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Background Takayasu arteritis is a large-vessel vasculitis that affects the aorta and its primary branches. Myocarditis is a rare life-threatening 
complication and potential diagnostic pitfall in patients with Takayasu arteritis.

Case summary A previously healthy 18-year-old woman presenting with fever, back pain, and dyspnoea was admitted to another hospital for acute hyper-
tension (blood pressure, 230/106 mmHg) and congestive heart failure. Intravenous methylprednisolone pulse with antihypertensive and 
diuretic medications slightly improved her congestion. However, she developed acute kidney injury and was transferred to our hospital. 
Transthoracic echocardiography indicated a left ventricular ejection fraction of 45% and diffuse left ventricular hypokinesis. Doppler ultra-
sound test and magnetic resonance angiography revealed severe bilateral renal artery stenosis. Her diagnosis was Takayasu arteritis, and 
she received high-dose glucocorticoids. She required temporary haemodialysis, but 2 months after admission, her serum creatinine 
improved to 1.1 mg/dL without surgical or cardiovascular interventions. Although the pre-discharge test with 1.5 T cardiac magnetic res-
onance initially failed to diagnose myocarditis, 3 T cardiac magnetic resonance imaging revealed increased native T1 values on T1 mapping 
(1283–1393 ms), moderate pericardial effusion, and systolic left ventricular wall motion abnormality, indicating active myocarditis. During 
6-month subcutaneous tocilizumab treatment (162 mg/week), a left ventricular ejection fraction improved to 55–60% without a relapse.

Discussion This case report highlights the benefits of early multimodal imaging tests including cardiac magnetic resonance imaging for myocar-
ditis and renal artery involvement in Takayasu arteritis. Tocilizumab might be an efficient therapeutic option for severe acute man-
ifestations including myocarditis in young women of reproductive age.
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Learning points
• Myocarditis is a rare life-threatening complication and potential diagnostic pitfall in patients with Takayasu arteritis.

• Multimodal imaging tests for renal artery involvement and myocarditis including 3 T cardiac magnetic resonance imaging are crucial in 
Takayasu arteritis.
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Introduction
Takayasu arteritis (TA) is a large-vessel vasculitis that affects the aorta 
and its primary branches.1 The clinical features of TA depend on ethnic 
backgrounds, age, and sex.2 Renal artery stenosis (RAS) affects 13.1% of 
Japanese TA patients who are at greater risk for hypertension, congest-
ive heart failure, and kidney dysfunction than those without RAS.2,3

Myocarditis is a rare life-threatening complication in TA patients, tends 
to occur early in the disease course, and appears to correlate with the 
disease’s activity.4 Cardiac magnetic resonance (CMR) imaging is re-
commended as a mandatory diagnostic test according to the current 
European Society of Cardiology (ESC) guidelines.5 Here, we report a 
patient presenting with acute hypertension, congestive heart failure, 
and dialysis-requiring acute kidney injury (AKI). This case highlights 
the importance of early multimodal imaging tests for myocarditis and 
renal artery involvement in TA.

Summary figure

Case presentation
A previously healthy 18-year-old Japanese woman experienced fever 
and back pain 4 weeks before admission. Two weeks before admission, 
blood tests revealed that SCr and C-reactive protein levels were 
0.68 mg/dL (normal range 0.46–0.79 mg/dL) and 6.56 mg/dL (normal 
range <0.14 mg/dL), respectively. She was admitted to another hospital 
for congestive heart failure and markedly elevated blood pressure 
(230/106 mmHg). Transthoracic echocardiography indicated a LVEF 
of 34% and diffuse left ventricular hypokinesis. Intravenous methylpred-
nisolone (1 g/day for 3 days) was initiated with a suspicion of immune- 
mediated myocarditis and eosinophilic myocarditis, slightly improving 
her congestion. On the second day after admission, her blood pressure 
was successfully controlled to about 140/90 mmHg with intravenous 
nitroglycerine, carperitide, and diuretics. However, she developed AKI 
(SCr level, 5.21 mg/dL) and was transferred to our hospital. Based on 
her age and severe acute hypertension, secondary hypertension was sus-
pected according to the current ESC/European Society of Hypertension 
guidelines.6

Upon admission, she was afebrile with a blood pressure of 146/95 
mmHg and oxygen saturation of 98% while receiving oxygen at a rate 
of 1 L/min via a nasal cannula. Physical examinations revealed no mur-
murs and clear breath sounds. She had a bruit on her abdomen and 

pitting oedema in her lower legs. A funduscopic test did not show flame 
haemorrhages and papilloedema. Blood tests revealed the following: 
erythrocyte sedimentation rate, 58 mm/h (normal range 3–15 mm/h); 
C-reactive protein level, 0.38 mg/dL (normal range <0.14 mg/dL); 
haemoglobin level, 9.1 g/dL (normal range 11.6–14.8 g/dL); creatinine 
level, 5.21 mg/dL (normal range 0.46–0.79 mg/dL); and brain natriuretic 
peptide (BNP) level, 960 pg/mL (normal range <18.4 pg/mL) (Table 1). 
Plasma renin activity and aldosterone levels were 11 ng/mL/h (normal 
range 0.2–3.9 ng/mL/h) and 1410 pg/mL (normal range 4.0–82.1 pg/ 
mL), respectively. Serological tests for autoimmune diseases were with-
in normal limits. Urine tests showed no haematuria, mild proteinuria, 
and epithelial casts. Ischaemic-type electrocardiographic changes 
were not seen (Figure 1). Chest radiography revealed cardiac enlarge-
ment and bilateral pleural effusions. Transthoracic echocardiography 
indicated a LVEF of 45% and diffuse left ventricular hypokinesis (see 
Supplementary material online, Videos S1 and S2). Doppler ultrasound 
test revealed severe bilateral RAS, and the diameters of the right and 
left renal arteries at the origin were 1.9 and 0.8 mm, respectively. 
The peak systolic velocity in the left renal artery was 561 cm/s. The right 

and left kidneys were 82.2 and 104.6 mm long, respectively. Magnetic 
resonance (MR) angiography revealed wall thickening and stenosis in 
the coeliac artery, superior mesenteric artery, and renal arteries. No 
blood flow was detected in the right renal artery, and the flow of the 
left renal artery was weak because of the strong stenosis at the origin 
(Figure 2A and B).

According to the 2022 American College of Rheumatology/EULAR 
classification criteria7 and JCS 2017 Guideline,1 her diagnosis was TA gi-
ven clinical features and vascular imaging findings, which were supported 
by the presence of the HLA-B*52 allele. Initially, bilateral RAS causing hy-
peractivation of the renin–angiotensin–aldosterone system (RAAS) was 
the most likely diagnosis. Furthermore, myocarditis as well as hyperten-
sive heart disease was suspected.

She received intravenous methylprednisolone (1 g/day for 3 days), 
and oral prednisolone (1 mg/kg/day)8 and aspirin (100 mg/day) were 
subsequently initiated (Figure 3). Although her C-reactive protein levels 
decreased, congestion and marked RAAS hyperactivity (plasma renin 
activity, 133 ng/mL/h and aldosterone level, 1310 pg/mL) persisted, 
prompting temporary haemodialysis thrice weekly. After the gradual 
decrease of RAAS hyperactivation, seven haemodialysis sessions could 
be terminated. The use of olmesartan was temporal due to the worsen-
ing kidney function. Two months after admission, her SCr level im-
proved to 1.1 mg/dL without surgical/cardiovascular interventions. 

4 weeks before admission Presentation with fever and back pain.
2 weeks before admission Serum creatinine (SCr) and C-reactive protein levels were 0.68 and 6.56 mg/dL, respectively.

4 days before admission Admission to another hospital for congestive heart failure and markedly elevated blood pressure (230/106 mmHg). 

Transthoracic echocardiography (TTE) indicated a left ventricular ejection fraction (LVEF) of 34% and diffuse left ventricular 
hypokinesis. Intravenous methylprednisolone (1 g/day) for 3 days and antihypertensive and diuretic medications were 

initiated.

Day 1 Transfer to our hospital. Her SCr level was 5.21 mg/dL. We diagnosed her with TA, and oral prednisolone (1 mg/kg/day) and 
aspirin were initiated.

Day 19 Temporary haemodialysis was required three times a week to manage congestive heart failure.

Day 33 Seven haemodialysis sessions could be terminated.
Month 2 Noncontrast 1.5 T CMR showed no myocardial oedema on T2-weighted images. After discharge from hospital, tocilizumab was 

initiated.

Month 3 Three tesla CMR revealed increased native T1 value mapping, indicating active myocarditis.
Month 9 No relapse of TA was observed, and LVEF improved to 55–60% on her TTE.
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However, she displayed persistent cardiac enlargement and high BNP 
levels ranging from 500 to 600 pg/mL. She was discharged 71 days after 
transfer to our hospital. After her discharge, she suffered from shingles 
and pneumonia as a side effect of immunosuppression. The 

prednisolone dose was reduced to 15 mg/day, and subcutaneous toci-
lizumab (162 mg/week) was initiated. Although the pre-discharge 1.5 T 
CMR without T1/T2 mapping and extracellular volume mapping failed 
to diagnose myocarditis, 3 T CMR revealed increased native T1 values 
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Table 1 Laboratory data at hospital admission

Laboratory test Value Normal range

Urine red blood cells, /HPF 1–4 <4

Urine protein to creatinine ratio, g/gCr 0.85 <0.15

White blood cell, /μL 10 700 3300–8600
Haemoglobin, g/dL 9.1 11.6–14.8

Platelets, ×104/μL 265 158–348

Total protein, g/dL 5.7 6.6–8.1
Albumin, g/dL 2.8 4.1–5.1

Urea nitrogen, mg/dL 76 8–20

Creatinine, mg/dL 5.21 0.46–0.79
eGFR, mL/min/1.73 m2 10.3 >60

Sodium, mEq/L 132 138–145

Potassium, mEq/L 4.4 3.6–4.8
Creatine kinase MB isoenzyme, ng/mL 0.6 0.0–3.3

Cardiac troponin I, pg/mL 39 0–24

C-reactive protein, mg/dL 0.38 <0.14
Erythrocyte sedimentation rate, mm/h 58 3–15

Brain natriuretic peptide, pg/mL 960 <18.4

Plasma renin activity, ng/mL/h 11 0.2–3.9
Aldosterone, pg/mL 1410 4.0–82.1

eGFR, estimated glomerular filtration rate; HPF, high-power field.

Figure 1 Electrocardiogram on admission. Ischaemic-type electrocardiographic changes were not seen.
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on T1 mapping (1283–1393 ms), moderate pericardial effusion, and sys-
tolic left ventricular wall motion abnormality indicating active myocar-
ditis (Figure 4).5,9 During the 6-month tocilizumab treatment, the BNP 
level decreased to approximately 300 pg/mL, and the SCr level ranged 
from 0.7 to 0.9 mg/dL. The dosage of her antihypertensive and diuretic 
medications was reduced, and her LVEF improved to 55–60% (see 
Supplementary material online, Video S3).

Discussion
We reported the TA case of a young woman who presented with new- 
onset congestive heart failure and AKI requiring dialysis due to bilateral 
RAS and hidden myocarditis, which could be diagnosed using native T1 
mapping via 3 T CMR.

Although previous case series have estimated the prevalence of myo-
carditis to be 2.8%, cross-sectional studies using CMR in TA patients in-
dicated that subclinical myocarditis is more prevalent.10,11 An update of 

the Lake Louise Criteria using the ‘two out of two’ approach, with 
positive T1-based and T2-based criteria, increased the specificity of de-
tecting acute myocardial inflammation. Single marker (T1 based or T2 

based) may still support a diagnosis of acute myocardial inflammation, 
and particularly, native T1 mapping provides high diagnostic accuracy.5,9

The rise in native T1 values on the cardiac magnetic resonance imaging 
usually indicates myocardial interstitial oedema, necrosis, and scarring. 
In this case, the persistent increase in native T1 mapping under the well- 
controlled blood pressure was most likely to represent myocardial 
interstitial oedema suggestive of myocarditis, but not hypertensive 
heart disease. Myocardial oedema was absent on T2-weighted imaging 
presumably because the test was performed after initiating steroid 
therapy and in the chronic phase.

The 2018 EULAR guidelines for the pharmacologic treatment of TA 
recommend a two-phase strategy involving the combination of glucocor-
ticoids and conventional synthetic disease-modifying anti-rheumatic drugs 
(DMARDs) in phase I and a biologic DMARD in phase II, if relapse occurs.8

The 2021 American College of Rheumatology guidelines recommend a 

Figure 2 Magnetic resonance angiography of the renal arteries. (A) 3D magnetic resonance angiography revealed the stenosis of the left renal artery 
(arrowhead). (B) A horizontal magnetic resonance image showed severe left renal artery stenosis at the origin (arrowhead).
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Figure 3 Clinical course of the patient. Multiple immunosuppressants, antihypertensive medications, and diuretics were used to control her conges-
tion and disease activity in Takayasu arteritis. Aliskiren for her hyperreninaemia was ceased because of her skin rash. The use of olmesartan was also 
temporal due to the worsening kidney function. BW, body weight; CRP, C-reactive protein; PSL, prednisolone; mPSL, methylprednisolone; SCr, serum 
creatinine.

Figure 4 Three tesla cardiac magnetic resonance imaging. (A) Cardiac magnetic resonance imaging revealed increased native T1 values on T1 mapping (1283– 
1393 ms; arrowheads), moderate pericardial effusion, and systolic left ventricular wall motion abnormality. (B) T2 mapping cardiac magnetic resonance imaging.
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combination therapy with glucocorticoids and DMARDs, and anti-IL-6 re-
ceptor antibody tocilizumab for refractory disease.12 Intravenous cyclo-
phosphamide is usually required for treating life-threatening diseases 
including myocarditis and is switched to DMARDs while gradually redu-
cing the dosage of prednisolone. Tocilizumab is considered when cyclo-
phosphamide is ineffective or patients desire fertility preservation, 
similar to the current case.10 Regarding RAS treatment, a current report 
recommends the avoidance of invasive therapy during active disease be-
cause of its frequent complications.13

A test using contrast media was avoided in this case due to renal dys-
function, and native T1 mapping helped diagnose myocarditis. Despite 
severe dialysis-dependent AKI and congestion, the patient was success-
fully managed with immunosuppressive therapy, antihypertensive 
drugs, and diuretics. Cyclophosphamide was not used due to fertility 
concerns, and DMARD use was limited due to renal dysfunction. 
Tocilizumab might be an efficient therapeutic option in young women 
of reproductive age.
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