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Abstract: Obesity-induced heart failure (HF) in young people is a serious problem. The treatments for HF have developed in recent 
years. The following four basic HF drugs have been widely recognized as the “Fantastic Four”: beta-adrenergic blocking agents, 
mineralocorticoid receptor antagonists (MRA), sodium glucose transporter 2 inhibitors (SGLT2 inhibitors), and angiotensin receptor 
neprilysin inhibitors (ARNI). However, the interaction between the heart and blood vessels has not received much attention. The 
cardio-ankle vascular index (CAVI) is an arterial stiffness index that is unaffected by blood pressure at the time of measurement. A 34- 
year-old obese man was admitted with dyspnea and edema. His cardiac function was severely impaired, and CAVI was increased. 
After administration of multidisciplinary HF treatment centered on the “Fantastic Four”, his cardiac function and CAVI improved 
dramatically in a short time period. This case suggests the importance of improvement both cardiac and vascular function for the 
treatment of HF. 
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Introduction
Heart failure is a significant medical and economic problem worldwide. Recently, the optimal treatment for heart failure 
has made remarkable progress. In particular, four basic heart failure drugs, beta-blocking agents, mineralocorticoid 
receptor antagonists (MRA), sodium glucose transporter 2 inhibitors (SGLT2 inhibitors), and angiotensin receptor 
neprilysin inhibitors (ARNI), have been termed the “Fantastic Four” and their importance has been widely recognized.1

In the PARADIGM-HF study, ARNI was shown to be advantageous over enalapril, an angiotensin converting enzyme 
inhibitor, in preventing cardiovascular death or heart failure readmissions in patients with heart failure with reduced 
ejection fraction.2 ARNI was approved for use in August 2020 in Japan. Hypertension and sleep apnea associated with 
obesity are important causes of heart failure. The progression of arterial stiffness caused by these factors increases 
cardiac afterload.

The cardio-ankle vascular index (CAVI) was developed as an arterial stiffness index from the origin of the aorta to the 
ankle.3,4 The feature of CAVI is that it is independent from blood pressure at the time of measurement, because it is 
derived from the stiffness beta theory.5 We report here an interesting case of heart failure in an obese young adult that 
highlights the cardiovascular interaction.
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Case Report
A 34-year-old obese man was brought to our hospital with complaints of dyspnea at rest and lower extremity edema. His 
weight was 136 kg and height was 1.71 metres with a body weight index (BMI) of 46.5 kg/m2. He had no particular 
medical history up to that time. His history of obesity began at childhood. High blood pressure was noted when he was in 
high school, but there was no history of hospital visits.

At the time of emergency transport to our hospital, his blood pressure was 204/132 mmHg and his heart rate was 130 
bpm (Figure 1A). Saturation with room air was 88%. The lower extremities were markedly swollen (Figure 1B). He was 
admitted to hospital for treatment of heart failure. His chest X-ray showed cardiomegaly and bilateral mild congestion 
(Figure 1C). Trans-thoracic echocardiography showed left ventricular end-diastolic diameter of 50 mm, left ventricular 
ejection fraction of 27% (calculated by the modified Simpson’s method), and mild mitral regurgitation. Plasma B-type 
natriuretic peptide (BNP) was 729.1 pg/mL, NT-pro BNP was 4250 pg/mL, and estimated glomerular filtration rate was 
40.0 mL/min/1.73 m2. His blood glucose level was 114 mg/dL, and hemoglobin A1c was 6.7%. There were no 
abnormalities of autoantibodies that could cause myocarditis. Random skin biopsies also showed no findings of 
sarcoidosis or amyloidosis. His laboratory results showed normal thyroid level, such as TSH: 2.87μIU/mL, fT3: 2.87 
pg/mL, and fT4: 1.24 ng/dl. Renin, aldosterone and catecholamine levels were also within normal limits.

We administered tolvaptan in addition to furosemide due to the insufficient diuretic effect. Spironolactone as MRA 
and dapagliflozin as SGLT2 inhibitor were administered from the beginning of hospitalization.

As his systolic blood pressure was markedly elevated, we used valsartan and amlodipine. His weight gradually 
decreased and his dyspnea improved accordingly. On day 12, his body weight was 110 kg (Figure 2). We started cardiac 
rehabilitation and bisoprolol was added as a beta-blocker. About 2 weeks later, we replaced valsartan with sacubitril 
valsartan as ARNI for the treatment of heart failure. His sleep apnea was severe with an apnea hypopnea index as 38.2 
times/hour, minimum SpO2 as 66.0%, maximum apnea time as 99.9 seconds in polysomnography. Continuous positive 
airway pressure (CPAP) therapy was introduced during his admission. On day 39, he was discharged. At that time, his 
weight had decreased to 103.2 kg. His ejection fraction (EF) had improved to 53%, E/e’ was 12.5, and BNP was 26.8 pg/ 
mL. Furthermore, his CAVI had improved from 10.9 to 4.5 in a short period of time. The post-discharge clinical course is 
shown in Figure 2 and Table 1. At his first outpatient visit after discharge, his weight was slightly increased. In addition, 

Figure 1 Imaging data on admission and clinical course based on chest X-ray. (A) electrocardiography, (B) patient’s edema, (C–E) clinical course based on chest X-ray.
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Figure 2 Clinical course of the patient. Effectiveness of multidisciplinary treatment centered on the “Fantastic Four”. 
Abbreviations: BW, body weight; BNP, brain natriuretic peptide; BP, blood pressure; CAVI, cardio-ankle vascular index; ARB, angiotensin II receptor blocker; ARNI, 
angiotensin receptor-neprilysin inhibition; MRA, mineralocorticoid receptor antagonist; SGLT2 inhibitor, sodium glucose transporter 2 inhibitor; NTG, nitroglycerin; ASV, 
adaptive servo ventilator; CPAP, continuous positive airway pressure.
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his CAVI and blood pressure were also increased. We considered that these may be attributed to a change in his diet from 
his hospital diet. We increased the dose of the Ca antagonist. During his outpatient course, he tried to achieve body 
weight reduction, but it did not work very well. However, his compliance regarding medication and CPAP use was very 
good, and his heart failure symptoms were under control. His pulmonary congestion had completely improved 
(Figure 1D and E).

Discussion
We encountered a case of heart failure associated with obesity in a young man. In developed countries, the number of 
young obese patients is increasing due to high calorie diets and decreased exercise habits.6 Obesity is not only a risk for 
hypertension, diabetes, and dyslipidemia, but also for heart failure.7 The present patient was a young adult of 34 years 
old, but he had severe obesity with a BMI of 46.5 kg/m2 and untreated hypertension, and his cardiac function was 
severely impaired (Table 1). As shown in Figure 2, arterial stiffness as assessed by CAVI was markedly increased at 10.9. 
The feature of CAVI is that it is independent from blood pressure at the time of measurement. It is recognized that CAVI 
reflects not only organic stiffening of the arteries but also functional stiffening.4,8 This young obese heart failure patient 
was treated with the optimal heart failure treatment recently termed the “Fantastic Four”. His body weight decreased 
from 130 kg to 103 kg during hospitalization. As shown in Figure 2 and Table 1, this patient showed a concomitant 
improvement in cardiac function within a short period of time. His systolic and diastolic ventricular functions were 
improved quickly, and his left ventricular mass index was also improved. This phenomenon may be due to the 
improvement of cardiac preload associated with weight reduction, as well as the improvement of cardiac afterload by 
renin-angiotensin system inhibitors. Shimizu et al reported a short-term decrease in CAVI in an experiment with 
nitroglycerin administration for healthy young adults.8 Given his young age, the marked reduction in CAVI from 10.9 
to 4.5 was attributed to the patient’s vascular function reaction to the powerful treatment regimen known as the Fantastic 
Four. Cardiovascular interaction has recently been demonstrated using CAVI, not only in the left heart system but also in 
the right heart system.9,10 Recently, much evidence has been reported on SGLT2 inhibitors and ARNI for heart failure.11– 

13 However, there has not yet been a report using CAVI that focuses on effects of the “Fantastic Four” on the 
cardiovascular interaction. In this case report, the effects of weight reduction and Fantastic Four on the effectiveness 
of heart failure treatment cannot be strictly separated. However, the possibility of CAVI as an indicator reflecting cardiac 
afterload was suggested in this case report.

In conclusion, we have encountered a young obese heart failure patient who showed marked improvement in heart 
function and vascular function after multidisciplinary treatment of heart failure centered on the “Fantastic Four”. The 
importance of heart failure treatment targeting the heart and blood vessels was suggested by this case.

Table 1 Clinical Course of Echocardiography

Day1 Day10 Day20 DAY30 Day50 DAY70 Day300 Day540

EF (%) 27 26 36 53 62 68 68 68

E/e’ 29.73 26.47 20.51 12.5 9.44 8.1 12.54 10.3

LVDd (mm) 50 47 44 41 34 27 29 28

LVDs (mm) 57 53 53 57 51 43 46 45

LAD (mm) 37 46 43 37 41 36 38 27

LVMI (g/m²) 112 115 85 97 71 76 74

TAPSE (mm) 24.7 15.5 24 17 20 22.7 19.6 20.2

Abbreviations: EF, ejection fraction; E/e’, ratio of E to e; LVDd, left ventricle end-diastolic diameter; LVDs, left ventricle end-systolic 
diameter; LAD, left atrial diameter; LVMI, left ventricle myocardial mass index; TAPSE, tricuspid annular plane systolic excursion.
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Ethics and Consent
All procedures followed were in accordance with the ethical standards of the Responsible Committee on Human 
Experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions. Informed 
consent was obtained from the patient for being included in this report. The authors confirm that written consent for 
submission and publication of this case report including images and associated text has been obtained from the patient in 
line with CARE guidance. This case report was approved by Toho University (2022-149).

Funding
There is no funding to report.
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The authors report no conflicts of interest in this work.
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