypertension 390 1.0 3465120 9.2

Diabetes Mellitus 710 1.8 5484800 14.6

Hyperlipidemia 1220 3.1 10758820 28.6

Atherosclerosis 770 2.0 3848890 10.2

Coronary artery disease 730 1.9 3395870 9.0

Myocardial infarction 430 1.1 1528310 4.1

Ischemic heart disease 620 1.6 2285770 6.1

Chronic kidney disease 530 1.4 2052700 5.4

Alcohol abuse 80 0.2 1013590 2.7

Smoking 290 0.7 6369120 16.9

Sepsis 690 1.8 2101780 5.6

Atrial fibrillation 1030 2.7 2659760 7.1

Supraventricular arrhythmia 200 0.5 75580 0.2

Ventricular arrhythmia 590 1.5 415060 1.1

DISCUSSION
The diagnosis of end-stage liver disease (ESLD) carries a poor prognosis and is associated with 
increased cardiovascular risk[16]. It is well-known that orthotopic liver transplantation (OLT) is the 
treatment of choice for patients with irreversible ESLD due to the improved survival after 
transplantation[17]. Nowadays, with the high prevalence of ESLD, increasing numbers of patients are 
being referred for OLT[18,19]. Although OLT improves the survival of ESLD patients, post-operative 
complications that affect the outcomes and survival of this patient group may occur, including cardiac 
complications, such as TCM[6,20]. As such, it is imperative to perform careful preoperative cardiac risk 
evaluation prior to the transplantation[21].

The current study is the first national database study to assess the association between liver 
transplantation and the development of TCM. There are several important findings in this retrospective 
observational study. We found that liver transplant recipients were more likely to develop TCM 
compared to non-recipients. It is conceivable that OLT predisposes to TCM from a pathophysiologic 
standpoint, given the increased levels of stress, and thus, a higher catecholamine surge around the time 
of liver transplant surgery.

On further analysis of OLT subgroup based on occurrence of TCM, we found that the group of 
patients who developed TCM were more likely to be female, Caucasian, and elderly. This is consistent 
with prior epidemiological and clinical studies[22-24]. In a retrospective observational study that looked 
at various co-morbidities, it was found that patients with certain co-morbid conditions were more likely 
to have concurrent TCM, compared with age-matched control groups[25]. In that study, it was reported 
that sepsis, cerebrovascular accident, malignancy, and anxiety disorder increased the risk of TCM with 
an OR 13.94 (95%CI: 11.69-16.62), 10.81 (95%CI: 8.70-13.43), 1.73 (95%CI: 1.63-1.83), and 2.54 (95%CI: 
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Table 2 Baseline characteristics of patients with Takotsubo cardiomyopathy following liver transplant versus those without a history of 
Takotsubo cardiomyopathy following liver transplant (control group)

Takotsubo cardiomyopathy No takotsubo cardiomyopathy P value

n = 110 % n = 38640 %

Age > 65 60 54.5 14720 38.1 0.0005

Age 18-65 50 45.5 23400 60.6 0.0014

Age < 18 0 0.0 500 1.3

Male 30 27.3 16200 41.9 0.0022

Female 80 72.7 22440 58.1 0.0022

Caucasian 100 90.9 30060 77.8 0.0016

African American 5 4.5 6060 15.7 0.0042

Obesity 30 27.3 10500 27.2 0.9814

Hypertension 40 36.4 9250 23.9 0.0027

Diabetes mellitus 60 54.5 17910 46.4 0.0867

Hyperlipidemia 70 63.6 19720 51.0 0.009

Atherosclerosis 30 27.3 5320 13.8 0.0001

Coronary artery disease 50 45.5 12280 31.8 0.0001

Chronic kidney disease 60 54.5 13350 34.5 < 0.0001

Alcohol abuse 10 9.1 3060 7.9 0.6499

Smoking 40 36.4 10930 28.3 0.0621

Sepsis 60 54.5 6530 16.9 < 0.0001

Atrial fibrillation 50 45.5 5470 14.2 < 0.0001

Supraventricular arrhythmia 60 54.5 6740 17.4 < 0.0001

Ventricular arrhythmia 5 4.5 210 0.5 < 0.0001

Anxiety disorder 60 54.5 11700 30.3 < 0.0001

Mood disorder 60 54.5 14470 37.4 0.0003

Seizure disorder 10 9.1 1750 4.5 0.025

2.34-2.75), respectively. Patients who developed TCM in our study were also more likely to have chronic 
medical conditions, which may have possibly predisposed them to this condition via coronary microcir-
culatory dysfunction, one of the mechanisms that was proposed as a contributor in the pathogenesis of 
TCM[26]. Importantly, patients who developed TCM were found to have higher rates of arrhythmias, 
including those of atrial and ventricular origin, which is an important finding, and may contribute to 
higher morbidity and mortality in this group of patients[27,28]. It is well-known that infection and 
critical illness are associated with development of TCM, which may explain the finding of a higher 
association with sepsis in our TCM cohort[29-31]. Nonetheless, it is unclear whether sepsis preceded the 
occurrence of TCM, given the limitations of the database utilized in this study.

Furthermore, we found an increasing prevalence of TCM in our studied population of OLT recipients 
between 2015 and 2020. This higher event rate may be attributed to the increasing numbers of patients 
undergoing OLT, and perhaps more importantly, better recognition and improved diagnosis of the 
syndrome. Additionally, data from observational studies reported that coronavirus disease 2019 
(COVID-19) pandemic, which started in early 2020, may have contributed to the higher incidence of 
TCM[32-34]. The increased incidence was seen in both the general population and COVID-19 patients, 
which was linked to increased psychological distress as well as heightened sympathetic responses, 
cytokine storm, and microvascular dysfunction seen in COVID-19 patients[32]. The adverse effects on 
mental health may be consequences of social distancing, economic worry, and fear of contracting the 
virus, among other concerns. The association between COVID-19 and TCM may be explained by 
potential pathophysiological links between the two conditions. Though these direct connections are not 
fully understood, different mechanisms were proposed for this association. First, the heightened release 
of pro-inflammatory cytokines and chemokines seen in some COVID-19 patients can trigger myocardial 
injury that may lead to TCM[35]. Second, the increased sympathetic nervous system activity, noted in 
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Figure 1 Rates of Takotsubo cardiomyopathy among liver transplant patients between 2015 and 2020. LT: Liver transplant; TCM: Takotsubo 
cardiomyopathy.

Figure 2 Timing of Takotsubo cardiomyopathy diagnosis after liver transplantation shown as the cumulative percentage of the total 
number of cases diagnosed in the study period (n = 110).

some COVID-19 patients, may result in a catecholamine-induced myocardial stunning, and 
subsequently stress-induced cardiomyopathy[36]. Last, microvascular dysfunction has been reported in 
some cases of COVID-19 infection and was attributed to virus-induced systemic inflammatory response 
and coagulopathy. This microvascular dysfunction has been proposed as a potential mechanism for 
COVID-associated TCM[37]. Previous reports have shown that patients with COVID-19 infection may 
demonstrate various histopathological findings on postmortem examinations, including but not limited 
to, myocyte necrosis, inflammatory cell infiltration, lymphocytic or eosinophilic myocarditis, among 



Zmaili M et al. Takotsubo cardiomyopathy in orthotopic liver transplant

WJH https://www.wjgnet.com 406 February 27, 2022 Volume 14 Issue 2

Figure 3 Predictors of Takotsubo cardiomyopathy for liver transplant patients.

Figure 4 Clinical outcomes for patients developing Takotsubo cardiomyopathy following liver transplant.

others[38]. Whether these findings are associated with, or increase the risk of, developing TCM remains 
largely unknown.

Another key finding in our study was that patients who developed TCM had significantly higher 
rates of life-threatening complications and adverse events, including cardiogenic shock, ventricular 
arrhythmias, cardiac arrest, respiratory failure requiring invasive mechanical ventilation, acute kidney 
injury requiring renal replacement therapy, as well as ischemic cerebrovascular accidents. These 
findings are consistent with prior reports of increased in-hospital complications among patients who 
developed TCM[1,39-41]. Nonetheless, the observed differences in baseline comorbidities between the 
two study groups of OLT recipients could also represent a driving factor for the higher in-hospital 
morbidity and adverse events presenting in patients who developed TCM. Regardless of the exact 
etiology and pathogenesis, recognition of TCM as a potential postoperative complication in OLT 
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recipients is pivotal, given its implications on patient outcomes with higher rates of in-hospital complic-
ations. Prior studies showed that despite a better recognition of the syndrome, short-term mortality 
rates remained relatively high[1].

There are several limitations to the current study due to the nature and well�described shortcomings 
of database studies. First, there is an inability to verify the accuracy of diagnoses or outcomes with 
potential errors in coding of diseases or procedures. Second, the database does not capture variables 
related to the severity of TCM (e.g., left ventricular ejection fraction), cardiac-imaging data, use of antith-
rombotic agents or inotropes, and long-term outcomes. As the database also does not provide 
information regarding the temporal relationship between diagnoses, it is not possible to reliably 
distinguish in-hospital complications from comorbidities using this database. Third, owing to the 
observational nature, our study is subject to traditional biases, such as selection bias. Moreover, the 
differences reported during comparison of outcomes are subject to residual confounding. Fourth, the 
lack of follow-up data of patients limited our ability to report outcomes after hospital discharge for 
patients who developed TCM following OLT.

CONCLUSION
In conclusion, in this large, multicenter retrospective analysis of OLT recipients, transplant recipients 
had a higher rate of TCM occurrence compared to the general population. The majority of patients who 
developed TCM following OLT had higher rates of in-hospital complications, including cardiogenic 
shock, respiratory failure, ventricular arrhythmias, and the need for renal replacement therapy. Hence, 
TCM development among OLT patients contributes to significant patient morbidity and resource 
utilization. Multicenter, prospective studies focusing on risk factors and predictors of TCM in OLT 
recipients are required, in order to fully explore the factors responsible for this disease association and 
confirm the various outcomes observed in this patient population.

ARTICLE HIGHLIGHTS
Research background
Orthotopic liver transplant recipients are a particularly vulnerable patient population with an elevated 
risk of developing various complications. Takotsubo cardiomyopathy (TCM) is one of the complications 
that is thought to have an association with liver transplantation, and can impact the overall prognosis.

Research motivation
Limited data is available regarding the association between orthotopic liver transplantation and TCM. 
The current research study evaluated this proposed association, and investigated the predictors and 
outcomes in this specific patient population.

Research objectives
To study the association between orthotopic liver transplantation and TCM, provide details about the 
demographic characteristics of the patient cohort, and examine the factors that affect the development of 
TCM in liver transplant patients, with a focus on identifying predictive variables and associated 
outcomes.

Research methods
Using a multi-center database of de-identified electronic health record data, a cohort of patients who 
underwent orthotopic liver transplant during the study period was identified. The sample was invest-
igated to reveal the subset of patients who developed TCM. The data was analyzed to evaluate the 
association of TCM and liver transplantation, and descriptive statistical methods were utilized to 
demonstrate the specific features pertaining to the cohort of interest.

Research results
The study revealed that TCM is more likely to develop in liver transplant recipients compared to non-
recipients. Predictors for the development of this association are described, with older age, female 
gender, and Caucasian ethnicity being a few notable risk factors. The research study also showed a 
higher incidence of poor outcomes in liver transplant patients who develop TCM, including but not 
limited to, cardiogenic shock, cardiac arrest, and multi-organ failure.

Research conclusions
Liver transplant recipients are a vulnerable patient population who have a higher risk of developing 
TCM. The development of this cardiac complication is associated with a heightened rate of in-hospital 
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complications. Knowledge of preexisting risk factors may help identify high-risk patients, and can 
impact management decisions.

Research perspectives
Future multicenter, prospective research studies focusing on risk factors and predictors of TCM in 
orthotopic liver transplant recipients are required, in order to fully explore this disease association and 
confirm the various outcomes observed in this patient population.
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