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ORIGINAL ARTICLE

Clinical Outcomes of Percutaneous Transcatheter 
Release of Stuck Mechanical Mitral Valve With 
Cerebral Embolic Protection
Vasu Nandhakumar , MD, DNB, FNB; Latchumanadhas Kalidoss, MD, DM; Janakiraman Ezhilan, MD, DM, FNB;  
Shahina Begam, BSPA; Mullasari S. Ajit , MD, DM

BACKGROUND: Surgery or fibrinolysis is the currently available evidence-based treatment for obstructive mechanical valve 
thrombus. We reported the feasibility and short-term outcomes of percutaneous transcatheter therapy with cerebral embolic 
protection. Mid- and long-term outcomes remain unknown.

METHODS: From 2020 to 2023, 24 patients underwent percutaneous transcatheter release of stuck leaflets with cerebral 
embolic protection for obstructive mitral mechanical valve thrombus. The indications for the transcatheter therapy were failed 
fibrinolysis, contraindications for fibrinolysis, not willing for fibrinolysis, or high risk for surgery. The study participants were 
followed up for a median period of 344.50 (65.00–953.75) days.

RESULTS: Technical success was achieved in 91.67% (n=22) of procedures. During the follow-up, 12.50% (n=3) all-cause 
death, 4.17% (n=1) stroke, and 16.67% (n=4) recurrence were seen. The mean survival time free from death was 1101.48 
(95% CI, 929.49–1273.47) days, stroke was 1211.38 (95% CI, 1110.40–1312.35) days, and recurrence was 907.71 (95% 
CI, 760.20–1055.21) days.

CONCLUSIONS: Transcatheter release of the stuck mitral mechanical valve with cerebral embolic protection is an alternative 
therapy with promising mid-term outcomes where surgery or fibrinolysis is not possible or in failed fibrinolysis subsets.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: balloon valvuloplasty ◼ cardiac valve prosthesis ◼ mitral valve ◼ embolic protection devices ◼ thrombolytic therapy ◼ thrombus

Mechanical heart valves are recommended in mitral 
valve disease patients aged <65 years with a rea-
sonable life expectancy and no contraindications 

to long-term anticoagulation.1 This recommendation 
was made because of the durability of the mechanical 
prosthesis over bioprosthesis. However, the durability 
of the mechanical valve is often challenged by obstruc-
tive thrombus as early as the first year. Redo surgery or 
fibrinolysis in high-risk surgery patients is the currently 
available evidence-based treatment.1 The mechanical 
heart valve thrombosis incidence ranges from 0.1% to 
5.7%.2 Redo cardiac surgery often ends in a new valve 

replacement with a bioprosthetic valve though isolated 
reports of thrombus or pannus removal are available 
in the literature.3 Ultraslow infusion of fibrinolysis has 
shown promise over bolus fibrinolysis. Failure to release 
the stuck leaflets, embolic stroke, and systemic embolism 
are known complications.4 The HATTUSHA multicenter 
study showed a 90% success rate for fibrinolysis with 
low mortality at 3 months. However, in their study cohort 
of 276 patients, 6 were unsuitable for surgery and 56 
were unsuitable for thrombolysis, which were excluded 
in the analysis. The current study addresses this subset 
of the population, where surgery or fibrinolysis is not 
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an option.5 We reported the feasibility of Percutaneous 
Transcatheter Release of Stuck Mechanical Valve (PET-
ROS) with cerebral embolic protection (CEP) for stuck 
mitral mechanical valves, in which both internal carotid 
arteries (ICAs) were protected with filters and then we 
performed balloon dilatation across the valve orifices to 
release the stuck leaflets.6 In this research, we are report-
ing the mid-term outcome of the PETROS with CEP.

METHODS
Patients who underwent PETROS with CEP at the mitral position 
from 2020 to 2023 at the authors’ center were enrolled in this 
retrospective single-center descriptive study. Written informed 
consent was obtained from study participants. Institutional eth-
ics committee approval was obtained for the study. The data 
that support the findings of this study are available from the 
corresponding author upon reasonable request. The indications 
for the PETROS procedure are shown in Figure 1. Primary 
PETROS was performed in clinical scenarios where surgery or 
fibrinolysis could not be performed and rescue PETROS was 
done in failed fibrinolysis patients. After a heart-team discus-
sion, a shared decision of PETROS with CEP was made in all 
patients. The study participants were followed until December 
2023 for clinical outcomes of all-cause death, stroke, coronary 
embolism, systemic embolism, leaflet fracture or dislodgement, 
cardiac tamponade, Valve Academic Research Consortium-2 

bleeding, recurrence of the stuck valve, and reintervention in 
the form of fibrinolysis, surgery, or repeat PETROS.

Diagnosis of the Stuck Mitral Valve
Patients with >50% increase in the mean gradient from the 
baseline postoperative value or an absolute value of >5 mm Hg 
across the mitral mechanical valve by a transthoracic echo-
cardiogram in the absence of hyperdynamic circulation or 
significant paravalvular leak were submitted for fluoroscopic 
evaluation of leaflet movements. A reduced opening angle 
of <50% of its maximal range at end diastole or complete 
absence of leaflet movements was diagnosed as the stuck 
valve. Opening angle and closing angles were measured in the 
coplanar view (Figure S1). TTK Chitra (TTK Health Care, India) 
tilting disc range of movements was evaluated by a transesoph-
ageal echocardiogram (TEE) as the leaflets are radiolucent. In 
this study, 37.50% (n=9) of patients underwent computerized 
tomography (CT) evaluation to differentiate thrombus from 
pannus and to plan the treatment (Figure S2).7 The details of 
CT protocol and evaluation are provided in the Supplemental 
Material. The identification of the coplanar view in the fluoros-
copy was done in a stepwise manner (Figure 2), and detailed 
steps are provided in the Supplemental Material. In this study, 
50% (n=12) of the valves were seen in the antianatomic orien-
tation, 33.33% (n=8) valves were seen in the anatomic orienta-
tion, and 16.67% (n=4) of the valves were seen in an oblique 
manner (Figure 3).

PETROS Procedure
The procedures were done under local anesthesia, except for 
those patients in cardiogenic shock, where the procedure was 
performed under general anesthesia. As systemic and cerebral 
embolisms were potential risks, baseline bedside Doppler study 
of bilateral carotid, vertebral, upper limb, and lower limb arteries 
was documented at the beginning of the procedure. Baseline 
cardiac troponin-I and arterial blood lactate were documented 
to identify postprocedure coronary embolism and mesenteric 
ischemia, respectively. Intravenous ceftriaxone 2 g was given 1 
hour before the procedure.

Vascular Access
A 9F venous access in the right common femoral vein for 
transseptal access and 6F arterial accesses in both common 
femoral arteries were taken under ultrasound guidance with a 
micropuncture needle. The international normalized ratio (INR) 
levels up to 3 were accepted for the procedure without rever-
sal, whereas in those who presented with INR levels above 3 
(12.50%; n=3) with hemodynamic compromise, fresh frozen 
plasma was given to bring the INR to <3, and then, the access 
was obtained. In hemodynamically stable high INR patients 
(4.17%; n=1), PETROS was postponed for 2 to 3 days, and the 
procedure was performed once the INR levels became <3.50 
IU/kg of unfractionated heparin that was given intravenously 
after obtaining vascular accesses.

Transseptal Access
A transseptal access was taken from the right common femo-
ral vein with fluoroscopic guidance at the posterior and inferior 
parts of the septum at the imaginary line drawn from the inferior 
border of the mechanical valve. The inferior puncture allowed us 

WHAT IS KNOWN
•	 The treatment of obstructive mechanical valve 

thrombus is either surgery or fibrinolysis in high-risk 
surgical candidates.

WHAT THE STUDY ADDS
•	 Percutaneous Transcatheter Release of Stuck 

Mechanical Valves with cerebral embolic protection 
is an alternative safe therapy with acceptable mid-
term clinical outcomes, where surgery or fibrinolysis 
is contraindicated.

•	 The recurrence of the stuck valve post-Percutaneous 
Transcatheter Release of Stuck Mechanical Valve 
can be managed by fibrinolysis or repeat Percuta-
neous Transcatheter Release of Stuck Mechanical 
Valve.

Nonstandard Abbreviations and Acronyms

CEP	 cerebral embolic protection
CT	 computerized tomography
ICA	 internal carotid artery
INR	 international normalized ratio
PETROS	� Percutaneous Transcatheter Release of 

Stuck Mechanical Valve
TEE	 transesophageal echocardiogram
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Figure 1. Study flow.
The various indications for Percutaneous Transcatheter Release of Stuck Mechanical Valve (PETROS) and the follow-up. TEE indicates 
transesophageal echocardiogram.
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to access all 3 orifices coaxially by pushing or pulling maneu-
vers (Figure 4). Neither TEE nor intracardiac echocardiogram 
guidance was used for transseptal access. In 34.78% (n=8) 
of the procedures, electrocautery was used on a transseptal 
needle for a thick interatrial septum. A 50-W pure cut energy 
was applied for 3 seconds using a unipolar cautery. The BRK 
needle was used in 78.26% (n=18), and BRK-1 was used in 
21.74% (n=5) of the patients due to a dilated right atrium. A 
0.025ʹʹ coil spring wire was placed in the left atrium, and the 
Aagilis steerable sheath (Abbott, St. Jude Medical, Saint Paul, 
MN) was placed over it into the left atrium. A 1-L heparinized 
saline bag was connected to the Agilis sheath to flush at a rate 
of 30 mL/h continuously. Additional heparin was given to main-
tain the activated clotting time between 250 and 300 seconds.

Cerebral Embolic Protection
The CEP was obtained with a 5- or 6-mm SpiderFX embolic 
protection device (Medtronic, Minneapolis, MN) in each ICA 
through the right and left common femoral arteries. The CEP 
was only partial as the vertebral arteries were not protected. 
An interventional radiologist was on call to intervene in case of 
vertebral artery embolism but was never required in our series. 
The SENTINEL cerebral protection system (Boston Scientific) 
was unavailable in India during the first 15 PETROS proce-
dures. During the last 9 procedures, the options of SENTINEL 
versus bilateral SpiderFX filters were discussed with patients, 
and those 9 patients chose SpiderFX filters. In patients with 
previous stroke (n=2; 8.33%) and those who developed stroke 
during index hospitalization (n=3; 12.50%), a baseline digital 
subtraction angiogram of the brain was performed.

Balloon Dilatation
Once the CEP was obtained, the balloon dilatation was per-
formed. The principles behind balloon sizing and selection of 
the valve orifice are provided in the Supplemental Material. 

A 7F Judkins right guide catheter was introduced inside the 
Agilis sheath. The Judkins right guide tip was kept 5 mm out-
side the Agilis sheath. The primary curve of the Judkins right 
was kept perpendicular to the steerable curve of Agilis to cre-
ate 3-dimensional maneuverability. In patients with a stuck 
valve, the central orifice may be as small as 1 to 2 mm. The 
3-dimensional maneuverability was helpful in precisely direct-
ing a 0.014ʹʹ coronary wire through the required orifice. In a 
few procedures, a buddy wire in one of the lateral orifices was 
required to wire the critical central orifice, as it helped to sta-
bilize the Agilis against the central orifice (Video S1). For the 
central orifice or minor orifice, 0.014ʹʹ coronary wire and rapid 
exchange noncompliant balloons were used, whereas for the 
lateral orifices or major orifices, 0.035ʹʹ hydrophilic glide wire 
and over-the-wire noncompliant balloons were used at nominal 
pressures (Figures 5 and 6). Initially, the central orifice or the 
minor orifice balloon dilatation was performed (Videos S2 and 
S3), and if the opening angles improved to 75% of their maxi-
mal value along with the reduction of mean valve gradients to 
<5 mm Hg, the result was considered successful. If either the 
mean gradient or opening angles were unsatisfactory, then 1 
or both lateral orifices of bileaflet valves or the major orifice of 
tilting disc valves were dilated (Videos S4–S6). During balloon 
dilatation of the central orifice of the bileaflet valve, systolic 
equalization of the left atrial and aortic pressures was noted 
(Figure S3). The outcome was considered technically success-
ful if the opening angle was >75% of its normal range (Table 
S1) and the mean gradient was <5 mm Hg or 50% reduction 
from the preprocedure value was obtained, without proce-
dural complications, namely, leaflet fracture or dislodgement, 
coronary embolism, stroke, clinical systemic embolism, cardiac 
tamponade, or death. The pre-PETROS and post-PETROS flu-
oroscopy videos of Carbomedics (Videos S7 and S8), ATS-AP 
(Videos S9 and S10), ST. Jude (Videos S11 and S12), and 
Medtronic Hall (Videos S13 and S14) valves are shown.

Figure 2. Identification of coplanar view in fluoroscopy.
The vertical orientation of the leaflets in end diastole in en face view indicates the anatomic orientation, and the horizontal orientation indicates 
the antianatomic orientation. A indicates anterior; CAU, caudal; CRA, cranial; L, lateral; LAO, left anterior oblique; M, medial; P, posterior; and 
RAO, right anterior oblique.
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In 2 patients, both aortic and mitral valves were stuck. After 
obtaining transseptal puncture and CEP, the aortic valve was 
first dilated followed by the mitral valve. Three arterial accesses 
were taken in those double-stuck valve patients. Two piggyback 

6F accesses from the left common femoral artery for CEP, a 7F 
access from the right common femoral artery for aortic valve 
intervention, and a 9F access from the right common femoral 
vein for transseptal access were secured.

Figure 3. En face and coplanar views of mechanical valves.
1: 28-mm ATS-AP. 2: 25-mm TTK Chitra. 3: 27-mm ON-X. 4: 25-mm Omnicarbon. 5: 31-mm ATS Standard. 6: 27-mm Carbomedics. 7: 27-mm 
ATS Standard. 8: 26-mm ATS-AP. 9: 28-mm ATS-AP. 10: 25-mm St. Jude. 11: 27-mm St. Jude. 12: 27-mm TTK Chitra. 13: 28-mm ATS-AP. 
14: 27-mm Carbomedics. 15: 29-mm St. Jude. 16: 28-mm ATS-AP. 17: 25-mm Medtronic Hall. 18: 27-mm Meril Miltonia. 19: 29-mm ATS 
Standard. 20: 29-mm Carbomedics. 21: 25-mm Meril Miltonia. 22: 27-mm Meril Miltonia. 23: 25-mm Carbomedics. 24: 27-mm Meril MIltonia. 
Yellow stars show the anatomically oriented valves. Yellow diamond shows oblique orientation. Other valves are oriented antianatomically.
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Post-PETROS Care
After the successful PETROS, carotid filters were removed 
and checked for debris. A digital subtraction angiogram of the 
brain was performed to rule out cerebral embolism. An echo-
cardiogram was performed to look for new onset pericardial 
effusion and regional wall motion abnormalities. Doppler study 
of both upper and lower limbs was done to rule out periph-
eral embolism. All the sheaths were removed, and manual 
compression was applied once activated clotting time became 
<150 seconds. At the end of the PETROS, a 12-lead ECG 
was performed to rule out coronary embolism. Low molecular 
weight heparin was started 2 hours after removal of the sheath. 
Arterial blood lactate levels and cardiac troponin-I were moni-
tored for the first 24 hours at 6-hour intervals to diagnose early 
bowel or myocardial ischemia, respectively. Twenty four hours 
after PETROS, patients were shifted to individual rooms and 
discharged once the INR reached >3. The target INR range 
was kept between 3 and 4.

Statistical Analysis
The continuous data were presented as mean±SD or median 
with IQR based on the distribution. The normality was checked 
using the Shapiro-Wilk test. Categorical data are presented as 
frequency and percentages. Postprocedure reduction in left 
atrial pressure, mean valve gradients, the improvement in open-
ing and closing angles, mid-term mitral valve mean gradient, 
and left- and right-ventricle functions were tested using the 

Paired t test. At-discharge categorical clinical outcomes are 
presented as frequency and percentages. Mid-term clinical out-
comes, namely, all-cause death, stroke, and recurrence of stuck 
valves, were analyzed using the Kaplan-Meier survival analysis.

RESULTS
From July 2020 to December 2023, 24 patients under-
went PETORS. The baseline and procedural charac-
teristics of PETROS are shown in Tables 1 and 2. The 
median INR at the time of presentation was subthera-
peutic, 2.07 (1.52–3.11). The time in the therapeutic 
range by the Rosendaal method was 154.55±107.68 
(41.95±30.08% of the time) days. Of the patients, 
33.33% (n=8) had mechanical valves at both mitral and 
aortic positions. Double-stuck valve was seen in 8.33% 
(n=2) of study participants.

History of stuck valves was present in 37.50% (n=9) 
of the patients. Fibrinolysis was the most common 
mode of treatment in 66.67% (n=6) of these patients. 
The mean duration from the prior stuck valve event was 
365.67±75.03 days. Five patients were treated by strep-
tokinase infusion at the rate of 100 000 units/hour for 
24 hours. One patient was treated with a single 40-mg 
bolus dose of tenecteplase. One patient was treated by 
increasing the warfarin dose and maintaining the INR 
between 3.5 and 4.0. Two patients were treated by a 
repeat PETROS procedure. Among them, one had recur-
rence after 431 days, and the other had recurrence after 
346 days of PETROS (Table 1).

A majority of bileaflet valves (83.30%; n=20) and a 
few tilting disc valves (16.70%; n=4) are part of our study. 
The ATS-AP valve was the most common (33.30%; n=8) 
followed by Carbomedics (16.70%; n=4) and Meril Mil-
tonia (16.70%; n=4). The median time of valves to get 
stuck from the date of implantation was 39.50 (15.00–
78.50) months. The mean transvalvular gradient at the 
time of presentation was 17.04±7.19 mm Hg. The en 
face view was obtained in the left anterior oblique caudal 
in all patients, whereas the coplanar view was obtained 
in the right anterior oblique perpendicular angle from 
the en face angle in 45.83% (n=11; antianatomic ori-
entation) and in cranial perpendicular angle in 29.17% 
(n=7; anatomic orientation). An additional left anterior 
oblique/right anterior oblique angle correction after the 
cranial perpendicular tilt was required in 12.50% (n=3; 
oblique orientation). The coplanar view was not possible 
in 8.33% (n=2) due to radiolucent leaflets.

The filters showed debris in the right internal carotid 
artery (2.50%; n=3), left internal carotid artery (4.20%; 
n=1), and both filters (4.20%; n=1). No debris was found 
in 79.20% (n=19) of PETROS. The median diameter and 
length of the central orifice or minor orifice balloon were 
5 (5–5) and 15 (15–20) mm, respectively. The median 
diameter and length of the lateral or major orifice bal-
loon were 7 (5–9) and 20 (15–20) mm, respectively. The 

Figure 4. Transseptal puncture.
The Agilis transseptal sheath is placed coaxial to the central orifice, 
and a 0.014ʹʹ coronary wire is seen crossing the valve through the 
central orifice. The yellow circle shows the posteroinferior septal 
puncture site at an imaginary dashed white line drawn from the lower 
edge of the valve ring. The vertical dashed imaginary line is drawn 
midway between the valve and the spine in the coplanar view. The 
green and red cartoon sheaths mimic the Agilis coaxial position for 
the superior and inferior lateral orifices when pushed in or pulled 
back, respectively. A indicates anterior; I, inferior; P, posterior; RAO, 
right anterior oblique; and S, superior.
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histopathology of debris (Figure 7) showed an organized 
thrombus (40%; n=2) and a fresh thrombus (60%; n=3).

Technical success was achieved in 91.67% (n=22) 
of patients (Table 2). The mean reduction in left atrium 
pressure and the reduction in mean valve gradients 
after PETROS were 9.61±6.11 (95% CI, 6.97–12.25; 
P<0.001) and 10.96±6.45 (95% CI, 8.23–13.68; 
P<0.001) mm Hg, respectively. The postprocedure mitral 
valve mean gradient was 5.00 (3.00–7.50) mm Hg. 
After PETROS, a 26.30°±14.09° (95% CI, 20.61°–
31.99°; P<0.001) increase in the opening angle and a 
−2.47°±4.18° (95% CI, −4.16° to −0.78°; P=0.006) 
decrease in the closing angle were noted.

There were 2 technical failures (8.33%). In the first fail-
ure, the stuck single posteromedial leaflet of the 26-mm 
ATS-AP valve in a 37-year-old female could not be released 
with the 5×20-mm balloon dilatation even at 18 atm in 
the central orifice. The valve was implanted 60 months 
back. CT was not done in this patient due to high heart 
rate. The patient underwent elective redo surgery after a 
month with a new 28-mm ATS-AP valve and completed 
28 months of follow-up without any events. In the second 
failure, a 53-year-old male presented with a double-stuck 
valve of 23-mm Carbomedics aortic valve and 27-mm 

Carbomedics mitral valve that was implanted 13 months 
back. PETROS of the stuck single leaflet of the aortic Car-
bomedics valve was done with a 5×15-mm noncompliant 
balloon at 14 am, and the leaflet started functioning nor-
mally. As a continuation of the same procedure, PETROS 
for the stuck mitral Carbomedics valve was planned. Just 
before the transseptal puncture, left ICA guide catheter 
pressure damping was noted, and it was found that there 
was a thrombus at the distal edge of the guide catheter. 
The activated clotting time was 273 seconds. During 
the attempt to remove the guide catheter, the thrombus 
accidentally embolized and clogged the filter, and there 
was no flow beyond the filter. While removing the filter, 
the thrombus spilled out, and both the left middle cerebral 
artery and anterior cerebral artery were occluded. Immedi-
ate aspiration was done but was only partially successful 
with slow filling of the distal vessels. Intra-arterial reteplase 
bolus of 5 units was given, and the patient was shifted to 
cardiac intensive care after endotracheal intubation and 
mechanical ventilation. Mitral PETROS was deferred. The 
patient developed dense hemiplegia with aphasia. Serial 
CT brain showed massive left middle cerebral artery and 
anterior cerebral artery territory infarct with midline shift. 
The patient died on the seventh day after the procedure.

Figure 5. Balloon dilatation of stuck bileaflet valves.
The first row shows a 29-mm Carbomedics valve with a stuck posterior leaflet. Central orifice balloon dilatation released the stuck posterior 
leaflet. Posterior lateral orifice balloon dilatation further improves the opening angle. After the balloon, the opening angles improved to 90% of 
their maximal range. The second row shows a 28-mm ATS-AP valve with a stuck anterior leaflet. Central orifice balloon dilatation leads to the 
release of the stuck anterior leaflet. Anterior lateral orifice balloon dilatation further improves the opening angle. After the balloon, the opening 
angles improved to 75% of its maximal range. The third row shows a 27-mm St. Jude valve with a stuck posterior leaflet. Central orifice balloon 
dilatation leads to the release of the stuck posterior leaflet. After the balloon, the opening angles improved to 100% of their maximal range. 
PETROS indicates Percutaneous Transcatheter Release of Stuck Mechanical Valve.
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Three all-cause deaths were noted in this study. One 
was due to a fatal stroke that was elaborated previously. 
The second death was noted in a 39-year-old male with 
a double-stuck valve (11 years back implanted, a 19-mm 
TTK Chitra aortic valve, and a 27-mm TTK Chitra mitral 
valve) due to severe chronic obstructive pulmonary dis-
ease with type-II respiratory failure, despite a technical 
success. The third patient was a 57-year-old lady, who 
underwent double valve replacement with 21-mm aor-
tic Meril Miltonia and 27-mm mitral Meril Miltonia valves. 
Three months following surgery, she underwent success-
ful PETROS for the stuck mitral valve and completed a 
1-month follow-up. A telephonic follow-up was done 
as she missed the second-month follow-up, and it was 
noted that the patient had a sudden death on the 64th 
day of post-PETROS.

There was no documented coronary or systemic 
embolism, cardiac tamponade, leaflet fracture, dis-
lodgement, or Valve Academic Research Consortium-2 
bleeding. In this study, 4 recurrences (3 bileaflet valves 
and 1 tilting disc valve) were noted at a mean interval 
of 595.25±251.03 days after PETROS due to sub-
therapeutic INR. Two patients underwent ultraslow 
infusion fibrinolysis, and 2 patients underwent a repeat 

PETROS with CEP (Table 2). All 4 patients completed 
the mean follow-up of 347.75±347.07 days without any 
events.

Kaplan-Meier survival analysis (Figure 8) showed that 
the mean survival time free for death was 1101.48 (95% 
CI, 929.49–1273.47) days, for stroke was 1211.38 
(95% CI, 1110.40–1312.35) days, and for recurrence of 
the stuck valve was 907.71 (95% CI, 760.20–1055.21) 
days. The mitral valve mean gradient was 4.70±1.56 
mm Hg at a median follow-up of 344.50 (65.00–953.75) 
days and remained unchanged from the post-PETROS 
values. Similarly, both left- and right-ventricle functions 
remained unchanged on follow-up (Table 3).

DISCUSSION
We described an alternative management strategy for 
a stuck mitral mechanical valve in situations where 
surgery or fibrinolysis was not possible. To our knowl-
edge, this is the first reported series of PETROS with 
CEP with mid-term outcomes. The PETROS procedure 
was done in 7 (29.17%) asymptomatic cardiac status 
patients (Figure 1). In 3 patients with bileaflet valves, a 
single stuck leaflet was suspected on the transthoracic 

Figure 6. Balloon dilatation of a stuck tilting disc valve.
A, En face view of a Medtronic Hall valve with 2 major orifices and 2 minor orifices. The inset shows the real valve in en face view. B, A 0.035ʹʹ 
hydrophilic wire across a minor orifice. C, A 5×20-mm balloon dilatation across the minor orifice. D, A 10×20-mm Mustang balloon dilatation 
across a major orifice. E, Before the procedure, the opening angle was 40°. F, After the procedure, the opening angle improved to 58° (82% of 
its maximum range of 70°). The inset shows the real valve in the coplanar view.
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echocardiogram, and the same was confirmed by fluo-
roscopy. The mitral valve gradients were within normal 
limits as the blood flow through the central orifice and 
one of the lateral orifices was unobstructed. Hence, 
these patients were asymptomatic. One patient pre-
sented with a large middle cerebral artery embolic 
stroke to the emergency room without dyspnea and the 

Baseline characteristics Mitral (N=24) 

Valve name  

 � Bileaflet  

  �  ATS-AP 33.30% (8)

  �  Carbomedics 16.70% (4)

  �  St. Jude bileaflet 12.50% (3)

  �  ON-X 4.20% (1)

  �  Miltonia 16.70% (4)

 � Tilting disc  

  �  TTK Chitra 8.30% (2)

  �  Omnicarbon 4.20% (1)

  �  Medtronic Hall 4.20% (1)

Valve type

 � Bileaflet 83.30% (20)

 � Tilting disc 16.70% (4)

Radio opacity  

 � Radiopaque annular ring and radiolucent disc 8.30% (2)

 � Both the annular ring and disc are radiopaque 91.70% (22)

Valve size, mm 27 (25, 28)

Valve age, mo 39.50 (15.00–78.50)

Preprocedure echocardiogram

 � Mean gradient, mm Hg 17.04±7.19

 � Peak gradient (mm Hg) 27.71±10.53

 � Peak systolic pulmonary artery pressure, mm Hg 56.21±18.43

 � Mean pulmonary artery pressure, mm Hg 37.00±12.14

 � Thrombus 33.30% (8)

  �  Mobile thrombus 4.20% (1)

  �  Thrombus area, cm2 0.88 (0.72–0.92)

 � Pannus 20.8% (5)

 � LVEF, % 51.00 (45.50–55.00)

 � Right-ventricle TAPSE, mm 13.36±2.34

 � Right-ventricle tissue Doppler velocity, cm/s 8.50±1.23

�Fibrinolytic agents in failed fibrinolysis of index 
stuck valve (n=9)

 � Streptokinase (1 lakh unit/h for 24 h) 33.33% (3)

 � Tenecteplase (1 mg/h for 24 h or weight-based 
bolus dose)

55.56% (5)

 � Reteplase (0.5 mg/h for 24 h) 11.11% (1)

Values are mean±SD, median (Q1–Q3), or % (n). CABG indicates coronary 
artery bypass surgery; EuroSCORE, European System for Cardiac Operative 
Risk Evaluation; LVEF, left ventricular ejection fraction; NYHA, New York Heart 
Association; PCI, percutaneous coronary intervention; PETROS, Percutaneous 
Transcatheter Release of Stuck Mechanical Valve; TAPSE, tricuspid annular plane 
systolic excursion; and TIA, transient ischemic attack.

Table 1.  ContinuedTable 1.  Baseline Characteristics

Baseline characteristics Mitral (N=24) 

Age, y 49.38±9.59

Sex, male 50.00% (12)

Weight, kg 62.54±9.45

Height, cm 158.63±8.91

Body mass index, kg/m2 24.94±3.79

Body surface area, m2 1.65±0.15

EuroSCORE II 5.75 (4.65–8.06)

Diabetes 20.80% (5)

Systemic hypertension 8.30% (2)

Current smoking 0% (0)

Atrial fibrillation 29.20% (7)

NYHA  

 � Asymptomatic 29.20% (7)

 � Class I 4.20% (1)

 � Class II 20.80% (5)

 � Class III 37.50% (9)

 � Class IV 8.30% (2)

Coronary artery disease 8.30% (2)

Prior PCI 0% (0)

Prior CABG 8.30% (2)

History of stroke/TIA 16.70% (4)

History of chronic obstructive pulmonary disease 4.20% (1)

History of chronic kidney disease 4.20% (1)

History of stuck valve 37.50% (9)

Recurrence duration from prior stuck valve, d 365.67±75.03

 � Postfibrinolysis (n=6) 413.80±131.21

 � Post-PETROS (n=2) 431 and 346

 � Postincreasing anticoagulation dose (n=1) 179

Anticoagulation stopped within 2 mo 0% (0)

Aspirin use 50.00% (12)

Dyspnea 66.70% (16)

Stroke 4.20% (1)

Peripheral embolism/limb ischemia 0% (0)

Angina/acute coronary syndrome 8.30% (2)

Loss of valve sound 12.50% (3)

Rhythm  

 � Sinus rhythm 79.20% (19)

 � Atrial fibrillation 16.70% (4)

 � Atrial flutter 4.20% (1)

Hemoglobin, g/dL 12.45 (10.88–13.73)

Platelet, per mm3 2.63±0.56

Urea, mg/dL 29.00 (23.75–40.50)

Creatinine, mg/dL 0.83 (0.62–1.21)

International normalized ratio 2.07 (1.52–3.11)

 � Time in therapeutic range, d/y—past year (n=22) 154.55±107.68

 � Time in therapeutic range, %—past year (n=22) 41.95±30.08%

Mechanical valve position

 � Mitral 70.80% (17)

 � Mitral and aortic 29.20% (7)

(Continued )
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Table 2.  Procedural Characteristics

Procedural characteristics Mitral (N=24) 

Coplanar view (fluoroscopy)  

 � Not available (disc radiolucent) 8.30% (2)

 � RAO caudal 25.00% (6)

 � RAO cranial 45.80% (11)

 � LAO cranial 20.80% (5)

En face view (fluoroscopy)

 � LAO CAUDAL 100% (24)

Valve implanted position (fluoroscopy)  

 � Antianatomic 50.00% (12)

 � Anatomic 33.33% (8)

 � Oblique 16.67% (4)

Stuck leaflet angles in fluoroscopy (n=31)

 � Opening angle 40.18°±9.36°

 � Closing angle 28.05°±4.13°

Valve details  

 � Name of stuck leaflets  

  �  Antero lateral—bileaflet 20.80% (5)

  �  Postero medial—bileaflet 37.50% (9)

  �  Both leaflets—bileaflet 25.00% (6)

  �  Tilting disc 16.70% (4)

 � No. of stuck leaflets 1 (1–1.75)

 � Inner diameter, mm 24.86±1.66

 � Bileaflet valve

  �  Anterolateral orifice diameter, mm (n=20) 10.03±0.89

  �  Posteroinferior orifice diameter, mm (n=20) 10.03±0.89

  �  Central orifice diameter, mm (n=20) 4.5 (4.20–4.58)

 � Tilting disc valve  

  �  Major orifice diameter, mm (n=4) 15.89 (11.15–16.32)

  �  Minor orifice diameter, mm (n=4) 7.1±0.44

Cerebral protection (SpiderFX) 100% (24)

 � Filter size  

  �  RICA, mm 6 (6–6)

  �  LICA, mm 6 (6–6)

 � Debris in filter

  �  RICA 12.50% (3)

  �  LICA 4.20% (1)

  �  RICA+LICA 4.20% (1)

  �  No debris 79.20% (19)

Pathology (n=5)  

 � Fresh thrombus 40.00% (2)

 � Organized thrombus 60.00% (3)

Transseptal puncture

 � Septal puncture needle (n=23)

  �  BRK 78.26% (18)

  �  BRK-1 21.74% (5)

   �   Electrocautery at 50-W pure cut 34.78% (8)

 � Transseptal sheath (n=23)  

  �  8.5F Agilis 100% (23)

(Continued )

Procedural characteristics Mitral (N=24) 

Balloon dilatation

 � Guiding catheter name (n=23)

 � Judkins right 100% (23)

 � Guide catheter size (n=23)  

  �  6F 47.83% (11)

  �  7F 52.17% (12)

 � Crossing wire size (n=23)

  �  0.014ʹʹ 69.50% (16)

  �  0.035ʹʹ 13.04% (3)

  �  0.014ʹʹ and 0.035 17.39% (4)

 � Crossing wire name (n=23)  

  �  BMW Universal 65.20% (15)

  �  Run through 4.30% (1)

  �  Sion blue 4.30% (1)

  �  0.035ʹʹ hydrophilic guide wire 13.00% (3)

  �  BMW and 0.035ʹʹ wire 8.70% (2)

  �  BMW, run through, and 0.035ʹʹ wire 4.30% (1)

 � Crossing first balloon size (n=23)

  �  Diameter, mm 5.00 (5.00–5.00)

  �  Length, mm 15.00 (15.00–20.00)

 � Crossing first balloon type (n=23)  

  �  Rapid exchange 87.00% (20)

  �  Over the wire 13.00% (3)

 � Maximum balloon size (n=23)

  �  Diameter, mm 7.00 (5.00–9.00)

  �  Length, mm 20.00 (15.00–20.00)

 � Maximum balloon type (n=23)  

  �  Rapid exchange balloon 43.50% (10)

  �  Over the wire balloon 56.50% (13)

Hemodynamics

 � Premean left atrial pressure, mm Hg 26.04±8.62

 � Postmean left atrial pressure mm Hg 25.00 (13.00–18.00)

Reduction of mean left atrial pressure, mm Hg 9.61±6.11 (95% CI, 
6.97–12.25; P<0.01)

 � Prepeak systolic pulmonary artery pressure 57.17±17.15

 � Postpeak systolic pulmonary artery pressure 36.00 (33.00–49.00)

 � Delta-peak systolic pulmonary artery pressure 14.00 (6.00–27.00)

 � Premean pulmonary artery pressure 37.48±11.50

 � Postmean pulmonary artery pressure 24.00 (22.00–32.00)

 � Delta-mean pulmonary artery pressure 11.26±7.45

Systolic equalization of left atrial and aortic 
pressure

 

 � Bileaflet valve (n=20) 95.00% (19)

 � Tilting disc (n=4) 0% (0)

Postprocedure echocardiogram

 � Mean gradient, mm Hg 5.00 (3.00–7.50)

 � Peak gradient, mm Hg 9.50 (8.00–14.50)

  �  Peak systolic pulmonary artery pressure, 
mm Hg

43.63±14.11

  �  Mean pulmonary artery pressure, mm Hg 28.42±9.39

Table 2.  Continued

(Continued )
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transthoracic echocardiogram showed a stuck valve. A 
combined stroke intervention and PETROS procedure 
was performed. One patient underwent fibrinolysis for 
stuck leaflets of a bileaflet valve in an outside hospital 

8 months prior and was asymptomatic as 1 of the 2 
leaflets of the bileaflet valve started functioning nor-
mally, and the mitral valve gradient had normalized. The 
patient was unwilling for surgery as he was asymptom-
atic though he was advised to undergo surgery in 2 dif-
ferent hospitals. He came to our center for the PETROS 
procedure.

Two tilting disc valve patients during routine valve clinic 
follow-up were found to have a doubling of the mitral valve 
gradients from the baseline with subtherapeutic INR but 
were asymptomatic. In these 2 patients, pannus as the 
reason for the decreased range of leaflet movement with 
increased gradient was identified. This was based on (1) 
the echogenicity of the material, (2) the circumferential 
distribution along the sewing ring (thrombus is usually 
located at the hinges and is focal rather than circum-
ferential), and (3) the thrombus is less echogenic and 
may be mobile, whereas pannus has more echogenicity 
than the myocardium and is always immobile. A CT is a 
better imaging modality to differentiate thrombus from 
pannus though, in these 2 patients, CT could not be per-
formed as the heart rate was >100 beats per minute and 
the rhythm was not stable. We proceeded with PETROS 
based on echocardiogram findings. These patients opted 
for the PETROS procedure after a heart-team discussion 
given the high risk for surgery and the absence of a role 
of fibrinolysis.

Six patients were unwilling to fibrinolysis. The rea-
son was the high risk for stroke. During ultraslow 

Procedural characteristics Mitral (N=24) 

 � Thrombus 0% (0)

 � Pannus 0% (0)

  �  LVEF, % 51.00 (46.00–53.00)

 � Right-ventricle TAPSE, mm 13.38±3.02

 � Right-ventricle tissue Doppler velocity, cm/s 8.98±1.38

Surgery for failed PETROS (n=1)  

 � Redo mechanical valve 100% (1)

 � Redo bioprosthetic valve 0% (0)

 � Explanted valve name (n=1) ATS-AP valve

 � Replaced valve name (n=1) ATS-AP valve

 � Replaced valve type (n=1)  

  �  Bileaflet valve 100% (1)

 � Explanted valve size (n=1) 26 mm

 � Replaced valve size (n=1) 28 mm

Values are mean±SD, median (Q1–Q3), or % (n). BMW indicates balanced 
middle weight; LAO, left anterior oblique; LICA, left internal carotid artery; LVEF, 
left ventricular ejection fraction; NYHA, New York Heart Association; PCI, percu-
taneous coronary intervention; PETROS, Percutaneous Transcatheter Release of 
Stuck Mechanical Valve; RAO, right anterior oblique; RICA, right internal carotid 
artery; TAPSE, tricuspid annular plane systolic excursion; and TIA, transient isch-
emic attack. 

Table 2.  Continued

Figure 7. Histopathology of captured debris from the filters.
A, Fresh thrombus with neutrophil abundance. B, Chronic organized thrombus with a scarcity of lymphocytes and a lot of hyalinization. C, 
Chronic organized thrombus with a field full of lymphocytes. D, Fresh thrombus with a field full of neutrophils.
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Figure 8. Kaplan-Meier survival analysis.
The mean survival time free of all-cause death, stroke, and recurrent stuck valves is shown. PETROS indicates Percutaneous Transcatheter 
Release of Stuck Mechanical Valve.
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infusion of fibrinolysis over 24 hours, the brain is 
unprotected from embolism. The stroke risk is present 
for the period of fibrinolysis and also during the first 

24 to 48 hours after the fibrinolysis due to delayed 
embolization. In the PETROS procedure, the brain is 
partially protected by filters in both ICA during the pro-
cedure. The mechanical dislodgement of the thrombus 
or pannus from the mitral valve during balloon dilata-
tion is captured by these filters if it enters the carotid 
circulation. The vertebral arteries were not protected in 
our case series. Hence, a risk of posterior circulation 
stroke exists during the PETROS procedure. Because 
patients are awake and have continuous clinical neu-
rological monitoring during the procedure, the identi-
fication of vertebral artery embolism and, if needed, 
rescue embolectomy is possible. During fibrinolysis, an 
embolic stroke can happen to the carotid system and 
the vertebral system. If an embolic stroke happens dur-
ing fibrinolysis, the logistic time delay for embolectomy 
and the high risk of intracerebral bleeding are worri-
some. These were the reasons why these 6 patients 
though they refused fibrinolysis still consented to PET-
ROS due to lower risks, which were informed during 
the consenting procedure.

In this case series, no vertebral artery embolism was 
seen. The selective streaming of the blood into the sub-
clavian artery beyond the vertebral artery origin and the 
acute 90° takeoff of the vertebral artery from the subcla-
vian artery does not favor embolic material entering into 
the vertebral artery.

The rationale for rescue PETROS in patients who 
developed stroke during fibrinolysis is as described. Fibri-
nolysis was stopped when an embolic stroke occurred in 
2 patients and because the only option then available 
was to release the stuck valve by PETROS. In patients 
with postfibrinolysis stroke, CEP was obtained with 
carotid filters bilaterally to avoid further strokes, followed 
by balloon dilatation done through the valves to release 
the stuck leaflet.

None of the patients had clinically detectable upper 
limb or lower limb embolism. The diagnostic tool used to 
identify the embolism was the Doppler study of all 4 limbs 
postprocedure compared with preprocedure. Clinically 
detectable kidney and mesenteric embolisms were not 
seen in any of the patients. The diagnostic screening tools 
used to identify these embolisms were serial renal func-
tion tests and serial arterial blood lactate monitoring for 
the first 48 hours after the procedure. Two patients had an 
asymptomatic rising trend of arterial lactate, which peaked 
at 24 to 36 hours followed by a return to baseline. We did 
a CT aortogram and a contrast CT of the abdomen to look 
for the mesenteric embolism but found it to be normal.

The stroke rates are low (1 stroke), and the debris 
was found in a minority (20%) of patients. The PET-
ROS procedure was done with CEP of both ICA in all 
24 patients. In 9 failed fibrinolysis patients, the throm-
bus burden could have significantly decreased after the 
fibrinolysis though the leaflet was not released from the 
stuck position due to a residual small organized clot at 

Table 3.  Clinical Outcomes

At-discharge outcome Mitral PETROS (N=24) 

Technical success 91.67% (22)

 � Reduction of mean valve gradient 10.96±6.45 (95% CI, 8.23 to 
13.68; P<0.01)

 � Improvement in stuck leaflet angles 
post-PETROS in technical success 
cases (n=22)

 

  �  Opening angle (increase) 26.30°±14.09° (95% CI, 20.61° to 
31.99°; P<0.001)

  �  Closing angle (decrease) −2.47°±4.18° (95% CI, −4.16° to 
−0.78°; P=0.006)

All-cause death 8.33% (2)

Stroke 4.17% (1)

Coronary embolism 0% (0)

Systemic embolism 0% (0)

Cardiac tamponade 0% (0)

Leaflet fracture or dislodgement 0% (0)

VARC-2 bleeding 0% (0)

Mid-term outcome

 � All-cause death 12.50% (3)

 � Stroke 4.17% (1)

 � Coronary embolism 0% (0)

 � Systemic embolism 0% (0)

 � Recurrence of stuck valve 16.67% (4)

 � Reintervention of the stuck valve 16.67% (4)

 � Treatment of recurrent stuck valve (n=4)

  �  Fibrinolysis (ultraslow infusion) 50% (2)

   �   Tenecteplase 1 mg/h for 24 
h (n=1)

25% (1)

   �   Reteplase 1 mg/h for 24 h 
(n=1)

25% (1)

  �  Repeat PETROS 50% (2)

Follow-up echocardiogram Median: 344.50 (65.00 to 953.75) d

 � Mean gradient 4.70±1.56

 � Change in mean gradient since 
post-PETROS

−0.4 (95% CI, −1.49 to 0.69; 
P=0.451)

 � Peak gradient 9.85±2.18

 � Pulmonary artery systolic pressure 38.95±3.80

 � Pulmonary artery mean pressure 25.50±2.59

 � LVEF 51.60±8.07

 � Change in LVEF since post-
PETROS

2.1 (95% CI, −0.73 to 4.93; 
P=0.137)

 � Right-ventricle TAPSE 14.20±2.56

 � Change in TAPSE since post-
PETROS

0.54 (95% CI, −0.75 to 1.82; 
P=0.394)

 � Right-ventricle TDI 8.98±1.70

Values are mean±SD or % (n). LVEF indicates left ventricle ejection frac-
tion; PETROS, Percutaneous Transcatheter Release of Stuck Mechanical Valve; 
TAPSE, tricuspid annulus plane systolic excursion; TDI, tissue Doppler imaging 
velocity; and VARC, Valve Academic Research Consortium.
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the hinges. This is the point where mechanical force is 
exerted by the balloon dilatation, which releases the leaf-
let from the stuck position. The material released during 
the balloon dilatation based on the streaming favorability 
may or may not enter the major aortic arch branches. In 
our series, in only 4 patients, we found the debris in the 
filters. The debris could have embolized to the mesen-
teric artery, kidney, or limb vessels but those were not 
clinically significant. Once epiaortic total embolic protec-
tion filters become available in the future, we can ascer-
tain the true embolization rate of balloon dilatation. To 
reduce the stroke risk further, we could provide complete 
cerebral embolic protection, by using the sentinel device 
through the right radial artery, and a SpiderFX filter for 
the left vertebral artery from the left radial artery.

Chen et al8 described a single case report of a stuck 
bileaflet mechanical valve that was managed with serial 
coronary balloon dilatations from 1 up to 5 mm at 1-mm 
increments and attained the near-normal function of leaf-
lets. A sentinel filter was used as the CEP device. However, 
no objective documentation of the opening and closing 
angles and the method of sizing the balloons were available 
in that report.8 Kalidoss et al6 reported the first case series 
of 5 cases treated by PETROS with CEP with a follow-up 
period ranging from 21 days to 7 months. All 5 procedures 
were successful with good short-term outcomes.6

In this present research, we elaborate on the techni-
cal steps and estimate the mid-term clinical outcomes of 
the PETROS procedure. Identifying the coplanar view in 
fluoroscopy is paramount in diagnosing the stuck valve 
and choosing an ideal balloon size. TEE was not used for 
transseptal access as the procedures were performed 
with a high INR and fear of TEE-induced upper gastroin-
testinal bleeding. Moreover, we preferred to avoid seda-
tion or general anesthesia, which is needed for TEE, as 
real-time monitoring of the central nervous system is 
crucial in identifying stroke and responding immediately. 
A 1:1 balloon size was used in this series without frac-
ture or dislodgement of leaflets. Various titling disc valves 
and their varied numbers of orifices and diameters were 
studied before doing the PETROS procedure (Figure 
S4). We defined a reduction in the mean gradient of <5 
mm Hg or a reduction of >50% from the preprocedure 
value and an improvement in the opening angle of >75° 
of its full range as the end point for technical success. It 
is unclear whether using additional lateral orifice balloon 
dilatations or bigger-sized balloons proportionately yields 
better long-term outcomes. Double-stuck vales predict 
poor prognosis, as both the double-stuck patients in this 
study died before discharge. The recurrence of the stuck 
valve is possible if INR is not maintained in the therapeu-
tic range after PETROS. Ultraslow infusion fibrinolysis or 
repeat PETROS can be done safely in these patients. CT 
evaluation gave valuable information in sizing the balloon, 
choice of orifices for dilatation, predicting success, and 
the risk of procedural embolism.

Limitations
This is a retrospective single-center study in a small 
number of patients, which has its limitations. Neverthe-
less, these are the largest data of this new technique 
with mid-term outcomes available in the literature. Fur-
ther randomized studies comparing PETROS with redo 
surgery and ultraslow infusion of fibrinolysis are war-
ranted to determine its comparable clinical outcomes. 
Some questions remain unanswered. What is the maxi-
mum balloon size safe beyond the 1:1 ratio to avoid 
fracture or dislodgement? If leaflet fracture or dislodge-
ment does happen, what is the bailout other than sur-
gery? A case report of intentional fracture of the leaflets 
and transcatheter valve-in-ring using Edwards Sapien 3 
at the aortic position is available in the literature though 
the bailout has not been standardized yet.9 There is a 
potential risk of posterior circulation stroke, as cerebral 
embolic protection is only partial without the protection 
of vertebral arteries. Even the sentinel filter leaves the 
left vertebral artery unprotected. Unsuitable anatomic 
access of the right radial artery up to the innominate 
and right common carotid artery makes the delivery of 
the sentinel filter difficult. Contrast CT evaluation of the 
arch anatomy is mandatory for the sentinel filter. These 
CEP devices cannot prevent coronary embolism and 
systemic embolism. Epiaortic total embolic protection 
filters are under clinical trial.10 The PETROS will be a 
much safer option with the availability of these epiaortic 
filters.

Conclusions
PETROS with CEP is a safe management option with 
acceptable mid-term outcomes for stuck mechani-
cal mitral valves in clinical situations where surgery or 
fibrinolysis is contraindicated or in failed fibrinolysis 
subsets. Recurrence of the stuck valve can be man-
aged safely by repeat PETROS or ultraslow infusion of 
fibrinolysis.
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