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Lessons Learned From Intermittent Dysfunction
of Mechanical Heart Valve

ABSTRACT

Background: Intermittent malfunction is a rare but potentially serious complication of
prosthetic heart valve replacement. This study aimed to describe the clinical features
and etiologic causes of patients with intermittent mechanical prosthetic heart valve
dysfunction.

Methods: Between 2010 and 2021, 16 patients who were evaluated in the echocardiogra-
phy laboratory of Kosuyolu Training and Research Hospital with the diagnosis of intermit-
tent malfunction of prosthetic valves were included in the study.

Results: The evaluated patients consisted of 12 bi-leaflet mitral valve replacements and
2 mono-leaflet mitral valve replacements. The underlying causes of intermittent mal-
function were classified as follows: residual chord (n=4), obstructive thrombus (n=2),
non-obstructive thrombus (n=2), vegetation (n=2), pannus and obstructive thrombus
coexistence (n=1), and solely pannus (n=1). One of the patients with mono-leaflet mitral
valve replacements had pannus and obstructive thrombus. In the other patient with
mono-leaflet mitral valve replacement, a stuck valve was observed in 1 of 12 beats sec-
ondary to arrhythmia. There were also 2 patients with aortic valve replacements. One
patient had moderate aortic regurgitation due to prominent calcification and the other
had moderate obstruction due to pannus. In the patient with pannus, a stuck leaflet was
observed in 1 of 6 beats and moderate aortic regurgitation arose in 1 of 2 beats in the
patient with calcification.

Conclusions: The intermittent stuck valve may have catastrophic outcomes. When
making a treatment decision in these patients, assessing the degree of regurgitation
or stenosis is essential. In particular, the frequency of entrapment should be taken into
consideration when deciding the optimal therapy for intermittent prosthetic heart valve
dysfunction.
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INTRODUCTION

Intermittent malfunction is a rare but potentially serious complication of pros-
thetic heart valve (PHV) replacement.™ It can occurin both mitral and aortic PHVs
and may lead to either periodic obstruction or regurgitation of flow, depending on
the position of the valve and the phase of the cardiac cycle in which the disc gets
trapped.®’ The most frequently reported causes of intermittent disk dysfunction
include pannus formation, entrapment of the disk by thrombi (nonobstructive or
obstructive), subvalvular mitral tissue, suture material, vegetations, ventricular
myocardium, and arrhythmia.*>®? A multimodality approach that includes trans-
thoracic echocardiography (TTE), 2-dimensional (2D) or real-time 3-dimensional
(RT-3D) transesophageal echocardiography (TEE), cardiac computed tomogra-
phy (CT), and fluoroscopy may help the diagnosis of intermittent malfunction of
the PHV." If not treated appropriately, intermittent dysfunction can lead to per-
manent disc immobilization and have more catastrophic consequences." Hence,
prompt diagnosis and treatment are essential. Despite several case reportsin the
literature,” there is no clear consensus regarding the pathological process and
possible etiological causes associated with intermittent mechanical PHV dys-
function. This study aimed to describe the clinical features and etiologic causes of
patients with intermittent mechanical PHV dysfunction.
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METHODS

Patient Population

A total of 16 patients with intermittent mechanical left-
sided PHV dysfunction who were evaluated in Kosuyolu
Training and Research Hospital between February 2010
and March 2021 were included in this retrospective study.
The intermittent valve disc dysfunction was conclusively
proven with multimodality imaging tools, as well as Doppler
examination. Patients whose medical records could not be
accessed or whose definitive intermittent valve disc dys-
function was not proven by multimodality imaging tools
were excluded from the study. This retrospective study was
conducted in accordance with the principles of the Helsinki
Declaration and approved by the Local Institutional Review
Board (2021/22-282).

Definitions

Hypertension was defined as systolic blood pressure
> 140 mm Hg, diastolic blood pressure > 90 mm Hg measured
with the patient in supine position, or history of antihyper-
tensive medication use.” Diabetes mellitus was defined as a
fasting serum glucose level > 126 mg/dL, glycated hemoglo-
bin level > 6.5%, or a history of hypoglycemic medication(s).?
Cigarette smoking was defined as a history of smoking more
than 10 cigarettes per day for at least 1 year without any
attempt(s) to quit. Coronary artery disease was defined as
significant stenosis [>50%] in at least 1 epicardial artery.®
Chronic kidney disease was defined as the presence of kid-
ney damage or glomerular filtration rate of <60 mL/min/1.73
m?for >3 months." Ischemic cerebrovascular accident (CVA)
included transient ischemic attack (TIA) and stroke. The
TIA was defined as brief episodes of neurological dysfunc-
tion resulting from focal cerebral ischemia not associated
with permanent cerebral infarction.”™ Besides, ischemic
stroke was defined as an episode of neurological dysfunc-
tion caused by focal cerebral, spinal, or retinal infarction.’
These embolic events and the presence of clinical signs
were confirmed by imaging modalities (magnetic resonance
imaging with or without CT). The 2015 European Society of
Cardiology—modified criteria were used to diagnose pros-
thetic valve endocarditis (PVE).”

Imaging, Clinical, and Laboratory Assessment
Echocardiography images were independently assessed
by 3 cardiologists with more than 10 years of experience.

HIGHLIGHTS

e This study aimed to describe the clinical features
and etiologic causes of patients with intermittent
mechanical valve dysfunction.

e Intermittent malfunction is a rare but potentially severe
complication of the prosthetic heart valve.

e It requires elaborative examination in symptomatic
patients, and transesophageal echocardiography is
crucial for differential diagnosis.

e The frequency of entrapment and the degree of
regurgitation or stenosis play a fundamental role in
making treatment decisions.
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All patients underwent TTE using Vivid 7 Dimension® (GE
Vingmed Ultrasound AS N-3190, Horten, Norway) or Philips
iE33 (Philips Medical Systems, Andover, Mass, USA) echo-
cardiography devices and S5-1 sector array transducer.
Following TTE, 2D and RT-3D TEE studies were performed
on all patients by using an X7-2t transducer on aniE33 ultra-
sound machine (Philips Medical Systems). The presence
of intermittent malfunction was defined on the basis of
Doppler echocardiographic measurements and other imag-
ing modalities.

The diagnosis of thrombus, pannus, vegetation, and resid-
ual subvalvular apparatus was determined in accordance
with previous publications.?’®®22 Discrimination between
obstructive pathologies such as pannus or thrombus was
mainly based on 2D and RT-3D TEE studies in the majority of
the patient population. In patients with inconclusive find-
ings, multi-detector CT was performed for the assessment
and the differential diagnosis between pannus and throm-
bus.22Moreover, cine fluoroscopy (CF) was also performed for
the evaluation of stuck valves. In the case of bileaflet valves,
the disks were directly visualized, and opening and closing
angles were measured using a tangential view."”

A complete blood count and chemistry tests were obtained
from the hospital database of all patients at the time of
admission. Besides, the patient demographic characteris-
tics, medical history, elapsed time since valve surgery, type
and position of the prosthetic valve, rhythm disorders, New
York Heart Association (NYHA) functional class, and leading
symptoms were obtained from the hospital database and
telephoneinterviews.

The Treatment Strategies

Thelow-dose, slow/ultra-slow infusion of thrombolytic ther-
apy (TT) strategies were performed as appropriate, based
on the protocols described in previous reports.Z®2> ATT regi-
men with 6 hours infusion of 25 mg t-PA (alteplase) with-
out a bolus (repeat up to 6 times if needed, maximum total
dose of 150 mg) was administered as a first-line therapy to
NYHA functional class IlI-1V patients with obstructive pros-
thetic valve thrombosis who had no contraindications for
TT. All patients underwent serial TTE and TEE examinations
between each TT session. Thrombolytic therapy sessions
with low-dose slow-infusion of t-PA were repeated until
resolution of the obstruction was maintained. In patients
with NYHA functional class I-1l, a TT regimen with 25 hours
infusion of 25 mg t-PA without a bolus (repeat up to 8 times
if needed, maximum total dose of 200 mg) was administered
as first-line therapy. Patients underwent serial TTE after
each 12 hours, and immediate 2D and RT-3D TEE was per-
formed in patients when a partial or complete resolution of
the obstruction was observed.

All patients were operated on under general anesthesia and
a median re-sternotomy was utilized. Mediastinal adhesions
were opened, and cardiac and great vessels were exposed
before systemic heparinization. Surgical intervention was
performed using a standard cardiopulmonary bypass tech-
nique with central cannulation under moderate degree
hypothermia. Myocardial protection was provided with
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antegrade intermittent or continuous retrograde isother-
mic blood cardioplegia solution. Previously implanted valve
and sutures were removed, the valvular annulus was clearly
exposed, and interrupted pledgeted sutures were used.
Subsequently, hot shot cardioplegia was delivered, and aor-
tic cross-clamp was removed once the heart started beat-
ing. Once all parameters were satisfactory, cardiopulmonary
bypass was weaned off and the sternum was closed.

In cases of PVE, the majority of patients were treated
with empiric broad-spectrum antibiotics. If a patient was
referred from another hospital, antibiotic treatment was
administered according to the previous culture results.
Subsequently, the patients were switched over to suitable
antibiotics in accordance with their antibiotic susceptibility
reports and standard recommendations. These recommen-
dations were based on the European Society of Cardiology
guidelines.”

RESULTS

Atotalof 16 patients withintermittent PHV dysfunction were
included in the study. The preoperative demographic fea-
tures, comorbidities, electrocardiographic, and laboratory
findings of the patients are listed in Tables 1 and 2, respec-
tively. There were 11females and 5 males with an average age
of 57 years (range, 25-80 years). All patients had left-sided
mechanical PHVs. Two patients had aortic valve replace-
ment (AVR), and 14 had mitral valve replacement (MVR); 12 of
them had bileaflet and 2 had monoleaflet mitral prosthesis
(Table 1). The shortest elapsed time after valve surgery was
15 days; the average time was 42 months. The most common
reason for valve replacement was rheumatic mitral stenosis
(n=7). The other causes were rheumatic mitral regurgitation
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(MR) (n=3), MR due to senile degeneration with chordal rup-
ture (n=2), and ischemic MR (n=2), whereas the 2 patients
had underwent AVR due to severe aortic stenosis with bicus-
pid aortic valve (Table 1).

The chief complaints on admission, etiologic causes, and
treatment strategies of patients with intermittent PHV dys-
function are summarized in Table 3. The causes of dysfunc-
tionin 12 bileaflet mitral prosthesis were classified as follows:
residual chordae (n=4), obstructive thrombus (OT) (n=2),
non-obstructive thrombus (NOT) (n=2) (Figure 1, Video 1),
vegetation (n=2), coexistence of pannus and OT (n=1), and
pannus formation (n=1).

Surgical Therapy

Totally 4 of 16 patients required surgical therapy. The main
clinical manifestations of surgery group included NYHA
class 3 or 4 dyspnea (n=3) and CVA-related confusion
(n=1) (Table 3). One of the patients who had residual chor-
dae suffered severe intermittent MR in 1 of every 3-beat
and presented with NYHA class 4 symptoms (Figures 2, 3
and Videos 2, 3). This patient also suffered from recurrent
hospital admissions. Subsequently, the patient underwent
reoperation. Intermittent MS due to OT was detected in
2 patients. One patient presented with ischemic CVA,
while the other presented with NYHA class 4 symptoms.
Reoperation was performed in both patients. Moreover, 1
patient had intermittent obstructive MS due to pannus for-
mation, andreoperation was performed due to the patient's
newly developed and progressive symptoms (NYHA-3).
However, the patient (patient #12) died on the ninth day
of the operation due to low cardiac output syndrome and
acute kidney injury.

Table 1. Preoperative Demographics, Comorbidities, Baseline Clinical Characteristics, and Electrocardiographic Findings

Patient Gender Age DM HT CVA AF CAD Valve Type ETSVS Surgery Indication

1 M 51 0 1 0 0 0 AVR 26 M Bicuspid aortic valve-aortic stenosis

2 M 80 1 1 0 1 1 AVR 66 M Bicuspid aortic valve-aortic stenosis

3 F 64 0 1 1 1 0 MVR ™ Senile degeneration chordal rupture-
mitral regurgitation

4 F 56 0 1 1 0 0 MVR 15D Rheumatic mitral regurgitation

5 F 62 1 1 1 0 0 MVR 212M  Rheumatic mitral regurgitation

&) F 52 1 1 0 1 0 MVR ™ Rheumatic mitral regurgitation

7 M 66 0 1 0 0 0 MVR 47 M Rheumatic mitral stenosis

8 F 36 0 0 0 0 0 MVR 37M Rheumatic mitral stenosis

9 F 53 0 0 0 0 0] MVR 60M Rheumatic mitral stenosis

10 F 25 0 0 0 0] 0] MVR 21M Rheumatic mitral stenosis

1 F 40 0 0 0 0] 0] MVR 6M Rheumatic mitral stenosis

12 M 60 1 1 0 1 0 MVR 54M  Senile degeneration-chordal
rupture-mitral regurgitation

13 M 54 1 0 0 0 1 MVR 6M Severe ischemic mitral regurgitation

14 F 65 0 1 0 0 1 MVR 43M  Severeischemic mitral regurgitation

15 F 47 0 0 0 1 0 MVR-MONO 61M Rheumatic mitral stenosis

16 F 48 0 1 0 1 0 MVR-MONO 35M Rheumatic mitral stenosis

DM, diabetes mellitus; HT, hypertension; CVA, cerebrovascular accident; AF, atrial fibrillation; CVA, coronary artery disease; ETSVS, elapsed time

since valve surgery; MVR-MONO, MVR monoleaflet; M, Month; D, day.
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Table 2. Patient’s Laboratory Values

HGB WBC PLT CRP
Patient (g/dL) (mm?) (10%/uL) INR (mg/dL)
1 14.5 7.4 216 2.36 14
2 122 51 145 21 0
3 141 6.4 263 1.03 0.4
4 13 6 243 1.6 18
5 10.6 496 166 2.84 45
6 8.6 18.5 181 316 3.29
7 13.8 7.4 264 2.43 4.47
8 8 9 424 197 5
9 10.6 5.8 213 2.63 294
10 14 8 233 1.4 5
1 10 4 154 1.89 1.9
12 12.7 5.4 150 196 0.85
13 10.4 29 218 2.01 201
14 10 12.8 459 4.63 4
15 13.2 69 220 2.5 0
16 121 7 179 1.42 3N

Anatol J Cardiol 2022; 26: 725-732

Creatinine BUN LDL HDL TG Blood
(mg/dL)  (mg/dL) (mg/dL) (mg/dL) (mg/dL) Type
114 26 161 37 140 ARH+
098 36 126 35 159 ORH+
0.75 14 158 58 215 BRH+
0.6 22 101 49 75 ABRH+
0.67 8 169 43 167 BRH+
092 61 145 48 178 BRH+
0.76 38 139 44 89 BRH+
0.53 31 70 45 57 ARH+
0.67 271 121 34 153 ARH-
0.58 16 100 62 122 ORH-
415 84 68 35 62 ORH+
1.08 29 183 35 161 ARH+
1.06 69 110 42 129 ARH-
1 38 105 66 140 ARH+
0.59 22 168 48 152 BRH+
0.77 1919 101 44 122 ABRH-

HGB, hemoglobin; WBC, white blood cell; PLT, platelet; CRP, C-reactive protein; BUN, blood urea nitrogen; TG, triglycerides; INR, international

normalized ratio.

Non-Surgical Therapy

The treatment modalities of the remaining patients were as
follows: fibrinolytic therapy (n=4), antibiotic therapy (n=2),
and routine medical monitoring (n=6). The main clinical
manifestations of these patients included dyspnea (n=8),
fever (n=2), and palpitations (n=2) (Table 3). Two patients
withintermittent PHV dysfunction with residual chordae eti-
ology were in stable clinical condition. Hence, the decision of
medical follow-up was made. Two patients presented with
intermittent moderate MR due to NOT (NYHA classes 2 and
3). Both of these patients received low-dose, ultra-slow infu-
sion of tPA, and complete lysis was achieved. Two patients
had intermittent PHV dysfunction due to the combination
of pannus and thrombi. The intermittent MS was detected
in 1 of them (monoleaflet) due to OT and pannus forma-
tion, and intermittent PHV dysfunction completely resolved
after low-dose slow infusion of tPA. The other patient had
NOT and pannus formation, and intermittent MR com-
pletely resolved after low-dose, ultra-slow infusion of TT.
Two patients with PVE presented with fever. These patients

Figure 1. Transesophageal echocardiography images show
intermittent entrapment due to thrombus, the arrow reveals
stuckleaflet. LA, left atrium; LV, left ventricle; IAS, interatrial
septum; MVR, mitral valve replacement.
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had severe intermittent MR and were treated with antibiotic
therapy for 6-8 weeks. In the other patient with monoleaflet
MVR, a stuck valve was observed in 1 of 12 beats secondary
to arrhythmia. As obstruction was observed infrequently,
the patient was followed up with medical treatment. In the
patients with AVR, one had moderate aortic regurgitation
due to prominent calcification, and the other had moder-
ate obstruction due to pannus formation. Follow-up under
medical treatment was considered for these patients. In the
patient with pannus, stuck valve formation occurredin1of 6
beats, and moderate aorticregurgitation arosein1of 2beats
in the patient with calcification. All non-surgical patients
were discharged uneventfully.

Fifteen discharged patients (surgical and non-surgical) are
followed up closely at 3-month intervals.

o chordae tendinea el

Figure 2. Transesophageal echocardiography images
indicate residual chordae causes restraining the closure of
mitral valve leaflet. LA, left atrium; LV, left ventricle; RA,
right atrium.
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entrapment by residual chordae. LA, left atrium; LV, left ventricle; LAA, left atrial appendage; IAS, interatrial septum; MVR,

mitral valve replacement.

DISCUSSION

The major finding of the current study is that the entrapment
frequency and the severity of dysfunction should be
prioritized in making a treatment decision in patients with
intermittent dysfunction of mechanical PHVs. Intermittent
entrapmentleadstosuspendeddiscmotionorimmobilization
in closed or open positions, resulting in obstruction or
regurgitation. Consequently, intermittent PHV dysfunction
may have catastrophic outcomes and necessitates prompt
diagnosis and treatment.

The major underlying etiologies of intermittent pros-
thetic valve dysfunction are thrombus, pannus, or vegeta-
tion.” Also, Carlson et al?® previously reported the etiology
of intermittent malfunction of PHV due to wearing and tech-
nical specialty of valve type. Poppet (tilting disc) valves, well-
known in the mid-1970s, had increased wear and reduced
poppet substance. These disadvantages caused decreased
rotation and irregular stress distribution across the disc. In
terms of prosthetic valve thrombosis, bioprosthetic valves
are the safest option. Mechanical valves in the mitral and
aortic positions may have a thrombosis risk of 0.5%-8%;
however, mechanical tricuspid valves have the highest risk
ratio (20%).2#%* The 2020 American College of Cardiology
(ACC)and American Heart Association (AHA) guidelinesrec-
ommend urgent initial treatment with either slow-infusion,
low-dose TT, or emergency surgery for symptomatic left-
sided prosthetic valve thrombosis.?® Hence, the low-dose
slow or ultra-slow infusion of TT protocol was our treatment
approach in patients with intermittent PHV dysfunction due
to OT or NOT.?>2® We observed full recovery without compli-
cationin 2 cases with OT and NOT, respectively.

Epidemiology of PVE is changing due to the following sev-
eral factors. In developing countries, rheumatic disease
is the primary IE etiology caused chiefly by Streptococci
and has a poor prognosis with a low healthcare supply.
However, in developed countries, patients are elderly and
associated with advanced healthcare facilities. Thus,
degenerative valves, prosthetic valves, and intracardiac
devices have replaced rheumatic disease as the leading
risk factor, with Staphylococci being the most frequently
isolated pathogens.? In patients with left or right-sided

endocarditis, specific or empiric antibiotic therapy should be
initiated; in case of failure, a therapy modification may be
required.*® A heart valve team should make a decision about
the optimal timing of surgical intervention.®" In the present
study, 2 patientsresponded well to 6 weeks of antibiotherapy.

Pannus formation is a well-known non-structural valvular
dysfunction. Extreme overgrowth of fibroblastic tissue due
to non-immune reactions is the major underlying pathol-
ogy. Collagen and elastic fibrous tissue conducted by endo-
thelial cells, chronic inflammatory cells infiltration, and
myofibroblasts constitutes the primary structure of pannus
overgrowth,*> which may reduce the effective orifice area
of the prosthetic valve and cause obstruction. Tissue over-
growth burden is associated with the degree of obstruc-
tion.* Nevertheless, surgical treatment of pannus-related
obstruction has shown relatively good results.>* In our series,
3 patients had an intermittent PHV dysfunction due to pan-
nus formation. One of the patients with monoleaflet MVR
also had NOT. We determined that the entrapment was due
to the presence of NOT. After successful TT, complete clini-
cal recovery was maintained. One patient who underwent
bileaflet MVR 5 years ago developed pannus overgrowth.
Redo surgery was our traditional treatment approach for this
patient. Onthe other hand, 1patient who had pannus forma-
tion after AVR had a moderate obstruction due to infrequent
development of stuck valve. Further pannus growth may
resultin permanent disc entrapment; thus, a strict and regu-
lar follow-up was recommended for this patient.

Except for the cases mentioned above, an arrhythmia-
related intermittent stuck valve has not been previously
reported. Atrial fibrillation is characteristically followed
by irregular ventricular responses, which may not provide
effective stroke volume.* In such cases, the prosthetic valve
may not properly open or close. Underlying heart disease
and continuous atrial fibrillation itself have an impact on
atrial remodeling. Progressive remodeling results in irrevers-
ible structural changes, and AF becomes permanent. Several
implications have been well identified in AF management,
including rhythm control, rate control, and prevention of
thromboembolism.*® Our approach in the case was rate con-
trol, and 1 month later, the follow-up evaluation revealed no
trace of anintermittent entrapment.
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Establishing a diagnosis of prosthetic valve malfunction
requires various methods. Transthoracic echocardiogra-
phy is the first step imaging modality for the assessment
of prosthetic valves. Moreover, 2D or RT-3D TEE, cardiac
CT, or fluoroscopy may be needed when valve dysfunction
is suspected. Diagnosing prosthetic valve obstruction can
be difficult, but diagnosing an intermittent stuck valve
is even more challenging. Multicycle image acquisition is
time-consuming and causes device storage shortages.
Prolonged and detailed imaging is necessary for patients
with very high clinical suspicion. In the current study, all
cases were diagnosed by 2D and 3D-RT TEE, whereas 2D
TTE and fluoroscopy helped in the diagnosis of 2 patients
individually.

The strategy of diagnosis and treatment in prosthetic valve
dysfunction is previously well-identified. Nevertheless,
planning the strategy in intermittent dysfunction is chal-
lenging. We suggest that the fundamental decision for
performing an intervention in patients with intermittent
stuck valves depends on the patient's clinical status and the
degree of obstruction or regurgitation. Two patients with
AVR in our series had moderate stenosis and regurgitation
with similar intermittent entrapment frequency. Because
of the moderate severity of echocardiographic findings and
the good clinical status of the patients, we decided to follow
up with medical treatment. The frequency of entrapment of
the prosthetic valve constitutes the clinical severity. Patient
4 had severe intermittent MR in 1 of 4 cycles due to obstruc-
tive thrombus with the NYHA class 3 heart failure. patient
11had severe intermittent MR due to residual chords but with
rare entrapment frequency (1of 7); the patient was in a mild
condition as NYHA class 1. We noticed the same difference
on the obstruction side in patients 9 and 16. In comparison to
these patients, the essential difference was the frequency of
entrapment.

Study Limitations

Itisimportant to emphasize the limitations pertaining to the
methods of this study. First, this was a retrospective study
and included a relatively small patient population. However,
it should be noted that intermittent dysfunction is a very
rare complication of PHV replacement. Second, the absence
of surgical confirmation of the underlying pathologies was
another limitation. Third, long-term outcomes of this patient
population are lacking.

CONCLUSION

Theintermittent malfunction of the prosthetic valveisrarely
defined and may have catastrophic outcomes and neces-
sitates a comprehensive approach. It requires elaborative
examination in symptomatic patients with prosthetic valves,
and TEE is crucial for differential diagnosis. When making
a treatment decision in these patients with native or pros-
thetic heart valves, the degree of regurgitation or stenosis is
essential. In particular, forintermittent PHV dysfunction, the
frequency of entrapment plays a fundamental role in making
treatment decisions.
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Video 1: Intermittent entrapment due to non-obstructive thrombus
is seen in the 2D-TEE image. 2D-TEE, 2-dimensional transesopha-
geal echocardiography.

Video 2: A 2D-TEE image displays intermittent entrapment due to
residual chorda tendinea. 2D-TEE, 2-dimensional transesophageal
echocardiography.

Video 3: Color Doppler assessment shows intermittent severe mitral
regurgitation.
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