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Key role of histological and PCR studies in the differential diagnosis
of heart valve disease in Takayasu's arteritis, infective endocarditis
and myxomatous degeneration
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Abstract. Aortic valve lesion is a common cardiopathy, which may have very diverse causes, from degenerative, congenital
and infectious diseases to autoimmune conditions. We present a rare case of Takayasu arteritis and severe heart lesion due to the
myxomatous degeneration of the aortic and mitral valve cusps associated with the development of infectious endocarditis (IE)
complicated by abscess, fistula, valve perforation and recurrent acute decompensated heart failure in a young female patient.
A combined use of histopathological and PCR analyses of valve tissues was critically important for differential diagnosis of
the valve lesions, as it made it possible to identify the true cause of the structural cardiopathy associated with myxomatous
degeneration and a prior IE. The presence of Takayasu arteritis has played an indirect though apparently decisive role by creating
conditions for the development of immunosuppression and determining the disease severity and progression rate.
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Introduction

Takayasu arteritis (TA) is an inflammatory disease
of unknown etiology and affects the aorta, its branches
and the pulmonary arteries [1]. By involving the aortic
root and the heart valves, arteritis can lead to the
development of aortic regurgitation (AR). The possible
causes of valve insufficiency include aortic root dilation,
recurrent inflammation, and development of aortic valve
defect. The literature describes cases where TA could be
misdiagnosed as infectious endocarditis (IE) [2]. Also,
a long-term immunosuppressive therapy for TA may
be a predisposing factor of IE [3]. There have been no
earlier reports of a single case combining IE and TA.

IE remains a serious disease with a high fatality
rate, that can severely damage heart valves [4, 5]. In the
developed countries, despite the decreasing risk factors,
such as chronic rheumatic and uncorrected congenital
cardiac diseases, the incident of IE is increasing, which is
associated with the use of intracardiac devices, medical
interventions and hemodialysis, as well as degenerative
changes in the heart valves [4, 5]. As concerns the latter,
the most common factor predisposing to IE is valve cusp
calcification and, somewhat less common, myxomatous
degeneration of valve cusps [4, 5].
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Objective: to present a clinical case of TA in
a female patient with a history of IE associated with
degenerative heart defect and to demonstrate the key role
of histopathologic and PCR findings in the differential
diagnosis of valve lesion genesis.

Clinical description

A 22-year-old female, Asian, no bad habits. Absent
pulse in the left arm was first noted at the age of
16, no further examinations or treatment followed.
In February 2019 (21 yrs), the patient had tonsillitis
and received antibiotic therapy (ABT) (amoxiclav
1500 mg/day). In May 2019, she presented with
subfebrile fever, complaints of difficult, painful
urination (Klebsiella spp. growth in urine), and was
administered ABT (ciprofloxacin 1000 mg/day). Since
early June 2019, the patient began complaining of
shortness of breath, cough, and decreased exercise
tolerance. Computed tomography (CT) of the chest
found no abnormalities, echocardiography (echo)
diagnosed a partial tear of the right coronary cusp of
the aortic valve (AV) with severe aortic regurgitation
(AR). The patient refused the proposed surgical
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treatment. In July 2019, a repeated echo revealed not
only the separation of the right coronary cusp of AV
but also moderate insufficiency of the mitral (MV) and
tricuspid valves (TV) with dilated left heart chambers
and right atrium, and pulmonary hypertension. Other
findings included pericardial effusion and fluid

Patient Zh., female, 22 yrs, Asian, w/o bad habits. BMI 17.2 kg/m?
2014
Il Vv

Vi

accumulation in both pleural cavities (600ml on
the right side, 570ml on the left side). Ultrasound
of the extracranial brachiocephalic arteries showed
a significantly increased intima-media thickness and
stenosis of the common carotid artery on both sides,
and of the subclavian artery on the left.
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Fig. 1. Diagram of disease development and management. Echo — echocardiography; AV — aortic valve; AR — aortic regurgitation;
CH — heart failure; C-RP — C-reactive protein; ESR — erythrocyte sedimentation rate; GFR — glomerular filtration rate calculated by
the CKD-EPI formula; USDG — ultrasound vascular Dopplerography; CIM — intima complex-media; CCA —common carotid artery;
SCA — subclavian artery; MR — mitral regurgitation, TR — tricuspid regurgitation; PH — pulmonary hypertension; ADHF — acute
decompensation of chronic heart failure; CT — computed tomography; EF — ejection fraction; MV — mitral valve;
IE —infectious endocarditis.

Blood tests showed a moderate inflammatory
reaction [WBC 7.0 (4-9%10°L), CRP 18.8 (0-5 mg/L),
ESR 25 (2-15 mm/h)] and mild anemia [Hb 111 (120-
160 g/L)]. The results of blood chemistry, coagulation
tests and urinalysis were within normal.

The main diagnostic concept was a cardiac
valve disease due to type Ila TA with involvement
of the common carotid arteries, the trunk of the right
pulmonary artery and the ascending aorta, with the
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development of severe aortic insufficiency and right
coronary cusp separation, which resulted in left heart
and right atrium dilation and the development of
moderate MR and TR, pulmonary hypertension and,
later, to NYHA class III heart failure.

The prescribed treatment included: methotrexate
10mg per week, folic acid 3 mg per week, prednisolone
25 mg/day, carvedilol 6.25mg/day, acetylsalicylic
acid 75mg/ day, torasemide 5mg/day, spironolactone
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25mg/day, omeprazole 20mg/day. The therapy improved
the symptoms: shortness of breath decreased, whereas
tolerance to physical exertion increased. After discharge,
the patient continued taking the same medications,
gradually reducing the prednisolone dose from 15 mg
until complete withdrawal, by 2.5 mg every 4 weeks.

In December 2019, heart failure symptoms recurred
with progression, and in early January 2020 the patient
was hospitalized with complaints of severe shortness
of breath on minimal physical exertion, abdominal
enlargement, lower limb swelling.

On physical exam, the patient’s condition was
severe, the skin and visible mucous membranes pale
yellowish, an orthopneic position, symmetrical edema at
foot and ankle level (2+). Blunted percussion sound on
both sides below the 6th — 7th rib. Harsh respiration;
diffuse sibilant fine moist rales in the lower lungs. RR
29 per min. SpO, 90 % on unassisted spontaneous
breathing. The heart percussion borders were enlarged
to the left, there was an apical systolic murmur radiating
to the axillary region, and a diastolic aortic murmur. The
pulse was 120 bpm, rhythmic, almost undetectable on
the left. BP 96/62 mmHg. The abdomen was enlarged
due to ascites. The liver size according to Kurlov was
12/3x11x9cm. The liver edge was smooth, soft and
elastic. The spleen was not palpable.

Blood tests: no signs of inflammation [leukocytes
4.5x10°%L, CRP 4.5 mg/L, ESR 10 mm/h],
hypocoagulation [prothrombin time 24.1 (9.4-12.5 s),
prothrombin index 35 (70-140 %), INR 2.17 (0.9-1.3
[U/mL)], mild anemia [Hb 101 g/L], increased D-dimer
[447 (0-250 ng/mL)], hyperbilirubinemia [total bilirubin
44 (3—21 mmol/L), direct bilirubin 23 (0—3.4 mmol/L)],
hypoalbuminemia [30 (35-52 g/L)], labile renal function
[creatinine 50-79 (45-84 mmol/L), GFR_, , ... 132~
91,85 (90-140 mL/min)].

ECG: right EHA deviation, sinus tachycardia with
HR 120 bpm, ST segment on the isoline. Echo: LV EF
54 %, vegetation on the aortic cusp 1.2 x 2.0 cm (Fig. 2),
severe aortic insufficiency, an open abscess of the aortic
root with a fistula between the aortic root and the right
ventricular outflow track (Fig. 3), an open abscess of the
MYV anterior cusp with a developed perforation, severe
insufficiency of the MV (Fig. 4). Dilation of left and
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right atria, moderate tricuspid valve insufficiency, stage
2 pulmonary hypertension, fluid in both pleural cavities.

Triplex ultrasound scan of head and neck great
vessels: a concentric thickening of the left common
carotid artery intima-media, with a hemodynamically
significant increase in the blood flow (Fig. 5), stenosis
of the distal part of the left subclavian artery, signs
of blood flow disturbance the internal jugular vein.
CT angiography of the aorta with trunk branches showed
similar changes (Fig. 6).

The TA activity according to BVAS was 1, that did
not require specific treatment before cardiac surgery.

Treatment

Oxygen therapy, furosemide 40 mg/day
intravenously, spironolactone 25 mg/day, enoxaparin
sodium 4000 anti-Xa IU 0.4 mL/day subcutaneously,
omeprazole 20 mg/day, iron sulfate 150 mg/day were
prescribed. The administered therapy alleviated the
signs and symptoms of heart failure.

On Day 4, the patient was transferred to a cardiac
surgery hospital, where she underwent a surgery for
heart valve disease. Intraoperative findings included
newly revealed myxomatous changes in the AV and
MYV cusps, confirmed fistula between the aortic root
and the right ventricular outflow track, a perforation
of the MV cusp without signs of active infection.
A complex cardiac surgery was performed: MV
reconstruction (chordal translocation and annuloplasty),
AV replacement with a mechanical prosthesis, TV pasty
under artificial circulation. The postoperative period
was without complications on ABT (ceftriaxone 2g/
day for 8 days in the hospital and cefixime 400 mg/
day for 7 days on outpatient basis).

There were difficulties in establishing the true causes
of the heart valve defects. First, we discussed the potential
contribution of TA into the heart disease. However, our
attention was drawn to a massive destruction of the AV
and MV cusps with a fistula, valve perforation, and
suspected open abscesses, which is not quite common
in TA. Therefore, we suspected a past IE that could have
been responsible for the developed changes but, by the
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Fig. 3. An open abscess of the aortic root with a fistula

Fig. 2. Vegetations on the AV cusps between the aortic root and the right ventricular outflow track

Fig. 4. Perforation of anterior cusp of mitral valve

Fig. 5. Concentric thickening of intima-media of left Fig. 6. CT angiography: stenosis of common carotid and
common carotid artery subclavian arteries on the left
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time of the surgery, there were no macroscopic evidence
of active infection and no history of prior IE. During the
surgery we discovered the myxomatous degeneration of
the mitral and aortic valve cusps. Hence, only combined
histopathologic and etiologic examinations of the valve
tissues could establish the exact cause of the aortic and
mitral valve disease.

Microbiological examination of crushed AV and
MV cusp tissue showed no microbial growth. However,
a concurrent PCR-test of the valve tissue detected
Staphylococcus aureus (MSSA). On histopathology and
microscopy of valve tissue: the valve cusp consisting
of mature connective tissue and fibroblasts, its surface
lined with endothelial cells; the valve surface included
basophilic areas, where we found bacteria (Gram-positive)
on endothelial cells. Deep in the valve, there were colonies
of Gram-positive basophilic bacteria, around which there
were myxomatous changes in the connective tissue of the
valve. Microscopy findings also included a dissection
in the aortic intima and media and intramuscular layer.
Some bacterial colonies and myxomatous changes in the
connective tissue were also found in the dissection area.
The aortic wall contained vasa vasorum without massive
inflammatory infiltrate (Fig. 7).

Thus, according to the results of analyses, there
were no doubts in the presence of TA without heart
valve involvement (clinically and instrumentally proven,
without histopathological signs of an active process).
They also revealed myxomatous degeneration of the
AV and MV cusps, and convincingly proved a prior IE
[in accordance with the Duke pathological diagnostic
criteria for IE: bacteria were visualized in the excised
valve tissues; a bacterial etiological agent was identified
by two independent methods — microscopy (Gram+)
and PCR (Staphylococcus aureus MSSA), — without
histological signs of an active inflammatory process].
The Duke clinical diagnostic criteria for IE were not
applied because of the then low disease activity [4, 5].

Diagnosis
Thus, the final diagnosis was formulated as follows:

Principal diagnosis: myxomatous degeneration of
AV and MV valves. A prior infectious endocarditis of AV
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and MV caused by Staphylococcus aureus (MSSA). An
open abscess of AV associated with a fistula between the
aortic root and the right ventricular outflow track. Severe
insufficiency of AV. Perforation of MV cusp. Severe
MYV insufficiency. AV replacement with a mechanical
prosthesis. MV reconstruction. TV plasty.

Complications: stage 2B CHF (congestive
lungs, liver, edema of the lower extremities, bilateral
hydrothorax, ascites), NYHA Class I'V. Mild iron-
deficiency anemia.

Concomitant diseases: type Ila Takayasu disease
with the involvement of the brachiocephalic trunk,
SCA, common carotid arteries, low disease activity
(BVAS 1b).

Follow-up

On the follow-up 1.5 years after the surgery, the
patient’s condition was satisfactory, without symptoms
of heart failure. The patient was on chronic warfarin
therapy, followed by a rheumatologist, received
leflunomide 20 mg as the maintenance therapy for TA.

Discussion

The presented case study, first of all, demonstrates
the difficulties in the differential diagnostic search for
possible mechanisms underlying the lesions of the
cardiac valvular apparatus. At different stages of the
disease, we considered different potential causes of
valve involvement: (1) Takayasu arteritis, based on
the assumption of AR development due to aortic root
dilation as an outcome of recurrent inflammation of
the aorta and AV tissue (not confirmed); (2) infectious
endocarditis, based on the presence of specific echo
findings, predisposing factors, and relevant adverse
effects of immunosuppressive therapy (absolutely
confirmed); (3) connective tissue diseases, e.g.,
myxomatous degeneration of valve cusps, severe
combined involvement of AV and MV accompanied by
damage to the chordal apparatus (absolutely confirmed).

TA is a chronic, idiopathic and granulomatous
vasculitis affecting large arteries, mainly the aorta and
its proximal branches [1]. The etiology and predisposing
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Fig. 7. Micrography. Aortic valve tissue. Hematoxylin and eosin stain (x 200). Examination of the valve (A-C) detected basophilic
bacterial colonies deep in the valve, with marked basophilia (4, B), with myxomatous changes in the valve connective tissue
around the bacterial colonies, without signs of active inflammation (C). No inflammatory infiltrate in the aortic wall.
Dissection of aortic intima, media and intramuscular layer; bacterial colonies and myxomatous changes
in the connective tissue in the dissection area (D).

factors of the disease are unknown, but studies have
shown the involvement of immunological response
that triggers subsets of T- and B-lymphocytes and
macrophages leading to acute vascular inflammation and
necrosis, causing stenosis and aneurysms [6]. TA is often
found in young females of reproductive age, especially
in the Asian population, with the female to male ratio

CARDIOVASCULAR DISEASES

varying from 4:1 to 9:1 [7]. The presented clinical
case is type IIa TA. The most common heart valve
complication of TA is AR (20-44.8 %) [8], other valves
are affected less frequently, e.g. the incidence of mitral
regurgitation (MR) is as low as 3 % [9]. TA-associated
AR is caused by AV damage, dilation of the ascending
aorta and the aortic ring. As shown by genetic studies,
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HLA-B*52:01 is associated with AR, while rs6871626
in IL12B determines the development and severity of
AR [10]. AR increases the risk of HF, as well as the risk
of adverse events in patients with HF [11] and requires
surgical treatment [12].

The main clinical symptoms of TA are weakness,
fever, arthralgia, hypertension, intermittent arm or leg
claudication, heart diseases (heart failure, valvular or
coronary heart disease), and impaired renal function [13,
14]. Some of them were clearly observed in the
presented clinical case, and the diagnosis of TA was
not in doubt. However, laboratory findings are usually
non-specific in TA. Treatment of active TA is mainly
based on glucocorticosteroids (GCS) [15, 16], and it
was successfully administered to the patient to achieve
a complete TA remission.

TA can be misdiagnosed as IE due to similar clinical
symptoms (heart murmur, fever) in the active phase
of the disease [2]. Moreover, TA itself may predispose
to IE [3]. In the presented case, the severity of the AV
lesion combined with the MV and TV involvement, as
well as gross structural changes (fistula, perforation,
AV and MV abscesses) could not be fully explained
by the presence of TA. Therefore, we considered
a contribution of another disease, e.g. IE, to the heart
damage. The peculiarity of the presented case is that IE
and TA proceeded apparently simultaneously. In the
first place, one should discuss the predisposing factors
for IE, such as immunosuppression on methotrexate
and GCS, which apparently not only promoted the IE
development — most likely at one of the stages of
treatment of acute TA — but also determined the severity
of valve damage.

IE has a high mortality rate, it can cause severe
damage to the heart valves [4, 5]. Degenerative valve
disease is currently the most common predisposing
factor for IE in the developed countries. It is followed
by much less common congenital uncorrected defects
and chronic rheumatic disease [4, 5]. The diagnosis
of IE is normally established based on the Duke clinical
and pathological criteria [4, 5]. In this clinical case,
however, the patient presented no clinical or laboratory
signs of active infectious process, no microbial growth
in blood culture, so the use of clinical criteria was not
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possible. It could only be about the sequelae of a prior
IE, and in such cases the diagnosis can be confirmed
by histopathology of excised valve tissues that can
detect inflammatory infiltration and evaluate its cell
composition, reveal mucoid degeneration, accumulation
of fibrin, and microbial colonies [17]. It should be noted
that histopathology of biopsy material is also important
for confirming the TA diagnosis and activity, although
a clinical and laboratory remission of TA may be
inconsistent with the presence of inflammatory changes
in the arterial wall [18].

The severe hemodynamically and clinically
significant changes in the patient’s cardiac valve
apparatus had necessitated surgical treatment followed
by histopathological, microbiological and PCR
examinations of tissues. Based on the histopathological
findings, the leading cause of valve damage in this
patient was myxomatous degeneration of AV and MV,
without signs of AV involvement with aortic arteritis. In
addition, both valves were affected by bacterial infection
which had led to the formation of an aortic root to right
ventricle fistula, and a perforation of the anterior leaflet
of the MV. All these factors combined caused the heart
failure. Thus, only histopathological examination helped
establish the true genesis of the valve damage. ABT
was not administered because of the absence of specific
markers of active inflammation around the bacterial
clumps in the valve tissue; and IE was considered as
a prior disease, inactive at the time of surgery. Therefore
was not possible to establish the exact etiology based
on the microbiological examinations of either blood or
resected valve tissue, despite the microscopic findings of
bacterial clumps. The TA activity was considered low;
hence no immunosuppressive therapy was administered.

Some foreign publications support the diagnostic
value of PCR analyses of excised valve tissues in
the etiological diagnosis of IE [19, 20]. However, in
some cases — in the absence of clinical, laboratory
or echo evidence of active IE, — the presence of
bacterial genetic material (nucleic acids) in valve
tissue indicates not only the persistence of viable
bacteria, but also allows a retrospective diagnosis of
a prior IE infection [21]. Therefore, the PCR finding of
Staphylococcus aureus (MSSA) in the present clinical
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case does not contradict the concept of a prior IE, but
rather demonstrates the feasibility to establish the exact
etiological relation of pathogen in retrospect and proves
the relationship between the aggressive valve damage
and IE.

This clinical case has highlighted the following
important therapeutic issues: timely referral of a patient
with severe multivalvular disease for surgical treatment;
the specifics of surgical treatment in a patient with TA,
based on disease activity; risks of immunosuppressive
therapy in patients with IE.

The patient underwent AV replacement with
a mechanical valve prosthesis. Noteworthy is that
surgery in patients with active TA is difficult because
one has to operate on loose and inflamed tissues, which
can cause the development of a paravalvular fistula and
other complications [22]. In view of the above, patients
should be given adequate anti—inflammatory therapy
until morphological remission, and only then should
they undergo reconstructive surgery [23, 24]. That is
exactly what was done in the presented clinical case:
the surgical intervention was performed after achieving
complete remission of the disease. The management of
the patient was further complicated by the fact that, in
addition to the AV lesion, the patient had a severe MV
lesion due to myxomatous valve changes associated
with the development of an open abscess and leaflet
perforation, as well as moderate TR as a result of
the right heart involvement associated with rapidly
progressive changes in the left chambers. In addition
to the AV replacement with a mechanical prosthesis,
the patient underwent MV reconstruction and TV plasty
based on the patient’s individual anatomy.

Thus, a 22-year-old female patient with confirmed
TA was diagnosed with severe lesion of AV and MV due
to myxomatous cusp degeneration and IE, complicated
with abscesses, fistula, perforation and recurrent acute
decompensated heart failure. The patient underwent
a successful surgical treatment of the valvular defects.
It is likely that the TA-associated damage in the cardiac
valvular apparatus was not due to a direct effect of
TA on the AV, but rather due to immunosuppression
associated with TA. The IE time frame is very difficult
to ascertain. Supposedly, the patient had it when she
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was on methotrexate and GCS (the symptoms did not
show up due to immunosuppression). However, the
most severe lesions of the valvular apparatus occurred
after the discontinuation of GCS. It could still have been
a long-term indolent infection that was eliminated after
cessation of immunosuppressive therapy but severely
affected the heart valves within the short period from
GCS cessation to HF decompensation. The true cause
of the heart disease was established only based on
combined histopathologic and PCR examinations of
the excised valve tissue.

Conclusion

Aortic valve disease is not a rare phenomenon, but
it may have very diverse, from the common bicuspid
AV and degenerative diseases to lesions associated
with systemic autoimmune diseases. AT can affect the
aortic root and aortic valve, and therefore it is usually
difficult to diagnose the nature of a valve lesion. Here we
describe a rare case of concurrent IE and TA associated
with myxomatous valve degeneration. A combined
histopathological and PCR examination of the tissues
had a crucial role in the differential diagnosis of the
valvular lesions. It has established the major role of
myxomatous degeneration and IE in the development of
structural cardiopathy. TA had an indirect though clearly
leading role in creating conditions for the development
of immunosuppressive state and determined the severity
and progression rate of IE and the valvular disease. This
combined approach helped determine the true causes
of the heart disease and choose an optimal treatment
strategy.
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KnioueBas ponb rucronornyeckoro u MNMLP-uccnegosaHumn
B puddepeHunanbHON AMarHoCTUKE NOpaXkeHUs KanaHoB
cepaua npu aptepumte Takasicy, MHQEKLMOHHOM 3HAOKapauTe
M MUKCOMATO3HOM AiereHepauum
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AnHoTanus. [TopakeHre aopTaJbHOTO KilaraHa sIB/sieTCsl YaCTOMW MaTo/Iorveld, OfJHAaKO MTPUYMHBI MOTYT OBITh KpaliHe
Pa3HO00pa3HbIMU U MPe/CTaB/IeHHBIMH OT JlereHePaTHBHBIX, BDOXKJEHHBIX U MH(EKIIMOHHBIX 3a00/1eBaHU /10 ayTOUMMYHHON
niarosoruu. [IpesicTaBneHo peikoe HabMO[eHNe MOIOJIOH MalMeHTKU C apTepUUTOM TaKasicy U TSDKeJTbIM MopaXKeHHeM cep/Lia
BCJIe[ICTBYE MUKCOMAaTO3HOM ZiereHepariii CTBOPOK a0PTalbHOTO U MUTPAJIBLHOTO K/IaraHoOB C Pa3BUTHEM WH(EKIIMOHHOTO
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