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Background: Takotsubo syndrome (TTS) occurs more frequently in cancer patients than in the general population, but the effect of specific TTS triggers on outcomes in cancer patients is not well studied.

Objectives: The study sought to determine whether triggering event (chemotherapy, immune-modulators vs. procedural or emotional stress) modifies outcomes in a cancer patient population with TTS.

Methods: All cancer patients presenting with acute coronary syndrome (ACS) between December 2008 and December 2020 at our institution were enrolled in the catheterization laboratory registry. Demographic and clinical data of the identified patients with TTS were retrospective collected and further classified according to the TTS trigger. The groups were compared with regards to major adverse cardiac events, overall survival and recovery of left ventricular ejection fraction (LVEF) and global longitudinal strain (GLS) after TTS presentation.

Results: Eighty one of the 373 cancer patients who presented with ACS met the Mayo criteria for TTS. The triggering event was determined to be “cancer specific triggers” (use of chemotherapy in 23, immunomodulators use in 7, and radiation in 4), and “traditional triggers” (medical triggers 22, and procedural 18 and emotional stress in 7). Of the 81 patients, 47 died, all from cancer-related causes (no cardiovascular mortality). Median survival was 11.9 months. Immunomodulator (IM) related TTS and radiation related TTS were associated with higher mortality during the follow-up. Patients with medical triggers showed the least recovery in LVEF and GLS while patients with emotional and chemotherapy triggers, showed the most improvement in LVEF and GLS, respectively.

Conclusion: Cancer patients presenting with ACS picture have a high prevalence of TTS due to presence of traditional and cancer specific triggers. Survival and improvement in left ventricular systolic function seem to be related to the initial trigger for TTS.
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Introduction

Takotsubo syndrome (TTS) is a condition characterized by transient and reversible left ventricular (LV) systolic dysfunction frequently preceded by stressors, either emotional or physical; however, 28% of patients have no correlating evident trigger (1–4). Identifying the preceding event is important, as different triggers have been shown to influence TTS outcome (5, 6). A new classification of TTS was proposed recently to acknowledge these triggers: (1) primary TTS (TTS triggered by psychological stress) and (2) secondary TTS (related to physical factors such as surgery, trauma, and medical complications). Patients with secondary TTS have significantly worse prognosis than patients with primary TTS (6).

The trigger and underlying mechanisms of TTS are of particular importance in vulnerable populations, such as cancer patients in whom it is not only more prevalent but portrays a prognosis similar to true non-ST-elevation myocardial infarction (NSTEMI) (7–9). Among those with a history of TTS, cancer is the major cause of death, making cancer survivors with TTS an especially vulnerable population (9).

Patients with TTS often have increased tendencies to have thromboembolic events (10, 11) and often portray a worse prognosis in the setting of atrial fibrillation, malignant ventricular arrhythmias, and cardiogenic shock (12–14). A substantial number of TTS patients show an association with malignancy and some studies suggest that an appropriate screening for malignancy should be considered in these patients (15). Patients with TTS have more often malignant diseases than patients with MI and cancer patients with TTS have a worse clinical outcome (16). The underlying mechanism is unclear yet, but the results point at TTS being the syndrome of an extracardiac disease rather than a disease of cardiac origin (8). Positive emotional trigger related TTS has been described as “happy heart syndrome” (17). It is a rare type of TTS characterized by a higher prevalence of male patients and atypical, non-apical ballooning and similar outcomes compared to patients with negative stressors in short term studies (17).

The possible triggers of TTS in cancer patients can be both “cancer specific triggers” (use of chemotherapy, immunomodulators, and radiation) and “traditional triggers” (medical, procedural and emotional triggers). Several chemotherapeutic agents have been associated with TTS with varying hypothesized mechanisms but they have not been fully explored, and while a temporal relationship has been established, a causal relationship between chemotherapeutic/immune-modulating agents and TTS is yet to be confirmed (18). Due to aforementioned reasons, we hypothesize that a trigger-driven study may help improve understanding, guide treatment, and predict outcomes in a cancer patient population presenting with TTS.



Materials and methods


Study population

All cancer patients presenting with ACS who met the modified Mayo criteria for TTS (19, 20) and underwent quantitative coronary angiography and left ventriculogram between December 2008 and December 2020 at The University of Texas MD Anderson Cancer Center catheterization laboratory were entered into the laboratory registry. Demographic and clinical data was collected retrospectively. This study was approved by the Institutional Review Board. Patient informed consent was waived due to the retrospective nature of data analysis.

Baseline demographic information (age and sex), cardiovascular risk factors (coronary artery disease, hypertension, hyperlipidemia, diabetes mellitus, and smoking status), type of malignancy, cancer stage, and past and current anticancer therapeutic regimens were reviewed. Patients with multiple cancers were categorized according to the malignancy being actively treated at the time of TTS.

Potential sources of “traditional triggers” including emotional, procedural, or medical stress during the week prior to TTS onset were systematically reviewed. This review included terms referring to medical complications, any type of invasive procedure or surgery, and emotional challenges (anger, anxiety, or grief) as documented in the clinical notes before/during the TTS event.

Based on this information, patients were classified according to the predominant trigger as having chemotherapy-induced TTS (CI-TTS; chemotherapy), immunomodulator-induced TTS (IM-TTS: Immune checkpoint inhibitors, Notch Inhibitors, Colony stimulating factors, Anti CD-20) and procedural/emotional TTS (PE-TTS).

TTS was regarded as being chemotherapy/immunotherapy/radiation-induced if the episode occurred within one week after exposure to the trigger and no significant medical complication, invasive procedure, or significant emotional stress was noted during this time. This cut-off point is based on a recent review specifically on CI-TTS (21). Moreover, CI-TTS and IM-TTS were considered if cardiac symptoms were documented when chemotherapy and immunotherapy were administered respectively.

Imaging data including electrocardiograms (ECG), transthoracic echocardiograms, and coronary angiograms/left ventriculography as well as laboratory data including cardiac troponin, complete blood count/complete metabolic panel (CBC/CMP) etc. were reviewed. We characterized cancer patients in terms of ECG patterns, cardiac biomarkers, and echocardiographic findings, including apical vs. midcavitary TTS morphology. Patients with stenosis on quantitative coronary angiography (>50% of left main or >70% of any major coronary artery) or with definite evidence of myocardial infarction were excluded. Additionally, follow-up echocardiography was performed and recovery time to normal left ventricular ejection fraction (LVEF) or, if available, baseline LVEF, was noted.

We compared the overall incidence of major adverse cardiac events, defined as cardiac death or arrest, myocardial infarction, or re-hospitalization for unstable or progressive angina, and overall survival (OS) in cancer patients with TTS, as well as grouped based on triggering event, CI-TTS vs. PE-TTS vs. IM-TTS. The cause of death was classified as cardiac- or cancer-related. Cancer was considered the cause of death if the patient’s demise was secondary to cancer therapy–related complications (e.g., sepsis) or to progression of disease with a patient-requested do not resuscitate/intubate order and/or care transferred to a hospice team.

Additionally, we assessed the impact of the clinical measures of TTS severity, such as LVEF at presentation, cardiac biomarkers or thrombocytopenia, on the prognosis of these groups.



Statistical analysis

Patient characteristics were summarized with descriptive statistics for the entire group by survival status. Overall survival (OS) was defined as the time interval from the TTS event to death. For survival analysis up to 72 months, patients who were alive were censored at last follow-up or 72 months, whichever was earlier. Patients who died more than 72 months after the TTS event were censored at 72 months. Univariable Cox proportional hazards regression was used to identify factors that were significantly associated with risk of death. Factors identified by this analysis with a p-value less than 0.15 were initially included in a multivariable Cox regression model and reduced by backward elimination. Factors with p-value less than 0.05 were retained in the multivariable model. A p-value of less than 0.05 was regarded as indicating statistical significance. The SAS 9.4 software (SAS Institute INC., Cary, NC) was used for data analysis.




Results


Baseline characteristics

Of 373 patients presenting with ACS, 81 (21.7%) patients met the Mayo criteria for diagnosis of TTS and were included in the study. The majority of patients were women (64/81; 79%). Baseline demographics and results of clinical evaluation of TTS patients in the study are shown in Table 1.


TABLE 1    Baseline characteristics of the studied population.
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Furthermore, for CI-TTS patients, information on primary cancer type, ECG findings, peak troponin I and BNP values, LVEF, angiography findings, TTS morphology (apical/midcavitary), and survival at 72 months are summarized (Supplementary Table 1 and Supplementary Figures 1, 2). Clinical features were further analyzed according to proposed TTS mechanism between (PE-TTS and CI-TTS groups) in Table 2.


TABLE 2    Demographic information for the study group organized by proposed TTS mechanism (PEM-TTS vs. CI-TTS).
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Results based on triggers

We observed 23 out of 81 patients (28.5%) had CI-TTS, 22 due to medical condition (27.2%), 18 procedure related (22.2%), 7 (8.6%) due to emotional trigger, 7 (8.6%) due to immunomodulators and 4 (4.9%) due to chest radiation. Majority of the patients were women (79%). The median follow-up time was 31.3 month and median survival was 11.9 months (Figure 1A). All deaths were secondary to cancer and no major adverse cardiac events were recorded during the follow-up period.
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FIGURE 1
Kaplan-Meier curves for overall survival. (A) Overall survival (OS) of TTS patients. (B) OS by chemotherapy. (C) OS by active treatment.


Compared to patients not receiving active chemotherapy, the overall survival of patients receiving chemotherapy was worse at 72 months (log-rank test p = 0.0405) (Figure 1B). Survival of patients not receiving any kind of cancer therapy (chemo, radiation, etc.) was also significantly better at 72 months (log-rank test p = 0.0061) (Figure 1C).

Using emotional trigger as reference, Immunomodulator triggered IM-TTS (immune checkpoint inhibitors, notch inhibitors, colony stimulating factors, Anti CD 20, mTOR inhibitor) was associated with HR of 9.7 compared to emotional trigger (CI 1.92–49.1 p = 0.0060). Radiation triggered TTS also had HR of 10.369 (1.845–58.264) (p = 0.0079). Kaplan-Meier curve comparing the overall survival of patients showed significantly worse prognosis for radiation exposure and immunomodulators with 100% mortality before 24 months (p = 0.0004) (Figure 2).
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FIGURE 2
Kaplan-Meier curves for survival based on individual triggers.


Using paired-t-test, the mean ejection fraction prior to TTS event, at the time and during recovery were compared. The mean difference between ejection fraction during TTS and baseline ejection fraction was –21.73 ± 12.93 (p < 0.0001), and the mean ejection fraction recovery was 14.83 ± 14.60 (p < 0.0001). Despite recovery of ejection fraction, the recovered ejection fraction was –8.93 ± 11.83 (p < 0.0001) compared to baseline (Figure 3A and Table 3). Similarly, global longitudinal strain (GLS) was –19.6 ± 3.18% at baseline. During TTS, the mean strain was –11.94 ± 4.21% with a mean difference of 9.04 ± 4.14% (P < 0.0001). GLS recovered by a mean difference of –3.63 ± 5.16% following TTS episode (p = 0.0420) (Figure 3B and Table 4).
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FIGURE 3
Time to recovery of left ventricular ejection fraction (LVEF) and global longitudinal strain (GLS). (A) Election fraction (EF) comparing baseline, during TTS episode and following recovery. (B) Global longitudinal strain (GLS) at baseline, during TTS episode and following recovery. (C) Time to EF recovery. (D) Time to GLS Recovery.



TABLE 3    Ejection fraction prior to TTS, during episode and following recovery.
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TABLE 4    Global longitudinal strain during episode and following recovery.
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Time to EF recovery was dependent on trigger. Chest radiation induced TTS patients showed 50% recovery at 3 month, compared to 80% recovery for emotionally triggers TTS. TTS due to the patient’s medical condition showed the worst recovery (5% at 9 months), followed by chemotherapy induced TTS (25% at 12 months) (Figure 3C). Similarly, time to GLS recovery varied base on trigger. At 12 months, 50% IM-TTS, 70% CI-TTS, 50% emotionally triggered TTS, and 40% of TTS due to patient’s medical condition showed GLS recovery (Figure 3D).




Discussion

The important findings of this study include, (1) There is a high prevalence (21.7%) of TTS in cancer patients presenting with ACS due to presence of “cancer specific triggers” (use of chemotherapy, immunotherapy and radiation) in addition to traditional triggers (procedure, emotional and medical triggers), (2) In cancer patients with TTS, the survival differed based on inciting trigger with emotional trigger having best survival and immunomodulators and chest radiation triggers having worst survival. (3) Recovery of LVEF also varied based on the event leading to TTS with emotional trigger showing best improvement while medical triggers followed by chemotherapy triggers showing least recovery in LVEF. (4) Recovery of GLS was best with chemotherapy related TTS while medical triggers showing least recovery.

The prevalence of TTS in all patients presenting with ACS has been reported to be 4.4% in one study and around 1–2.5% in a systematic review (22). Prior studies have reported a higher prevalence of malignancy in TTS patients (23). While explicitly studying cancer patients presenting with ACS, a higher prevalence of TTS was observed in our study (21.7%) than previously reported for general patient population (24). Various potential explanations for this observation include emotional turmoil of cancer diagnosis, physical distress from cancer and its treatment and importantly the well-known cardiotoxic effects of various anticancer therapies (24).

In previous large scale studies of TTS patients, physical/medical triggers are more common compared to emotional triggers and independent predictor of in-hospital complications. Our study is unique since we included only cancer patients and concluded that cancer treatment related TTS, particularly immunotherapy or radiation therapy, portrays a worse prognosis when compared to emotional triggers (23). Another important observation was that patients who developed TTS while on treatment with anticancer therapy including chemotherapy, had a worse survival when compared with those who were not receiving active treatment. This may be due to selection bias where more sick patients were exposed to anticancer therapies including chemotherapy that lead to a worse survival.

Two prevailing theories to explain the pathophysiology of TTS include an “excess catecholamine release” and a “transient vasospastic state” (24–27). Among cancer patients with TTS, PE-TTS can be due to various physical stressors like cancer surgery, increased predisposition to infection and sepsis from an immunocompromised state, via an “excess catecholamine release” (24, 25). Vascular endothelial dysfunction in the setting of malignancy and its treatment can explain the CI and IM-TTS via the “transient vasospastic state” (28). Many chemotherapeutics and immunomodulators have been associated with TTS but 5-FU is frequently involved trigger in CI-TTS (29, 30). Recent evidence suggests that inflammation of the coronary adventitial vasa vasorum and perivascular adipose tissue is associated with coronary spasm (31). These results have not yet been replicated in a cancer population; however, cancer is known to be a pro-inflammatory state. Future studies should further evaluate a possible pathophysiological interconnection between cancer—inflammation—vasospasm—TTS. Some other contributing factors including a protective effect of estradiol on the electric disturbances seen in TTS patients and hyperthyroidism seen in TTS patients can be worthwhile targets in treating and preventing TTS in all patients including cancer patients (32, 33).

Another important finding from our study was regarding recovery of LV systolic function. It is now well known from various studies that despite normal or recovered LVEF, patients with TTS can have subclinical LV dysfunction in form of reduced apical or global longitudinal strain (34, 35). In our study CI-TTS patients showed best recovery of GLS while medical triggers had the least recovery of GLS. This could either be due to choosing alternative therapies with minimal cardiotoxic affects in patients developing CI-TTS, as well as meticulous surveillance, and prophylactic use of cardio-protective medications in such patients while on chemotherapy, rendering a better improvement in GLS. Despite a small sample size and being underpowered for this outcome, the improvement in GLS did not correlate with improvement in LVEF during the follow-up.

Having a large population of patients with chemotherapy-induced TTS was useful for noting features of chemotherapy-induced TTS (Supplementary Table 1). We found that patients can present with certain ECG findings. T-wave inversion was the most common ECG pattern in our population, which is consistent with our previous study (23, 24). Among patients with exposure to chemotherapy, the apical morphology was found in the vast majority of cases, while the distribution between apical and midcavitary morphology was more equal in the PE-TTS group. Unfortunately, our study was not powered to detect statistical significance of these features in CI-TTS. Moreover, limited data exists regarding rechallenging patients with cancer therapy induced TTS with the same therapy. Rechallenging should be avoided if possible, particularly if the LVEF or GLS does not completely normalize (21). If it is inevitable or if the LVEF and GLS have normalized, rechallenging can be considered while maintaining patients on the cardioprotective treatments and with close surveillance (36).


Strengths and limitations

Several aspects of our study contribute to its strength. First, we had access to a large population of cancer patients with TTS and the largest population of patients with CI-TTS known to date. Second, patients included in our study who are not classified as having CI-TTS are, nonetheless, cancer patients, eliminating a potential confounding factor if CI-TTS were to be compared with the TTS population in general. Third, the cardiac catheterization laboratory at The University of Texas MD Anderson Cancer Center allowed for on-site documentation of absence of prior cardiac disease and TTS morphology with angiography during the acute TTS episode. This advantage allowed our unique patient population to undergo state-of-the-art cancer treatment as well as cardiac assessment within the same facility. An important aspect for future studies can involve studying involvement of right ventricle (RV) function including RV strain to assess for subset of patients who present with biventricular TTS. Data regarding RV function during the episode of TTS at follow-up was not obtained in this study but prior studies have indicated a higher prevalence of biventricular TTS in cancer patients (37).

On the other hand, our study suffers from the known limitations of retrospective study. Additionally, a causal relationship between various TTS triggers and survival is extremely difficult to establish due to multiple confounding factors in this complex patient population. Despite the higher incidence of TTS in cancer patients, the sample size of patients is simply not large enough to produce a study with matching that may point to chemotherapy as the only factor causing worse outcomes in these patients. Nonetheless, we believe it is important for clinicians to note that patients with TTS who have recent exposure to chemotherapy are at higher risk for death extending beyond the duration of cancer treatment. Identification of the triggering event in cancer patients with TTS also presents the challenge of separating pure emotional stress from the psychological and physical stress that parallels diagnosis, treatment, and follow-up of malignancies. Also, distinguishing LV dysfunction from myocardial toxicity from CI-TTS can be challenging in the absence of endomyocardial biopsy and is strictly based on the left ventriculogram and echocardiographic appearance (cardiotoxicity with a global and more patchy appearance, vs. CI–TTS with the typical subtypes: apical, midcavitary, or reversed). Our classification of the mechanism of TTS in this study is empirical, since it is possible that both catecholamine excess and vasospasm are involved in the pathogenesis of both CI-TTS and PE-TTS. Unfortunately, the number of patients who qualify for a study on CI-TTS will always be low, and thus the study suffers from limitations in terms of the power of its findings. It is important to note that the distribution of cancers involved in this study could differ significantly from that of another population of patients. Different malignancies can have significantly varied prevalence, treatments, and outcomes.




Conclusion

TTS can present in cancer patients after a wide spectrum of triggering events. CI-TTS presents mainly in women and is predominantly segmental and apical in morphology on echocardiography. PE-TTS appears to be better tolerated and to have better outcomes at 2 years. Underlying mechanisms of TTS could possibly predict outcomes in a cancer population. These results suggest that identifying a physical or emotional stressor as a cause of TTS among cancer patients may indicate a better prognosis than TTS induced by immunotherapy, radiation therapy and chemotherapy.
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SUPPLEMENTARY FIGURE 1
Diagnostic studies for chemotherapy induced apical takotsubo syndrome.

SUPPLEMENTARY FIGURE 2
Diagnostic studies for procedural/emotional trigger induced midcavitary takotsubo syndrome.
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Showing characteristics of various chemotherapy regimen induced takotsubo syndrome.
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