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Behcet's disease (BD) is a multisystem inflammatory disease that is characterized
by oral aphthosis, genital aphthosis, ocular lesions, and cutaneous lesions.
Although BD rarely affects the cardiovascular system, its symptoms can be
shown as aortic regurgitation (AR), which requires surgical intervention. Due to
the special pathogenesis of BD, a low preoperative diagnosis rate and a high
incidence of serious complications, such as perivalvular leakage, valve
detachment, and pseudoaneurysm after prosthetic valve replacement, surgical
treatment of BD with severe AR has a poor prognosis. In recent years, new
surgical strategies have been developed to improve treatment efficacy for this
disease. This article reviews and summarizes the evolution of surgical
techniques for BD with AR and aims to provide a reference for optimizing
surgical strategies, improving perioperative management, and assisting prognosis
in patients suffering from BD with severe AR.
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GRAPHICAL ABSTRACT
Behcet's disease with severe aortic regurgitation—what we should know.

Epidemiology

Symptom and diagnosis

Medicine therapy

Cardiac surgery }
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Introduction

Behcet’s disease (BD) is a chronic vasculitis disease of unknown
etiology. The geographic pattern of the disease suggests a
distribution along the ancient “Silk Road” with high incidence in
the Middle and Far East (1). Turkey has the highest prevalence,
affecting 420 people per 100,000 population. In China, the
prevalence is 14 people per 100,000 population (1, 2). The mean
age of onset is 20-40 years old, and more males are affected than
females (3). BD affects multiple systems, including the skin and
oral mucosa, eyes, gastrointestinal tract, blood vessels, heart,
nerves, bones, and joints (3-5). Because of its high variability of
symptoms and lack of specific diagnostic indicators, several
diagnostic criteria have been used for identification of the
disease, such as International Study Group (ISG) criteria (6),
Japan revised criteria (7), Cheng and Zhang criteria (China) (8),
and International Criteria for BD (ICBD) (9). Among these, the
ICBD formulated in 2014 is most commonly used.

Approximately 1%-6% of patients with BD may have cardiac
symptoms, including endocarditis, valve lesions, coronary artery
lesions, ventricular thrombosis, pericarditis, myocarditis, and
coronary aneurysm (10-12). The Japanese autopsy system
suggests that the rate can reach up to 16.5% (13). BD combined
with aortic regurgitation (AR) is very common in Chinese and
East Asian populations (10, 14).

The cause of its occurrence is BD-induced inflammation, which
causes aortic valve leaflet thickening, prolongation, and redundant
movements (15, 16). This leads to inadequate and uneven leaflet
matching. Another factor is that the thinning of the valve and aortic
tissues increases the probability of aneurysm formation during
healing (15, 16). Ruptured or perforated valve aneurysms can lead to
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severe regurgitation and uncontrolled heart failure (15, 17). In
addition, BD lacks specific symptoms and diagnostic indicators. Thus,
the preoperative diagnosis rate is low, and there is no appropriate
treatment in time. These factors result in poor prognosis in patients
suffering from BD with severe AR. Early diagnosis and proper
treatment for this disease is a major challenge for cardiac surgeons.

Aortic valve replacement is a standard treatment for AR.
However, it is difficult for fragile tissue to support high suture
tension because BD-induced inflammation affects the aortic valve
and aortic root tissues. Postoperative complications, such as
paravalvular leaks (PVL) and valve dehiscence/detachment, can
easily occur and require two or more cardiac surgeries, and the
incidence is 40%-86.7% (18, 19). It is a hot topic to find the best
surgical treatment strategy and drug intervention for BD with
AR. This paper reviews and summarizes advances in recent
surgical methods and medical treatment and aims to provide a
reference for reducing surgical complications and improving the
prognosis of patients with BD.

Clinical symptoms and diagnosis of BD
with AR

Patients suffering from BD with AR can show non-specific
symptoms, such as chest tightness, shortness of breath after
activity, chest pain, palpitations, and even acute heart failure (20—
22). Lacking specific clinical symptoms and laboratory indicators,
the rate of misdiagnosis or missed diagnosis remains high. A
variety of diagnostic criteria for BD have been published over the
past few decades (6-9). Among these, the ICBD diagnostic
criterion proposed by the International Behcet’s Disease Research
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TABLE 1 International criteria for Behcet’s disease.

Symptom Point

Recurrent oral aphthosis 2

Recurrent genital aphthosis

Ocular lesions

Skin lesions

Neurological manifestations

Vascular manifestations

_ == = o

Positive pathergy test®

°The primary scoring system does not include pathergy testing; one more point
may be assigned if the pathergy test is positive. Scoring >4 indicates Behcet's
diagnosis.

Group in 2014 has both high sensitivity and specificity in the early
diagnosis of BD (Table 1) (9). Therefore, ICDB criteria have been
highly recommended for the diagnosis of BD.

Differential diagnosis

BD combined with AR needs to be differentiated from infective
endocarditis (IE), degenerative valve heart disease, and rheumatic
valvular heart disease (RVHD) (Table 2). BD combined with
valve lesions and IE can have similar clinical symptoms and
echocardiographic findings, so they can be easily misdiagnosed.
Sometimes patients suffering from valve lesions can even have IE
(23, 24). Kang et al. (25) and Hattori et al. (26) found that
echocardiography in patients with BD combined with AR mimics
signs of IE, such as aortic valve vegetations, perivalvular and
subannular abscesses, and valve perforation. In this case,
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
blood culture, and histopathological examination can be used to
distinguish between BD and IE.

RVHD has a high morbidity in underdeveloped countries and
regions, and women seem more likely to suffer from it (27, 28).

TABLE 2 Differential diagnosis of BD with aortic regurgitation.

Patient
characteristics

Disease

Clinical symptoms

10.3389/fcvm.2023.1290615

Acute rheumatic valvulitis is characterized by annular dilatation
and chordal elongation, leading to leaflet prolapse. Over time,
mitral stenosis, the hallmark of rheumatic heart disease, will
develop as a result of commissural fusion (29). Mixed aortic and
mitral valve disease occurs more frequently than isolated aortic
valve disease in RVHD. Echocardiography findings include
chordal fusion and shortening, leaflet thickening and retraction,
and leaflet calcification.

Calcific aortic valve disease (CAVD) is the most common
valvular heart disease in developed countries and predominantly
affects the elderly population (30). CAVD often presents as aortic
stenosis (AS). It is a progressive condition that evolves to severe
valve calcification and thickening with impaired leaflet motion
and vast blood flow obstruction, which are the hallmarks of
calcific AS (31).

Cardiac surgeons should be cautious about patients with aortic
valve disease. To avoid misdiagnosis and missed diagnosis,
complete medical history collection and ancillary examinations
and correct etiological diagnosis are important for the treatment
of BD (Table 2).

Ancillary examination

Electrocardiogram

There are no specific manifestations. Atrioventricular block,
ventricular parasystole, and sinus tachycardia may occur if
inflammation involves the cardiac conduction system.

Echocardiography

Transthoracic echocardiography (TTE) or transesophageal
echocardiography (TEE) can help provide a quick and visual
image of the anatomy of the aortic valve and aortic root and
assess cardiac function. The most common manifestation of BD

Valves affected Ancillary examination

Behcet’s disease

Men aged 20-40

(D Non-specific manifestations: chest

Aortic valve

@ Echocardiography: cusp prolapse with aneurysmal

heart disease

years old

tightness, shortness of breath, fatigue
@ History of rheumatic fever, such as
carditis, arthritis, chorea, subcutaneous
nodules, erythema marginatum

combined with valve | years old tightness, shortness of breath and even heart changes is common. Vegetation-like lesions and
lesions failure; perivalvular abscesses may present.
(2 BD-specific manifestations (Table 1) @ Indicators of inflammation may elevate, such as CRP
and ESR
Infective Any age (D Fever, night sweats, fatigue Mitral valve [©) Echocardiography: Valve vegetation is common;
endocarditis @ Vascular phenomena: arterial emboli, valvular regurgitation is the principal sign of leaflet
splenic infarction, mycotic aneurysms, destruction/perforation
intracranial hemorrhage, and Janeway lesions © Typical endocarditis organisms are evident on blood
@ Immunological phenomena: Osler’s cultures
nodes, Roth’s spots
Rheumatic valvular | Women aged 20-40 | (D Non-specific manifestations: chest Often involved the | (D Echocardiography: includes chordal fusion and

mitral valve and
aortic valve;
Multiple valve
lesions may be
present

shortening, leaflet thickening and retraction, and leaflet
calcification.

@ Laboratory tests may show high levels of CRP and
ESR

Calcific aortic valve
disease

Elderly population

Non-specific manifestations: exertional
dyspnea, angina, and dizziness/syncope

Aortic valve

D Echocardiography: aortic stenosis is common, with
severe valve calcification and thickening with impaired
leaflet motion and vast blood flow obstruction.

© Often associated with dyslipidemia
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combined with AR is cusp prolapse with aneurysmal changes.
Echocardiographic findings mimicking IE can also be present,
such as vegetation-like lesions and perivalvular abscesses. When
the aorta is involved, aortic dilation, aneurysm formation,
aortic pseudoaneurysm, and sinus of Valsalva aneurysm may be
found (24).

Inflammatory indicators

Inflammatory markers, such as ESR and CRP, may show a
negative correlation with the event-free period (32) and can help
determine the timing of surgery and predict the efficiency of
immunosuppression (33).

Histopathological examination
This is the gold standard diagnostic criterion. Pathologically,
endothelial

microabscesses

aortic tissue shows damage, fibrin deposits,

mixed inflammation, with  granulomatous

reactions, granulation tissue, and fibrosis (34, 35). Valve tissue
chronic inflammation,

can manifest as mixed acute and

neutrophil and infiltration,

capillaries (34, 35).

lymphocyte and proliferating

Surgery therapy

Due to systemic inflammation, patients with BD have a high
postoperative complication rate and mortality, and cardiac
surgery should be performed cautiously with inflammation
control. Mild-to-moderate AR can be treated medically, while
cardiac surgery is needed when severe regurgitation affects
cardiac function according to the 2021 ESC/EACTS guidelines
for the management of valvular heart disease (36).

Aortic valve replacement (AVR) and aortic root replacement
(ARR) are standard techniques for severe AR (21, 37), but
postoperative complications in patients with BD, such as
perivalvular leakage and pseudoaneurysm, remain high, and the
long-term prognosis is poor (15, 18, 34, 38). In recent years, with
a better understanding of BD pathophysiology, clinical centers
have proposed modified surgical strategies (Table 3) and drug
treatment regimens (Table 4) in anticipation of improving the
prognosis of BD.

Aortic valve replacement

Azuma et al. (15) performed a modified AVR termed the
“subannular ring reinforcement technique” in three patients. To
reduce the rupture stress to the aortic annulus, they used a
vertical 2/0 polyester mattress suture in the supra-annular
position and simultaneously placed a polyester ring in the
subannular position as a reinforcement, which sandwiched the
aortic annulus between the subannular ring and the prosthetic
valve. Each vertical suture was horizontally mounted. No
operative deaths or prosthetic valve detachments occurred after a
mean period of 3+18 years (range: 1.5-5.1 months). For
patients without a sinus of Valsalva aneurysm, this modified
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AVR is suitable and possesses advantages, such as less resection
and suture of tissues, less rupture stress on the aortic annulus,
and no coronary anastomosis. However, this surgery may not be
applicable in patients who have sinus of Valsalva aneurysms or
undergo reoperation.

Liang et al. (33) proposed a modified AVR technique with
reinforcement of the aortic root. They placed a 10.0 cm x 1.0 cm
Teflon felt strip beneath the ostia of both coronary arteries to
encircle the aortic root. Using continuous mattress stitches, a
double-armed 3-0 polypropylene suture line was placed 1.0 cm
beneath the ostium of the left coronary artery and passed from
outside to inside through the felt strip and the aortic wall, and
the prosthetic valve ring was sequentially sewn. Stitches were
then passed in a continuous line retrogradely. The suture was
tightened, and the aortic wall was sandwiched between the
external subannular felt and the sewing ring of the prosthetic
valve. By strengthening the aortic wall instead of the diseased
annulus, tension is mostly distributed on the felt and the sewing
ring. Meanwhile, the felt strip could serve as a banding to
prevent further dilatation and dissection. However, the sample
size of this study is too small, and the safety and efficacy of this
surgery need to be verified by larger studies and a long-term
follow-up.

Sun et al. (18) performed modified AVR with reinforcement of
the aortic root on five BD patients with AR. Beneath the ostia of
both coronary arteries, they used interrupted mattress stitches
from the outside in and horizontally through the aortic wall in
the same plane below the valve ring in a circumferential fashion.
Then, the prosthetic valve was anchored in the aortic wall, and
the ring was sequentially sewn. Performing reinforcement on the
aortic root is also an essential step. The tension on the aortic
annulus and aortic wall is distributed on the same horizontal,
which avoids the formation of shear and prevents the annulus
from tearing. The outcome showed a good prognosis, and no
deaths or complications were observed in these five patients
during the follow-up.
(41)
replacement (SAVR) to rescue valve detachment after AVR

Tang et al proposed supra-annular aortic valve
attributable to BD. In five patients who underwent aortic valve
detachment (with a mean interval of 6 months after the first
operation), the aortic annulus was reconstructed with a
pericardial patch, and then SAVR was performed. The prosthetic
valve was positioned between the native annular and coronary
ostium. Then, they placed Teflon felt strips on the outside of the
aortic wall for reinforcement. By doing so, surgeons could repair
the ventriculo-aortic disconnection and aortic root damage and
prevent pseudoaneurysm, mitral insufficiency, paravalvular
leakage, and valve detachment. In addition, this method obviates
the necessity of coronary artery bypass grafting (CABG), which
makes surgery more difficult and potentially leads to the
development of occlusive disease in the vein graft. No valve
detachment or pseudoaneurysm was reported during the average
follow-up of 21.8 months. Despite the limitations of the small
cohort of patients and short follow-up time, this surgery is
applicable for patients with extensive annular destruction after

recurrent failure of conventional methods.
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TABLE 3 Surgical treatments for BD with AR.

10.3389/fcvm.2023.1290615

Advantages Limitations
AVR
2009 Azuma Subannular ring (D Holds the aortic annulus between the subannular ring [©) Sample size was too small.
reinforcement technique and the prosthetic valve, reducing rupture stress on the | @ Limited indications make it unclear if this
aortic annulus surgery is suitable for patients with predominant
@ Avoid coronary anastomosis valvular lesions other than the sinus of Valsalva
(3 Lower risk of hemorrhage and lower medical costs than | aneurysm
ARR
2011 Liang Modified AVR with (D Reinforces the aortic wall, distributing the tension to [©) Sample size was too small.
reinforcement of the aortic the felt and the sewing ring instead of the fragile annulus | @ Limited indications make it unclear if this
wall (@ The felt serves as banding to prevent further dilation | surgery is suitable for patients with predominant
and dissection. valvular lesions other than the sinus of Valsalva
@ Lower risk of hemorrhage and lower medical costs than | aneurysm
ARR
2012 Tang Supra-annular aortic valve (D Reconstructs the aortic annulus with a pericardial ® Sample size was too small.
replacement (SAVR) patch, places a prosthetic valve between the native annular | @ Limited indications make it unknown if this is
and coronary ostium, and reinforces the aortic wall suitable for cases lacking normal intima tissue
@ Applicable for the reoperation between the native annulus and the coronary
@ Avoid coronary anastomosis ostium
2021 Sun Modified AVR + aortic root D Uses interrupted mattress stitches in a circumferential | (D Sample size was too small.
reinforcement fashion beneath coronary arteries ostia. Reinforces the @) Limited indications make it unclear if this
aortic wall between the outer cushion and the sewing ring | surgery is suitable for patients with predominant
of the artificial valve valvular lesions other than the sinus of Valsalva
@ Reinforces the aortic root is essential aneurysm
@ Avoids coronary anastomosis
ARR
2007, | Yoshikawa, Mini-skirt Bentall surgery D The stiff sewing ring of the prosthetic valve is not (D Multicenter studies and long-term follow-up are
2008 Tsunekawa, and directly attached to the annulus, making the fragile aortic | needed
Tao annulus less mechanically stressed.
@ Various reports indicate suitability for primary
operation or reoperation.
() Reconstruct the coronary arteries by button technique
2009, | Jeong and Ma Homograft aortic root (D Homografts have good biocompatibility and can (D Homografts are scarce.
2012 replacement obviate the risk of valve dehiscence. @ Inflammation may involve the homograft.
@) Eliminate problems with anticoagulation (@ Multicenter studies and long-term follow-up are
needed
2017 Chen Modified Bentall valved @ Left ventricular outflow tract tissue can withstand ( Not suitable for the primary surgery for
conduit attached to left greater tension than fragile annulus. resection of much aortic root tissue.
ventricular outflow tract (@ Rescues patients who underwent prosthetic valve @ 1t is not clear whether the mitral valve would be
detachment after primary standard AVR affected.
(@ Reconstructs the coronary arteries by button technique | 3) Multicenter studies and long-term follow-up are
needed
Other surgical techniques
2010, | Hollander and Orthotopic heart @ Saves lives of patients with end-stage heart disease @ Lack of heart donors
2012 Ma transplantation @ Surgery and postoperative management for
patients are complex
2021 Jiang TAVR @ Interventional surgery with minimally invasive @ Requires a strict grasp of surgical indication
@ Suitable for patients with a high risk of surgery @ The safety and efficacy of TAVR surgery for the
treatment of BD need further study

In summary, various modified AVR surgeries avoid suturing
the valve prosthesis to the fragile aortic annulus and adopt
reducing suture or reinforcement techniques, all of which
effectively reduce the incidence of valve detachment and
pseudoaneurysm. Compared with ARR, modified AVRs preserve
the aortic sinus and avoid coronary anastomosis, which simplifies
surgical procedures. However, the indications for modified AVRs
are limited, and patients with sinus of Valsalva aneurysms are
recommended for ARR. Meanwhile, current reported studies are
limited by small sample sizes and short follow-up times, and the
safety and long-term effects of modified AVRs require further
clinical studies.
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Aortic root replacement

ARR, such as the Bentall operation, which uses artificial or
biological materials to replace diseased aortic root tissue, is often
used for the treatment of aortic aneurysm/dissection. In recent
years, studies have proposed that ARR is better than AVR for the
treatment of BD with AR, and homograft grafts are preferred over
valved conduits with a mechanical or a bioprosthetic valve (32, 34).

The probability of valve detachment or paravalvular leakage
after AVR in patients with BD is 40%-86.7% (18, 19, 32, 34). In
the report of Jeong et al. (32), 789% of patients needed a
reoperation, and 36.8% of patients needed two or more
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TABLE 4 Perioperative immunosuppressive therapy.

‘ Perioperative immunosuppressive therapy regimen

Preoperation and postoperation: oral prednisone 1 mg/kg/day and azathioprine 1.5-2.5 mg/kg/day, prednisolone was slowly tapered to reach normal ESR

Postoperation: methylprednisolone (40 mg/day) intravenous drip for 4 consecutive days; after that, oral administration of prednisolone (10 mg/day) and
Postoperation: oral prednisone (0.5 mg/kg/day), followed by oral cyclophosphamide (100 mg/day), taken for 10 days every month. Regularly consult a

Preoperation and postoperation: oral prednisone (5 mg/kg/day) and thalidomide (50-200 mg/day), adjust the dose of thalidomide based on erythrocyte

Ahn (39) | 2009
and CRP levels
Liang (33) | 2011 | Preoperation: oral prednisone (20 mg/day) and thalidomide (50 mg/night) for 2 weeks
thalidomide (50 mg/day) was begun
Ma (34) 2012
rheumatologist to control inflammation and change the immunosuppressive regimen
Yang (14) | 2018
sedimentation rate and C-reactive protein
Sun (40) | 2021

On the basis of glucocorticoids + immunosuppressants, biologic agents are added to rapidly control inflammation and improve prognosis. Biologics are

discontinued 2 weeks before surgery, and postoperative patients without infection can start taking the drug at 4 weeks.

TNFa inhibitors: IFX was administered at a dose of 5 mg/kg intravenously at 0, 2, and 6 weeks, followed by every 8 weeks.

ADA was administered at 40 mg subcutaneously every 2 weeks.

GOL was injected subcutaneously at a dose of 50 mg every 4 weeks.

Interleukin-6-receptor antagonist: TCZ was administered at a dose of 8 mg/kg intravenously every 4 weeks

ADA, adalimumab; GOL, golimumab; IFX, infliximab; TCZ, tocilizumab.

reoperations. The reoperation rate in the AVR group reached
92.3% (12/13). However, the ARR group was only 25% (1/4).
The mean event-free survival at 13 years was 39.2% + 14.1% in
patients who underwent a Bentall-type operation, but it was 4%
+3.9% in patients who had AVR. In the study of Ma et al. (34),
seven patients underwent isolated AVR as the primary procedure.
Valve dehiscence occurred in six patients (85.7%) postoperatively
after a mean interval of 2.9+ 1.7 months. However, no valve
dehiscence occurred in three patients who underwent an ARR.
Therefore, ARR seems to be a better choice for BD patients,
regardless of primary operation or reoperation.

Yoshikawa et al. (42) used a mini-skirt Bentall procedure to
treat a BD patient with an aneurysm of the sinus of Valsalva,
dilatation of the annulus, and severe aortic regurgitation. This
modified Bentall technique used a composite valved graft in
which the aortic valve prosthesis was sutured 1 cm above the
proximal end of the graft (43) and then implanted into the aortic
valve annulus with pledgeted everting mattress sutures. They
reconstructed the coronary arteries by the button technique. No
valve detachment or pseudoaneurysm formation was observed 40
months after surgery. Liang et al. (44) reported that eight
patients received the mini-skirt Bentall procedure, and no
complications were observed in any of the patients during the
follow-up. All cardiac function of patients was good. This mini-
skirt technique, in which a prosthetic valve ring is not sewn
directly to the annulus, makes the fragile aortic annulus less
mechanically stressed compared with isolated AVR or standard
ARR (45). Thus, it is suitable for either primary operation or
reoperation. In addition, it can reduce the incidence of
postoperative perivalvular leakage, prosthetic valve detachment,
and bleeding risk, avoid coronary anastomotic leakage and
pseudoaneurysm, and improve long-term survival. Nevertheless,
multicenter studies and long-term follow-ups are still needed to
clarify the efficacy and possible problems of this procedure.

BD-induced inflammatory changes can affect both the aortic
annulus and the ascending aortic wall, resulting in postoperative
valve detachment. Fortunately, left ventricular outflow tract
myocardial tissue is free of inflammation (46). Chen et al. (46)
designed a modified Bentall procedure: a valved conduit directly
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sutured to the left ventricular outflow tract instead of the fragile
annulus. They reconstructed the coronary arteries by the button
technique in five patients with prosthetic valve detachment. All
patients who received this procedure after standard AVR had
satisfactory short-term and mid-term results. This procedure can
be applied to patients who undergo prosthetic valve detachment
after primary standard AVR. However, it is not suitable for
primary surgery for resecting aortic root tissue. Whether the
placement of the valved conduit deep into the left ventricular
outflow tract will affect the function of the mitral valve is
unknown, and long-term efficacy follow-up is also needed.

Transcatheter AVR

Jiang et al. (47) reported a 60-year-old patient with severe AR
who had been diagnosed with BD for 30 years and had a long
history of taking corticosteroids and immunosuppressants. After
evaluating the risk of prosthetic valve detachment, infection, and
poor wound healing after surgery, they chose transcatheter AVR
(TAVR) surgery using a 29-mm JValve valve fixed 1 cm below the
aortic annulus. Methylprednisolone and thalidomide were taken to
control inflammation after surgery, no complications occurred,
and cardiac function improved during 2 years of follow-up.

TAVR is a suitable treatment for inoperable or increased
surgical risk patients with severe aortic stenosis (48) and the
majority of currently available transcatheter devices are designed
for treating calcified aortic stenosis. Recently, many studies have
demonstrated acceptable clinical outcomes of TAVR in patients
with AR (49, 50). Adverse events related to TAVR include stroke,
PVL, conduction disturbances, coronary occlusion, and reaccess
(51). Most patients with BD are young and often have aortic root
lesions; thus, open surgery seems more suitable than TAVR.
Second, it is a challenge to anchor the prosthesis to the dilated
aortic annulus with minimal calcification, especially in BD
patients. Therefore, TAVR requires strict surgical indications.
During follow-up, Jiang et al. (47) found that aortic valve
regurgitation gradually reoccurred, which may be attributed to
biovalvular decay or inflaimmation. Therefore, the safety and
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efficacy of TAVR surgery for the treatment of BD with AR need
further investigation and long-term follow-up.

Orthotopic heart transplantation

Orthotopic heart transplantation is the gold standard treatment
for patients suffering from advanced heart failure (52, 53). Some
patients who do not respond well to immunosuppressive therapy
(IST)
progress to end-stage heart disease after multiple surgeries. Ma
et al. (34) and Hollander et al. (54) reported heart transplantation
in these patients, and the postoperative survival time was more

still experience various complications and eventually

than 2 years. Generally, heart transplantation is considered to be
contraindicated in BD due to the risk of performing the needed
vascular and atrial anastomoses in the presence of severe
inflammation (53). Moreover, patients may develop other severe
systemic diseases after surgery, such as kidney failure and lung
infections. Due to the lack of clinical studies with large sample
sizes, the benefits and efficacy of heart transplantation in BD
patients remain unclear. For BD patients who have progressed to
the end-stage stage, heart transplantation can be the ultimate
alternative. However, various postoperative complications and
complex drug treatments may be a challenge for clinicians. IST is
important. The interleukin receptor antagonist IL-1RA has been
used to prevent associated vascular disease, but the risks associated
with IL-1RA in heart transplant patients are unclear.

Medicine therapy

There is no strong evidence of medical therapy for the
treatment of AR in BD thus far. The main purpose of medical
therapy is to inhibit the progression and recurrence of
inflammation and prevent irreversible damage. Drugs used for
treatment included glucocorticoids (GCs), immunosuppressants,
and biologics (Table 4). Many studies have demonstrated that
the usage of GCs in conjunction with immunosuppressants could
of PVL

using

and other
GCs and
immunosuppressants during surgical treatment could delay

effectively decrease the development

complications (34, 55). However,
wound healing and increase susceptibility to infection. Some
investigations suggest that biological agents can reduce the dose
and side effects of GCs and immunosuppressants and improve
prognosis (40). Commonly used immunosuppressants include
cyclophosphamide, thalidomide, and azathioprine (45). Biologic
agents include TNF-o. antagonists and IL-6 antagonists (40, 56).
Perioperative medicine regimens vary in the literature and should
be individualized for the patient.

Timing of IST

It remains controversial when to start IST. Some investigations
have suggested that early detection of BD and starting an effective
IST before the first operation might provide the best clinical
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(55). researchers that

postoperative, but not preoperative, IST is an independent

outcomes However, some argue
predictor of less development of PVL (57). There was no
significant difference in the occurrence of reoperation or death
between preoperative and postoperative IST vs. postoperative IST
only (38). This means that starting IST after surgery plays a more
essential role in reducing postoperative

Inflammatory markers such as ESR and CRP, which could reflect

complications.

BD activity, are proposed to help determine the timing of surgery
and predict the effectiveness of IST (32, 40, 55). Keeping the ESR
under 32.5 mm/h before the operation resulted in better outcomes
(55). In our opinion, patients who will receive elective surgery with
inactive inflammation are recommended for both preoperative and
postoperative IST. For patients who will receive emergency
surgeries with medically intractable severe AR and congestive heart
failure regardless of active or inactive inflammation, IST should be
started as soon as possible postoperatively.

Postoperative follow-up

GCs, immunosuppressants, and anticoagulants should be taken
for a long time after surgery. The patients had regular postoperative
reviews in the departments of cardiac surgery, rheumatology, and
immunology. The dosage of medicine should be adjusted
according to symptoms and test results, such as ESR, CRP, and
coagulation function. TTE should be routinely examined every
3-6 months. TEE and total aortic computed tomography
angiography (CTA) should be performed when complications,
such as perivalvular leakage and prosthetic valve avulsion, are
suspected.

Summary

In China and East Asia, BD with valvular heart lesions often
presents with aortic regurgitation. Despite the low prevalence, BD
with AR has a lower preoperative diagnosis rate, a higher rate of
postoperative complications, and a poorer prognosis than AR
caused by other factors. The diagnosis of BD is mainly based on
ICBD diagnostic criteria, and patients lack specificity in their
clinical symptoms, which makes the accurate diagnosis of BD a
great challenge for cardiac surgeons. For patients with a suspected
or definitive diagnosis of BD, a multidisciplinary team composed
of cardiac surgery, rheumatology and immunology, infectious
diseases, and pathologists shall jointly decide the treatment plan to
improve the preoperative diagnosis rate and the prognosis of BD.

The prognosis of BD with AR is related to the surgical technique.
Isolated AVR is not suitable for the surgical treatment of such
patients. Cardiac surgeons should select the appropriate surgical
technique according to the condition of the patient. For patients
without aneurysms of the Valsalva sinus, various modified AVRs
or mini-skirt Bentall surgeries can be selected in combination with
the primary surgery. If an aneurysm of the Valsalva sinus is
present, ARR surgery should be performed, such as the mini-skirt
Bentall surgery. The Button technique is recommended for the
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* Acute aortic dissection |
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If the cardiac function is acceptable,

preoperative immunosuppressive therapy

immunosuppressive therapy to control
inflammation before surgery
For patients with heart failure requiring

emergency surgery, immunosuppressive
therapy could start after surgery.

Cardiacsurgery and postoperative immunosuppressive therapy

An experienced cardiac center assesses the
indication for surgery

Choosing the appropriate surgical regimen
and postoperative immunosuppressive
therapy regimen by MDT.

Postoperative follow-up and out-of-hospital management

Regular review to detect inflammatory
indicators and echocardiography, and
adjust the dosage of medicine.

FIGURE 1
Flowchart for the diagnosis and treatment of BD combined with AR.

reconstruction of the coronary arteries. If patients undergo
reoperation when valve detachment or pseudoaneurysm appears,
supra-annular AVR or various modified Bentall procedures can be
selected. For patients with great surgical risk, interventional
surgery (TAVR) may be an option. For patients with severe
complications and end-stage heart failure despite multiple
modified surgeries, heart transplantation can be applied.

Perioperative treatment with GCs and immunosuppressants is
essential. Inflammation should be controlled within normal levels
before cardiac surgery. Biologics can be used if necessary.
Because patients have a critical condition and require emergency
surgery but do not receive sufficient anti-inflammatory therapy
before surgery, they should start treatment with GCs and
immunosuppressants immediately after surgery. Perioperative
inflammatory indicators, such as CRP and ESR, should be
monitored, and echocardiography should be reviewed regularly to
closely monitor the condition of the patient (Figure 1).

Although many studies and surgical techniques have been
proposed for the treatment of BD, these studies are limited by
small sample sizes and short follow-up times. Thus, there is
currently no consensus on the treatment strategy and long-term
effect of BD. Multicenter, prospective, randomized controlled
large-sample clinical trials on this disease are needed.
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