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BRIEF COMMUNICATION

Renin-Angiotensin and Endothelin Systems 
in Patients Post-Takotsubo Cardiomyopathy
Hilal Khan , MB BCh, BAO, MRCP; Amelia Rudd, RDCS, BSE; David T. Gamble, MB ChB, MRCP;  
Alice M. Mezincescu, MD, PhD, MRCP; Lesley Cheyne, BSC; Graham Horgan , BSc, PhD;  
Neeraj Dhaun , MBBS, PhD; David E. Newby , PhD, DM, FACC, FESC; Dana K Dawson , MD, DPhil

BACKGROUND: We investigate if renin-angiotensin and endothelin-1 response pathways follow the same pattern of recovery as 
left ventricular ejection fraction in patients with takotsubo cardiomyopathy.

METHODS AND RESULTS: Ninety patients with takotsubo cardiomyopathy (n=30 in each of “acute,” “convalescent” [3–5 months] 
and “recovered” [>1 year] groups) who were on minimal or no medication and were free of any significant cardiac/metabolic 
comorbidities, and 30 controls were studied. Serum concentrations of renin, angiotensin-converting enzyme, angiotensin II, 
big endothelin-1, endothelin-1 were measured using commercially available ELISA, and B-type natriuretic peptide was meas-
ured using an immunoassay. Mean left ventricular ejection fraction was <40% during the acute phase in all groups, but recov-
ered to 63% in convalescent and 64% in the recovered groups, respectively. Serum renin concentrations remain persistently 
elevated after a episode of takotsubo cardiomyopathy (P=0.03 versus controls). Angiotensin converting enzyme levels are 
significantly depressed during the acute phase compared with convalescent (P=0.004), recovered takotsubo cardiomyopathy 
(P=0.02) or controls (P=0.03). Angiotensin II is increased in patients with takotsubo cardiomyopathy (P<0.001 versus controls) 
remaining persistently elevated in the chronically recovered group alone (P=0.03 versus controls). Big endothelin-1 levels are 
unchanged, but endothelin-1 is significantly lower after takotsubo cardiomyopathy compared with controls (P=0.03).

CONCLUSIONS: Despite “normalization” of the left ventricular ejection fraction, there is long-term maladaptive activation of renin-
angiotensin system in patients with takotsubo cardiomyopathy.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifiers: NCT02897739, NCT02989454.
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Takotsubo cardiomyopathy has become a well-
recognized acute cardiac disease, mimicking an 
acute myocardial infarction in its presentation, 

with chest pain/breathlessness, electrocardiographic 
changes, and biomarker release. The hallmark of the 
condition is “ballooning” myocardial dysfunction in the 
absence of culprit lesions on coronary angiography and 
usually in response to emotional or physical stressful trig-
gers.1 Several large registries have reported increased 
morbidity and mortality of patients with takotsubo cardio-
myopathy2,3 comparable with that of myocardial infarc-
tion but no evidence-based therapies exist to improve its 
prognosis, mainly because of a lack of understanding of 

its pathophysiology. We have recently demonstrated that 
despite a rapid and spontaneous recovery of the left ven-
tricular ejection fraction, at least a proportion of patients 
with a previous diagnosis of takotsubo cardiomyopa-
thy evolve towards a heart failure with preserved ejec-
tion fraction phenotype, when examined at a median of 
2 years post-acute event.4 Neurohumoral activation has 
been well described in heart failure with reduced ejection 
fraction, and its antagonism is the basis for modern, first 
line therapy. In contrast, there is marked heterogeneity 
in neurohumoral activation in heart failure with preserved 
ejection fraction,5 where neuro-hormonal blockade trials 
that collectively included patients of multiple aetiologies 
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were unsuccessful. Here, we investigate if the sequential 
acute to long-term response of the renin-angiotensin and 
endothelin-1 systems follows the “normalization” of the 
left ventricular ejection fraction in patients with takotsubo 
cardiomyopathy.

METHODS
Study Population
Patients with takotsubo cardiomyopathy previously 
enrolled at the University of Aberdeen/Aberdeen Royal 
Infirmary between June 2011 to March 2019 (HEROIC 
[Persistent Symptoms and Early Incomplete Recovery 
After Acute Stress-induced Cardiomyopathy: Is There 
Ongoing Heart Distress? The HEROIC Study] and 
TERRIFIC [Pathogenesis of Acute Stress Induced 
(Tako-tsubo) Cardiomyopathy: Energy Shut-Down or 
Intense Inflammation?]) were retrospectively identified 
based on their clinical characteristics, serum availability 
in the biobank and medications prescribed. All patients 
had serial cardiac magnetic resonance imaging scans 
performed to determine left ventricular ejection frac-
tion. In addition, age- and sex-matched controls were 
recruited to fit the comorbidity profile of the patients as 
best possible. The study protocol was reviewed and 
approved by the institutional review board. All patients 
gave written informed consent for sampling, storing 
and subsequent processing of blood. The data that 
support the findings of this study are available from the 
corresponding author upon reasonable request.

Exclusion Criteria
Any patients with endocrine diseases and/or any co-
morbidities or medications that could influence the 
biomarkers tested in this report were not selected.

Blood Sample Timing and Collection
Blood samples were collected during the acute pres-
entation (“acute”), convalescence (3–5 months after 
presentation, “convalescent”), and at least 1 year after 
index presentation (“recovered”). In brief, 20 mls blood 
was sampled in BD Vacutainer SST and EDTA tubes, 
followed by immediate centrifugation for 15 minutes at 
1300 g, at room temperature. The resultant serum was 
carefully pipetted, aliquoted in separate cryovials and 
immediately stored in a −80 °C biorepository freezer at 
the University of Aberdeen.

Measurement of Renin, Angiotensin-
Converting Enzyme and Angiotensin II, 
Big Endothelin, and Endothelin-1
Commercially available ELISA kits were used to 
measure renin (R&D Systems Inc, Human Renin 
Quantikine ELISA Kit, Abingdon, United Kingdom), 

angiotensin-converting enzyme (Abcam, ab263889 
Human ACE SimpleStep ELISA Kit, Cambridge, United 
Kingdom), angiotensin II (Biovision, Angiotensin II (Ang II) 
(Human) ELISA Kit, Milpitas, Canada), Big Endothelin-1 
(Invitrogen, Human Big ET-1 Platinum ELISA, Vienna, 
Austria) and Endothelin-1 (MyBioSource, Human 
Endothelin 1 ELISA Kit, California). Between 50 to 
100 μL of serum was used for each and the protocol 
followed the manufacturer’s instructions.

Measurement of B-Type Natriuretic 
Peptide
B-type natriuretic peptide concentration were meas-
ured using a benchtop immunoassay (Alere Triage 
MeterPro); 1 to 2 μL of serum was used for each fol-
lowing the manufacturer’s instructions.

Statistical Analysis
Patients were added to the study based on age and 
sex to ensure group differences in mean age remained 
minimal. Data were analyzed by 1-way ANOVA, and 
group means were compared by post hoc tests with 
Tukey adjustment. Some of the outcomes were corre-
lated with age and for these variables we reported the 
results of an ANOVA in which age was included as a 
covariate. This analysis was examined for all variables 
and the significance of age used to assess if the cor-
relation was present. Data are shown as mean±SEMs. 
Where variable distributions appeared skewed, they 
were log-transformed before analysis. It wasn’t com-
pletely clear from outcome histograms whether a log 
transform was appropriate or not, so we performed 
an analysis on both original and log scale. For all re-
sults presented, the significance of what is stated was 
present in both versions. Means are presented from 
the untransformed version. Calculations were done 
with R3.6 (R Foundation for Statistical Computing, 
Vienna). A P value <0.05 was considered as statisti-
cally significant.

RESULTS
Study Patients
Ninety patients with takotsubo cardiomyopathy (n=30 
in each of the “acute,” “convalescent,” and “recovered” 
groups) and 30 controls were studied. Population de-
mographics, including left ventricular ejection fraction 
at time of acute diagnosis and at time of sampling, and 
medications are shown in Table  1. Only 1 patient in 
the “recovered” takotsubo cardiomyopathy group had 
a small area of fibrosis on cardiac magnetic resonance, 
presumed to be a previous myocardial infarction which 
was unknown to the patient. Eighteen patients were 
part of both acute and convalescent groups.
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Renin-Angiotensin Axis in Takotsubo 
Cardiomyopathy at Presentation and 
During Follow-Up

Patients with takotsubo cardiomyopathy had higher 
renin compared with controls (P=0.03; Figure  A), 
and out of the 3 takotsubo cardiomyopathy 
groups, the renin level in the acute group was sig-
nificantly elevated compared with healthy controls 
(P=0.03). Angiotensin-converting enzyme levels were 

significantly reduced during acute presentation com-
pared with convalescent patients with takotsubo 
cardiomyopathy (P=0.004), recovered takotsubo 
cardiomyopathy (P=0.02) or the control population 
(P=0.03, Figure  B). The takotsubo cardiomyopathy 
population had significantly elevated angiotensin II 
levels compared with controls (P<0.001), and the an-
giotensin-II levels were significantly increased in the 
recovered takotsubo cardiomyopathy group alone 
compared with the control group (P=0.03, Figure C).

Table 1.  Baseline Characteristic in Patients With Takotsubo Cardiomyopathy and Matched Controls

Takotsubo cardiomyopathy patients
Matched 
controls

P value (ANOVA)

Acute  
(n=30)

Convalescent 
(n=30)

Recovered  
(n=30) (n=30)

Age, y 61 (51–73) 61 (56–70) 66 (58–72) 57 (51–66) 0.406

Female sex, n (%) 30 (100) 29 (97) 30 (100) 28 (93) 0.295

Time to blood sampling from presentation, d 5.65 (1.5–10.5) 154 (112–159) 1419 (747–1904) N/A

Left ventricular ejection fraction at 
presentation (%)

38±1.6 39±2.2 39±4.3 N/A

Left ventricular ejection fraction at blood 
sampling (%)

38±1.6 63±2.0 64±2.6 N/A

Past medical history

Hypertension, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

Myocardial infarction, n (%) 0 (0) 0 (0) 1 (3) 0 (0) 0.396

Previous takotsubo cardiomyopathy, n (%) 3 (10) 3 (10) 0 (0) 0 (0) 0.025

Diabetes, n (%) 1 (3) 1 (3) 0 (0) 0 (0) 0.574

Medication history

Beta-blocker, n (%) 2 (7) 2 (7) 11 (37) 0 (0) 0.001

Calcium channel blocker, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

Angiotensin-converting enzyme inhibitor, 
n (%)

0 (0) 0 (0) 0 (0) 0 (0)

Angiotensin receptor blocker, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

Diuretic, n (%) 1 (3) 1 (3) 7 (23) 0 (0) 0.001

Mineralocorticoid antagonists, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

Endothelin receptor antagonists, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

Trigger type

Emotional, n (%) 15 (50) 16 (54) 15 (50) N/A 0.842

Physical, n (%) 9 (30) 7 (23) 8 (27) N/A 0.848

None, n (%) 6 (20) 7 (23) 7 (23) N/A 0.937

Takotsubo variant

Apical, n (%) 26 (88) 26 (88) 26 (88) N/A

Mid-cavity, n (%) 3 (9) 3 (9) 4 (12) N/A

Basal, n (%) 1 (3) 1 (3) 0 (0) N/A

Echocardiographic features

Left ventricular twist, ° 11.66±1.32 14.04±1.83 9.83±5.74 N/A 0.458

Apical circumferential strain, % −12.14±1.44 −19.64±0.67 −15.06±1.38 N/A <0.001

Global longitudinal strain, % −12.13±0.76 −18.52±0.58 −16.31±0.98 N/A <0.001

Tricuspid regurgitation jet velocity, m/s 2.50±0.13 3.78±1.25 2.27±0.12 N/A 0.461

E/E’ ratio 11.76±0.86 8.8±0.46 7.67±0.82 N/A 0.002

Data are shown as frequencies n (%), ° (degrees of rotation), or mean (interquartile range) or mean±SEM. The ANOVA P value reflects significant differences 
in means across all 4 groups.
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Endothelin System in Takotsubo 
Cardiomyopathy at Presentation and 
During Follow-Up
There was no significant difference in big endothelin-
1 serum levels between groups with takotsubo car-
diomyopathy during any point in the natural history of 
the condition or compared with controls (Figure  D). 
The takotsubo cardiomyopathy population had lower 
endothelin-1 compared with controls (P=0.03; Figure 
E), with endothelin-1 level in the chronically recovered 
takotsubo cardiomyopathy group alone being signifi-
cantly lower compared with healthy controls (P=0.02).

B-Type Natriuretic Peptide in Takotsubo 
Cardiomyopathy at Presentation and 
During Follow-Up
The takotsubo cardiomyopathy population had signifi-
cantly elevated B-type natriuretic peptide concentration 

compared with controls (P=0.003). B-type natriuretic 
peptide concentration was elevated during the acute 
presentation compared with convalescent takotsubo 
cardiomyopathy (P=0.023), recovered takotsubo car-
diomyopathy (P=0.04), or control population (P=0.005) 
– Figure F.

All biomarker numerical data and overall ANOVA are 
presented in Table 2.

DISCUSSION
We demonstrate major acute (adaptive) and chronic 
(maladaptive) activation of the neurohumoral system 
and a persistent reduction in the biologically active en-
dothelin-1 in patients with takotsubo cardiomyopathy.

During any acute heart failure episode or further de-
compensation, the renin-angiotensin system becomes 
activated resulting in elevated plasma neurohormone 
concentrations. In the subsequent chronic stages of 

Figure.  Neurohumoral, endothelin and natriuretic peptide axes in takotsubo cardiomyopathy compared with matched 
controls.
Serum concentrations of renin (A), angiotensin-converting enzyme (B), angiotensin II (C), big endothelin-1 (D), endothelin-1 (E) 
and B-type natriuretic peptide (F) in acute (n=30), convalescent (n=30) and chronically recovered (n=30) patients with takotsubo 
cardiomyopathy and matched controls (n=30). Data presented as median, 25th and 75th centiles, and maximum and minimum 
(whiskers) with superimposed individual data points.
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“stable” heart failure, serum neurohormone concen-
trations decrease but do not normalize. On the other 
hand, endothelin-1 and its precursor, big endothelin-1, 
are increased throughout. We selected a representa-
tive cohort of patients with takotsubo cardiomyopathy 
with no confounding comorbidities or medications that 
could affect the renin-angiotensin or endothelin sys-
tems, to investigate if the renin-angiotensin and endo-
thelin-1 response pathways follow the same pattern of 
recovery as the left ventricular ejection fraction.

The present study demonstrates a similar dysregu-
lation of the renin-angiotensin system as seen in clas-
sical heart failure syndromes of other etiologies, with 
increases in renin and, in the longer term, angioten-
sin II concentrations.6 We did observe an initial fall in 
angiotensin-converting enzyme concentrations that 
may reflect compensatory, alternative pathways of 
angiotensin II synthesis regulated by the significantly 
elevated natriuretic peptides.7,8 However, while such 
regulatory mechanisms of angiotensin II synthesis 
may be required to maintain hemodynamic stability 
in the acute setting and are most likely adaptive, the 
significantly increased angiotensin II concentration in 
the chronically recovered patients imply a sustained, 
maladaptive neurohormonal activation. Such chronic 
increase in angiotensin II mediates profibrotic and 
proinflammatory pathways in the myocardium, which 
are in keeping with the concept of heart failure with 
preserved ejection fraction previously demonstrated 
by our group in patients post-takotsubo cardiomyop-
athy.4,9 The predominant echocardiography findings 
in patients with takotsubo cardiomyopathy are de-
creased global longitudinal strain, apical circumfer-
ential strain, and left ventricular twist and torsion.4,10 
Global longitudinal strain and apical circumferential 
strain improve during the convalescent period (median 

5 months) but worsen during the recovered period 
(median 47 months) matching the trend seen with an-
giotensin II levels. Despite their persistently elevated B-
type natriuretic peptide levels, patients with takotsubo 
cardiomyopathy have normal estimated left ventricular 
filling pressures and normal estimated pulmonary ar-
tery pressures at rest (Table 1). It is possible that these 
become elevated with exercise, as is often the case 
in patients with heart failure with preserved ejection 
fraction.11

Therefore, our findings demonstrate for the first 
time that patients with takotsubo cardiomyopathy have 
similar maladaptive mechanisms of renin-angiotensin 
system activation as in typical heart failure syndromes 
with reduced ejection fraction, suggesting that these 
abnormalities could be targets for angiotensin-
converting enzyme inhibition. Coupled with registry 
data which point to a significant survival benefit of this 
class of drugs,2 it follows that angiotensin-converting 
enzyme inhibition may have therapeutic potential and 
would be prime candidate for randomized controlled 
trials of improving the long-term outcomes for patients 
with takotsubo cardiomyopathy.

We demonstrate sustained downregulation of en-
dothelin-1 despite normal big endothelin-1 concen-
trations in patients with takotsubo cardiomyopathy. 
Endothelin-1 is known to be increased in other heart 
failure syndromes, acute myocardial infarction as well 
as populations with high degree of comorbidities such 
as hypertension and diabetes.12 Interestingly, 1 previ-
ous publication reported increased plasma endothe-
lin-1 concentrations in takotsubo cardiomyopathy,13 
however half of their cohort had comorbidities such as 
hypertension, diabetes, hyperlipidemia, or were smok-
ers and they were significantly medicated (a third were 
on angiotensin-converting enzyme and angiotensin II 

Table 2.  The Renin-Angiotensin, Endothelin and Natriuretic Peptide Systems in Takotsubo Cardiomyopathy Compared 
With Matched Controls

Takotsubo syndrome Controls

ANOVA P value

Acute  
(n=30)

Convalescent 
(n=30)

Recovered 
(n=30) (n=30)

Neurohumoral system

Renin, pg/mL 1179±173 938±110 884±133 672±41 0.040

Angiotensin converting enzyme, ng/mL 283±19 374±22 355±20 339±13 0.006

Angiotensin-II, pg/mL 566±63 521±55 651±46 447±19 0.04

Endothelin system

Big endothelin-1, pg/mL 1.17±0.24 1.0±0.16 0.88±0.21 0.92±0.14 0.685

Endothelin-1, ng/mL 7.9±1.6 5.3±1.2 4.5±1.6 11.7±2.5 0.03

Natriuretic peptide system

B-type natriuretic peptide, pg/mL 414±123 63±13 43±18 31±4 0.002

Data are shown as mean±SEM. The ANOVA P value reflects significant differences in means across all 4 groups.
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blockers and a third on beta-blockers) – in contrast to 
our takotsubo cardiomyopathy cohort who were free of 
any comorbidities and on no medication. It is therefore 
possible that the elevated endothein-1 concentrations 
may have been confounded by patients’ comorbidities 
and/or medications in previous report.13

In our study we observe the opposite to Jaguszewski 
et al, specifically decreased endothelin-1 concentra-
tions. This can occur in 1 of 2 ways: (1) Reduced activity 
of the endothelin converting enzyme or (2) Enhanced 
endothelin-1 clearance.14, 15 Endothelin-1 clearance is 
mediated by the endothelin type B receptor and block-
ade of this receptor causes increased plasma endo-
thelin-1 concentrations without affecting plasma big 
endothelin-1 concentrations. Endothelin type B recep-
tor mediates vascular smooth muscle vasoconstriction, 
suggesting an enhanced endothelin-1 mediated vaso-
motor tone in patients with takotsubo cardiomyopathy. 
It is possible that the decrease in endothelin-1 seen 
in takotsubo cardiomyopathy is because of increased 
activity/density of endothelin type B receptors with 
vascular smooth muscle tone changes and a reduction 
in serum concentration of endothelin-1, without affect-
ing big-endothelin-1 levels. Dysregulation of endothelin 
system and its influence on vasomotor tone is worthy 
of further exploration in takotsubo cardiomyopathy.

CONCLUSIONS
Overall, our findings show that despite “normalization” 
of the left ventricular ejection fraction, there is long-
term maladaptive activation of renin-angiotensin sys-
tem and dysregulation of endothelin-1 in patients with 
takotsubo cardiomyopathy. This has implications for 
potential therapeutic interventions in exploring if reduc-
tion in angiotensin II levels result in improved long-term 
outcomes after takotsubo cardiomyopathy.
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