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Important Safety Information

EDWARDS SAPIEN XT TRANSCATHETER HEART VALVE WITH THE NOVAFLEX+ DELIVERY SYSTEM — PULMONIC

Indications: The Edwards SAPIEN XT transcatheter heart valve (THV) systems are indicated for use in pediatric and adult patients with a dysfunctional, non-
compliant right ventricular outflow tract (RVOT) conduit with a clinical indication for intervention and: pulmonary regurgitation = moderate andfor mean RVOT
gradient =35 mmHg.
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active bacterial endocarditis.
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prevent the risk of severe patient harm. Incorrect sizing of the THV may lead to paravalvular leak, migration, embolization and/or RVOT rupture. Accelerated
deterioration of the THV may occur in patients with an altered calcium metabolism. Prior to delivery, the THV must remain hydrated at all times and cannot be
exposed to solutions other than its shipping storage solution and sterile physiologic rinsing solution. THV leaflets mishandled or damaged during any part of the
procedure will require replacement of the THV. Do not use the THV if the tamper evident seal is broken, the storage solution does not completely cover the THY,
the temperature indicator has been activated, the THV is damaged, or the expiration date has elapsed. Do not mishandle the NovaFlex+ delivery system or use it
if the packaging or any components are not sterile, have been opened or are damaged (e.g. kinked or stretched), or the expiration date has elapsed. Use of
excessive contrast media may lead to renal failure. Measure the patient’s creatinine level prior to the procedure. Contrast media usage should be monitored.
Patient injury could occur if the delivery system is not un-flexed prior to removal. Care should be exercised in patients with hypersensitivities to cobalt, nickel,
chromium, molybdenum, titanium, manganese, silicon, and/or polymeric materials. The procedure should be conducted under fluoroscopic guidance. Some
fluoroscopically guided procedures are associated with a risk of radiation injury to the skin. These injuries may be painful, disfiguring, and long-lasting. THV
recipients should be maintained on anticoagulant/antiplatelet therapy as determined by their physician. This device has not been tested for use without
anticoagulation. Do notadd or apply antibiotics to the storage solution, rinse solutions, or to the THV.

Precautions: Safety, effectiveness, and durability of the THV have not been established for implantation within a previously placed surgical or transcatheter
pulmonic valve. Long-term durability has not been established for the THV. Regular medical follow-up is advised to evaluate THV performance. Glutaraldehyde
may cause irritation of the skin, eyes, nose and throat. Avoid prolonged or repeated exposure to, or breathing of, the solution. Use only with adequate ventilation.
If skin contact occurs, immediately flush the affected area with water; in the event of contact with eyes, immediately flush the affected area with water and seek
immediate medical attention. For more information about glutaraldehyde exposure, refer to the Material Safety Data Sheet available from Edwards Lifesciences.
Patient anatomy should be evaluated to prevent the risk of access that would preclude the delivery and deployment of the device. To maintain proper valve leaflet
coaptation, do not overinflate the deployment balloon. Appropriate antibiotic prophylaxis is recommended post-procedure in patients at risk for prosthetic valve
infection and endocarditis. Safety and effectiveness have not been established for patients with the following characteristics/comorbidities: Echocardiographic
evidence of intracardiac mass, thrombus, or vegetation; a known hypersensitivity or contraindication to aspirin, heparin or sensitivity to contrast media, which
cannot be adequately premedicated; pregnancy; and patients under the age of 10 years.

Potential Adverse Events: Potential risks associated with the overall procedure including potential access complications associated with standard cardiac
catheterization, balloon valvuloplasty, the potential risks of conscious sedation andfor general anesthesia, and the use of angiography: death; respiratory
insufficiencyorrespiratoryfailure; hemorrhage requiring transfusion orintervention; cardiovascularinjuryincluding perforation or dissection of vessels, ventricle,
myocardium or valvular structures that may require intervention; pericardial effusion or cardiac tamponade; embolization including air, calcific valve material or
thrombus; infection including septicemia and endocarditis; heart failure; myocardial infarction; renal insufficiency or renal failure; conduction system defect
arrhythmia; arteriovenous fistula; reoperation or reintervention; ischemia or nerve injury; pulmonary edema; pleural effusion, bleeding; anemia; abnormal lab
values (including electrolyte imbalance); hypertension or hypotension; allergic reaction to anesthesia, contrast media, or device materials; hematoma or
ecchymosis; syncope; pain or changes at the access site; exercise intolerance or weakness; inflammation; angina; fever. Additional potential risks associated with
the use of the THV, delivery system, and/or accessories include: cardiac arrest; cardiogenic shock; emergency cardiac surgery; coronary flow obstruction/
transvalvular flow disturbance; device thrombosis requiring intervention; valve thrombosis; device embolization; device malposition requiring intervention; valve
deploymentin unintended location; structural valve deterioration (wear, fracture, calcification, leaflet tear[tearing from the stent posts, leaflet retraction, suture
line disruption of components of a prosthetic valve, thickening, stenosis); paravalvular or transvalvular leak; valve regurgitation; hemolysis; device explants;
nonstructural dysfunction; and mechanical failure of delivery system, and/or accessories.

Edwards Crimper
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Contraindications: No known contraindications.
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Abstract

Background: Intentional stent fracture in vivo induc-
es medial dissection/vessel injury. Spontaneous stent
fracture in humans can lead to stent collapse, hemo-
dynamic compromise, and embolization of stent frag-
ments, which could be prevented by pre-stenting.
Objectives: To evaluate the short-term and mid-term
effects of pre-stenting prior to intentional stent frac-
ture on vessel size and integrity in a piglet model.
Methods: Five months after 14 low-profile stents (Cook
Formula 418 stents) were implanted in the aorta of
four piglets, they were intentionally fractured using
ultra-high-pressure balloons with (pre-stent group) or
without (single stent group) with another stent placed
inside.

Results: Compared with the single stent group, the pre-
stent group showed a significantly larger vessel lumen
area (109 mm2 (89-141) vs.57 mm2 (47-73),P=0.019),
less mid-term luminal diameter loss (44% (26-59) vs.
75% (62-85), P = 0.007), lack of strut protrusion, and
improved endothelialization (100% (89-100) vs. 73%
(56-96), P = 0.022). Vessel wall injury was similar be-
tween groups at the time of stent fracture; however,
the injury score was significantly improved at mid-term
in the pre-stent group compared with the single stent
group (P = 0.046). No damage to the external part of
the blood vessels or the surrounding soft tissue was
noted in either group.

Conclusion: Pre-stenting before intentional stent frac-
ture may provide advantages including larger vessel
diameter, maintained vessel patency, more complete
endothelialization, and lack of stent strut protrusion.
Copyright © 2017 Science International Corp.

Key Words

Stent Fracture - Coarctation « Intentional stent fracture

Introduction

Stentimplantation in younger patients is facilitated
by the availability of low-profile stents that are deliv-
erable through small delivery sheaths, although these
smaller stents cannot be dilated to match an adult
vessel size [1-3]. Several in vitro studies demonstrate
that small- and medium-size stents can be fractured
using ultra-high-pressure balloons [4, 5]. Recently, an
in vivo model of stent fracture (i.e., “unzipping”) con-
firmed the feasibility of intentional fracture of several
different stents in pigs; however, the report did not
mention vessel patency after fracture and admitted
to significant vessel injury secondary to intentional
fracture, with Cook Formula stents associated with
a slightly lower vessel injury score than other stents
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Table 1. Group demographics.

Single stent
Re-stent group  group p-value
n=7/ n=7
Piglet weight (kg) 6.6 8.1 0.0342
Original Stent
Type Formula418 Formula 418
Stent Size (mm)*
4 n=3 n=1
56 n=4 n=4
7,8 n=0 n=2
Fracture diameter
(mm)
12 n=3 n=1
16 n=4 n=4
20 n=0 n=2
Fracture atm 0.1766
(mean) 14.7 £4.9 18.4 +£4.8 **

*All Formula 418 stents were 12mm in length

**Higher atm for the single stent group can be explained by the fact that the
stents were thinner and harder to visualize in the older pig, so more atmo-
spheres were used to insure that they were broken.

and the EV3 stent having the lowest score [6].

Five intentional longitudinal stent fractures were
reported in humans using high-pressure balloons
without immediate adverse events [7]. In situ spon-
taneous stent fracture in humans is not uncommon
and has been reported in up to 21% patients, with
resultant obstruction in 80% (of which 39% were con-
sidered severe). Some fractures can cause stent col-
lapse, hemodynamic compromise, and embolization
of stent fragments, requiring additional intervention
in 75% of cases [8, 9]. In a large report of the spon-
taneous fracture of 3,650 stents, there was a 42%
incidence of in-stent restenosis and 4.6% incidence
of thrombosis [10]. Furthermore, in a study demon-
strating the feasibility of intentional stent fracture in
humans, there was a significant incidence of compli-
cations (15%), including embolization of stent frag-
ments, unstable stent fracture, vascular tear, non-ob-
structive intimal tear, and aorto-pulmonary window.
All complications except embolization were prevent-
ed by pre-stenting [11].

The purpose of the present study was to evaluate
the impact of pre-stenting prior to intentional stent
fracture in a piglet model.

Methods

Study Design

Experiments were performed using four 6-9-week-
old piglets (7-11 kg), in which the aorta at various lev-
els measured 5.7-10 mm. A total of 14 Cook Formula
418 stents (al1 2 mm length) were placed in the four
piglets (three stents in two piglets and four stents in
two piglets) at a diameter 1-3 mm larger than the
vessel size to prevent stent migration. The pigs were
allowed to grow for 5 months, during which time the
aorta above and below the stent grew to 10.9-22
mm, with the area where the stent was placed being
locked at its original size.

In two pigs (one with four stents and the other
with three stents), the previously stented area was
fractured using ultra-high-pressure Atlas balloons
(Bard Peripheral Vascular, Temple, AZ, USA) with-
out pre-stenting (single stent group). The Atlas bal-
loons were over-sized for the region of the stent but
matched the size of the adjacent vessel diameter.

In the other two pigs (one with four stents and the
other with three stents), the previously stented area
was pre-stented prior to stent fracture using Cordis
Palmaz Genesis 1910 B peripheral stents (Cordis, Hi-
aleah, FL, USA; pre-stent group). The Genesis stents
were mounted on Cordis Powerflex (Cordis, Hialeah,
FL, USA) or NUMED BIB (NuMed Inc., Hopkinton, NY,
USA) balloon catheters. The Genesis stents were se-
lected for the second set of stents because they are
commonly used in the pediatric population and can
be ultimately dilated to reach adult vessel size. Bal-
loon size was selected to match the adjacent vessel
diameter. Balloon catheters were inflated to their re-
spective recommended maximum pressure to place
the Genesis stents inside the smaller Cook Formula
stents. High-pressure Atlas balloons were then used
to dilate the secondarily placed Genesis stents with
simultaneous intentional fracture of the smaller Cook
Formula stents.

Two pigs (short-term group; one each from the
single stent and pre-stent groups, total of seven
stents) were euthanized immediately and the tissue
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Figure 1. Flow chart showing the number of pigs and stents, group assignment, and study progression.

examined. The other two pigs (mid-term group; one
each from the single stent and pre-stent groups, total
of seven stents) were allowed to grow for 2 another
months (Table 1, Figure 1). We chose 2 months be-
cause previous studies show complete endotheliali-
zation of injured vessels in rabbits and pigs at 28 days
[12-14].

Animal Experiments

Animal experiments were approved by the Insti-
tutional Animal Care and Use Committee at Purdue
University. Yorkshire Cross piglets were used to allow
rapid growth over a short period of time. Survival
surgeries (i.e., catheterizations) were carried out at
Purdue University facilities in collaboration with Cook
Research Incorporated and Cook Medical. Pigs un-
derwent a quarantine period and were examined by
a veterinarian prior to catheterization procedures and
weekly throughout the duration of the study.

Pigs were started on aspirin and clopidogrel 3 days
prior to catheterization. Pigs were pre-medicated
with tiletamine and zolazepam, and anesthesia was
induced by a mixture of ketamine and xylazine. Pigs
were intubated, and anesthesia was maintained with
isoflurane (1.25-1.75% in 1.5-2.5 L/min oxygen) via
a standard rebreathing anesthetic circuit for the re-
mainder of the procedures. Intravascular access was
obtained by carotid or femoral cut-down or percu-
taneous puncture using a modified Seldinger tech-
nique. Intramuscular antibiotic (ceftiofur crystalline)

was given prior to stent implantation. After the pro-
cedure, anesthesia was discontinued, and pigs re-
covered on a raised floor pen. Pigs were medicated
as necessary (meloxicam, butorphanol, or flunixin) to
assure uncomplicated recovery and monitored every
15-30 min until they were alert and responsive. After
catheterization, pigs were maintained on aspirin and
clopidogrel throughout the growth phase to prevent
stent thrombosis. Clinically, pigs were healthy and
fully ambulatory throughout the study. Pig weight
ranged from 9-11 kg at initial stent implantation to
98-119 kg at the time of euthanasia.

For euthanasia, pigs were anesthetized as above.
Sodium nitroprusside was administered to reduce
post-mortem vasospasm, and isoflurane level was
increased to 5%. After approximately 5 min, pigs
were euthanized by intravenous administration of
potassium chloride. Death was verified by a lack of
vital signs. After angiography and euthanasia, the ab-
dominal cavity was opened and the aorta exposed.
After gross examination of the aorta, the left ventricle
and venous systems were cannulated. The aorta was
perfusion-flushed with physiological saline until the
effluent began to run clear. The stented area was then
perfusion-fixed with Prefer fixative for approximate-
ly 10 min prior to immersion fixation in 10% neutral
buffered formalin.

After the aorta was removed, pigs were submitted
for full postmortem evaluation. Detailed macroscopic
examination was performed by a board-certified vet-
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Figure 2. Pre-stenting technique. Panel A. Angiogram of the abdominal aorta with a 4-mm Cook Formula 418 stent implanted 5
months prior (stent diameter: 7.3 mm). Panel B. Implantation and anchoring of a Palmaz Genesis 1910 B stent mounted on a 10-
mm Powerflex balloon. Panel C. Intentional fracture of the previously implanted Cook stent with simultaneous dilation of the newly
implanted Palmaz Genesis stent using an ultra-high-pressure 12-mm Atlas balloon. Panel D. Radiograph showing the integrity and
position of the newly implanted Palmaz Genesis stent inside the previously implanted Cook stent. Panel E. Angiogram showing vessel
patency and minimal in-stent restenosis at the edges of the Palmaz Genesis stent 2 months after implantation (stent diameter: 9.9
mm). Black arrows indicate the edges of the Palmaz Genesis stent.

erinary pathologist, who assessed the stented blood
vessel and adjacent areas for evidence of macroscop-
ic tissue damage such as bleeding, contusion, rup-
ture, and scarring. Major body systems including the
brain, thoracic cavity viscera, peritoneal viscera, and
hind limb muscles were examined grossly. Hind limb
muscles were sectioned serially. In addition to stent-
ed regions of the aorta, a standard list of 33 tissues, as
well as any grossly visible or suspected lesions, were
collected for histopathology. Five muscle groups
from each hind limb, lymph nodes regional to the
hind limbs and descending aorta, and multiple sec-
tions of brain, lung, each kidney, liver, heart, spleen,
and spinal cord were microscopically examined for
any embolic lesion or stent fragment displacement.

Intentional Stent Fracture and Pre-Stenting Techniques

Serial dilation of small-diameter pre-mounted
stents with intentional stent fracture and pre-stent-
ing was feasible in a growing piglet model that mim-
ics physiologic changes occurring in the vasculature
of growing children. Small-diameter pre-mounted
stents were successfully implanted in small vessels
(Figure 2A). As expected, the patency of the growing
blood vessel at the level of the stent was reduced by
the previously implanted stents (Figure 2A); howev-
er, the vessel above and below the stent grew to al-
most double the original size of the vessel that held

the original stent. Low-pressure balloons did not
fully dilate and fracture the stents (Figure 2B), but
ultra-high-pressure balloons achieved intentional
stent fracture and re-dilation of previously implant-
ed stents (Figure 2C). Stent dilation was performed in
increments, and fracture occurred at the previously
noted fracture diameter determined by bench test-
ing [4]. In the single stent group, the stents were thin-
ner and more difficult to visualize in the older pigs, so
more atmospheres were used to ensure their break-
age.

Radiographic, Angiographic, Gross Inspection, X-ray,
Computed Tomographic, and Histopathologic Evalua-
tion

Radiographic images and angiograms were ob-
tained during all catheterization procedures. After
euthanasia, necropsy was performed for gross in-
spection, histologic, and radiographic evaluation. The
stented vessels were flushed with physiological saline
for approximately 10 min followed by perfusion of
Prefer fixative for 15 min prior to excision. Vessel di-
ameter was measured using angiograms, and vessel
luminal area was assessed using histologic samples.

Radiography. High-resolution radiography and
micro computed tomography (CT) were performed
on all stents after explant. High-resolution radiog-
raphy was performed using a Kubtec Xpert 80-L w/
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Figure 3. Reduced vessel patency and stent integrity after intentional fracture without pre-stenting. Panel A. Angiogram showing a
small decrease in the diameter of the stented vessel segment compared with the adjacent area 2 months after intentional fracture
and re-dilation of a 6-mm Cook Formula 418 stent with an ultra-high-pressure 16-mm Atlas balloon. Black arrows indicate the edges
of the Cook stent. Panel B. High-resolution radiograph of the same segment showing fractured circumferential struts. Panel C. Down-
the-barrel view of a three-dimensional rendition CT image of the same stent showing severely compromised luminal diameter in the
antero-posterior dimension with struts protruding into the vessel lumen.

DIGI-VIEW 400, and micro CT was performed using a
Scanco VivaCT40 System.

Histopathology. Perfusion-fixed, excised arteries
were furtherimmersion-fixed in 10% neutral buffered
formalin. After dehydration though a serial gradient
of alcohols and clearing in xylene, tissues were infil-
trated with methyl methacrylate and polymerized in
a water bath. Plastic embedded arteries, with stents
in place, were cut on a diamond-encrusted saw blade
into 30-50 um sections. Proximal distal sections of
stented artery (taken at 25% and 75% of the stent
length) were stained with hematoxylin and eosin us-
ing routine techniques. Proximal and distal reference
sections were trimmed from the fixed arteries, pro-
cessed using routine paraffin histology techniques,
and stained with hematoxylin and eosin. Morpho-
metric measurements of each cross-section included
vessel lumen area. Histopathological evaluation of
stented vessels was performed by a board-certified
veterinary pathologist. Cross-sections within each
stent were evaluated for injury using an established
semi-quantitative scoring system based on indus-
try-standard consensus recommendations [15]. At

each strut within a cross-section, vessel wall injury
was scored as follows: 0 for no change in internal elas-
tic lamina, 1 for rupture of internal elastic lamina, 2
for injury to tunica media, or 3 for injury to external
elasticlamina and extending into or through the tuni-
ca adventitia. Each vessel had two cross-sections. The
score for each cross-section was the sum of all injury
scores for that cross-section divided by the number
of total struts in the cross-section. The injury score for
each group is the injury score for all cross-sections for
the group divided by the total number of cross-sec-
tions for the group. Endothelialization was deter-
mined by the histological presence of endothelium
over each strut within a cross-section. The degree of
endothelialization is the percentage of endotheliali-
zed struts in the vessel.

Statistical Analysis

Descriptive statistical analysis was used to compare
variables between pre-stent and single stent groups;
data are expressed as median and interquartile range.
Mann-Whitney tests were used to compare vessel lu-
men area, balloon size, degree of endothelialization,
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Figure 4. High-resolution radiographic and three-dimensional rendition CT images comparing pre-stenting at the time of stent
fracture and single stent fracture. Intact stent integrity in the pre-stented segment maintained vessel patency, whereas loss of stent
integrity after single stent fracture caused in-folding and compromised vessel lumen patency. Panels A, B, C, D, and E. Palmaz Genesis
1910 B stent implanted inside a Cook Formula 418 stent with simultaneous intentional fracture of the Cook stent. Images were taken
2 months after intentional fracture of the Cook stent. Images show intact internal stent integrity of the pre-stented vessel segment 2
months after implantation of the Palmaz Genesis stent with simultaneous intentional fracture of the 5-month previously implanted
Cook stent. Panels F, G, H, |, and J. Cook Formula 418 stent 2 months after stent fracture (i.e., unzipping) without pre-stenting. Images
show compromised stent integrity and vessel patency of the stented segment 2 months after intentional stent fracture and re-dila-

tion of the 5-month previously implanted Cook stent.

Table 2. Comparison of outcome measures between the re-stent
and single stent groups.

Single stent

Re-stent group group p-value
Lumen area 108.9 (88.7- 56.8 (47.3- 0.0190
(mm?)* of stented  140.7) 72.8)
blood vessels (n=4) (n=4)
Vessel diameter 44 (26-59) 75 (61-85) 0.0065
loss (%)* (n=4) (n=4)
2 months after
dilation
Endothelialization 100 (89-100) 73 (56-96) 0.0221
(%) of stent struts ~ (n=8) (n=8)
Vessel wallinjury 0.3 (0.26-0.45) 0.5 (0.35-0.63) 0.0673
score per struts (n=8) (n=8)

Values expressed as median and interquartile range.
* Only the stents dilated with 16 mm balloon for diameter conformity

and vessel wall injury scores between groups; data
are expressed as median and interquartile range.
Mann-Whitney and Wilcoxon rank tests were used to
compare the loss of luminal diameter from implanta-
tion to mid-term between groups; data are expressed
as median change (%) and interquartile range. Vessel
wall injury scores were compared between groups
using unpaired t-tests and Mann-Whitney post-hoc
tests for nonparametric data. Analyses were per-
formed using Excel (Microsoft, Redmond, WA), Graph-
Pad Prism (GraphPad, La Jolla, CA), and Instat 3 (Graph
Pad, San Diego, CA) software. P-values < 0.05 were
considered statistically significant.

Results

Vessel Patency and Luminal Diameter after Intentional
Stent Fracture

After intentional stent fracture, we found signif-
icant vessel diameter loss in the single stent group
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Figure 5. Comparison of vessel lumen diameter change, endothelialization, and vessel wall injury after intentional stent fracture
between pre-stent and single stent groups. Panel A. Histomorphometric comparison of stented vessel lumen area 2 months after
intentional stent fracture. The area of the stented vessel segments was significantly larger in the pre-stent group than in the single
stent group. Panel B. The pre-stent group maintained larger angiographic lumen diameter, whereas the single stent group exhibited
significant diameter loss due to stent in-folding and collapse 2 months after balloon angioplasty. Panel C. Pre-stenting allowed almost
complete endothelialization 2 months after stent implantation, whereas endothelial coverage was significantly less in the single
stent group due to luminal stent strut protrusion. Panel D. Comparison of vessel injury between pre-stent and single stent groups at
short-term and mid-term evaluation. Vessel wall injury was similar at the time of stent fracture regardless of pre-stenting or unzipping
without pre-stenting; however, injury score significantly improved 2 months after stent fracture in the pre-stent group but not in the

single stent group. Data are shown as median, interquartile range, and range.

compared with the pre-stent group (Table 2). The de-
gree of vessel diameter loss was subtle on traditional
angiography (Figure 3A), but high-resolution radiog-
raphy and rotational CT showed compromised vessel
patency (Figure 3B and 33C) and revealed the mecha-
nisms of vessel diameter loss in the single stent group
as including stent in-folding, buckling, and collapse.
This stent in-folding, buckling, and collapse was not
present in the pre-stent group (Figure 4).

Consistent with the maintained vessel diameter as
shown by angiography, radiography, and CT, the lu-

minal area of the stented vessel segments measured
by histomorphometry was significantly larger in the
pre-stent group (109 mm?(89-141)) than in the single
stent group (57 mm? (47-73), P = 0.019; Figure 5A).
The angiographic vessel diameter of stented vessel
segments was similar to that of adjacent naive ves-
sel segments in the pre-stent group, whereas the
single stent group demonstrated significantly larger
luminal diameter loss. Two months after angioplasty,
compared with the balloon diameter used for dilation
(we only compared segments after dilation with 16
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mm for consistency of measurements), the pre-stent
group showed only 44% (26-59) angiographic lu-
minal diameter loss, whereas the single stent group
showed 75% (62-85) luminal diameter loss (P = 0.007;
Figure 5B).

Endothelialization and Exposed Stent Struts

There were no stent struts protruding into the lu-
men of vessels in the pre-stent group (Figure 4 and 6),
whereas numerous naked (i.e., non-endothelialized)
stent struts were noted in the lumen of vessels in the
single stent group (Figures 6G, 6H, and 6l). Accord-
ingly, the degree of endothelialization was markedly
higher in the pre-stent group (100% (89-100)) than in
the single stent group (73% (56-96), P = 0.022; Table
2, Figure 5Q).

Vessel Wall Injury

Similar degrees of vessel wall injury were noted
in the pre-stent group and single stent group at the
time of intentional fracture (i.e., short-term) with
scores of 0.51 and 0.59, respectively. However, at
mid-term evaluation, the injury score in the pre-stent
group was significantly improved (decrease from
0.51 to 0.31, P = 0.046), whereas the injury score in
the single stent group was unchanged (0.5, P > 0.05;
Figure 5D), although the difference between groups
did not reach statistical significance (P = 0.067; Table
2, Figure 5D).

Lack of Injury to Adjacent Soft Tissue

Macroscopic examination of stented areas revealed
a lack of external stent strut protrusion or transmural
vessel injury in both the pre-stent and single stent
groups (Figure 6). In both groups, the broken stent
struts remained embedded in the vessel wall or ex-
hibited inward protrusion due to the in-folding col-
lapse of fractured stents (Figure 3,4, and 6). There was
no damage to the external part of the blood vessels
or surrounding soft tissue (Figure 6C).

Microscopic examination of five muscle groups in
the hind limb, lymph nodes regional to the hind limbs
and descending aorta, and multiple sections of brain,
lung, each kidney, liver, heart, spleen, and spinal cord
showed no important lesions and no evidence of
thromboembolism or stent fragment displacement
in any downstream (i.e., hind limb muscles/regional
lymph nodes) or systemic tissues.

Discussion

Our study demonstrates the feasibility of inten-
tional stent fracture of previously implanted stents
with simultaneous pre-stenting in an in vivo piglet
model. Additionally, pre-stenting appears to provide
appropriate vessel patency, prevents vessel diameter
loss, improves endothelialization rate, and prevents
intraluminal protrusion of stent struts. Moreover,
pre-stenting appears to be safe, with no damage to
surrounding soft tissue and no significant vessel wall
injury.

Stented vessel diameter and cross-sectional area
were significantly improved by pre-stenting during
simultaneous intentional stent fracture of previously
placed stents compared with no pre-stenting. Inten-
tional stent fracture causes a loss of stent integrity
with a dramatic decline in radial stiffness and strength
[4]. This decrease in radial stiffness and strength al-
lows the blood vessel to recoil more than with an in-
tact stent. Moreover, an irregular stent fracture pat-
tern may result in an irregular vessel wall shape. Both
recoil and irregular shapes of blood vessels lead to
compromised vessel lumen with decreased vessel di-
ameter and cross-sectional area, consistent with our
findings. As stent implantation is aimed at recovering
areas of stenoses, it is of utmost importance that the
stented vessel maintains appropriate patency. Simple
stent fracture (i.e., unzipping) without the additional
benefit of pre-stenting may not stabilize the vessel
wall and may decrease vessel patency, thereby lead-
ing to restenosis and a significant pressure gradient.

Endothelial coverage allows appropriate blood
vessel function and prevents thrombus formation at
the vessel wall [16]. Fractured and not pre-stented
fragments may protrude into the vessel lumen and
prolong or even prevent complete endothelializa-
tion. Pre-stenting at the time of intentional fracture
may prevent stent strut protrusion and thereby im-
prove the chance of complete endothelialization with
more rapid re-institution of physiologic vascular en-
dothelial function.

Our observed vessel wall injury during pre-stent-
ing was comparable to that after balloon angioplasty
or single stent placement [6]. Incidental fracture of
stents may cause severe vessel wall injury [17], and
even intentional stent fracture in vivo (i.e., unzipping)
may cause vessel wall damage due to an irregular
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Figure 6. Vessel wall injury and endothelialization of blood vessels after pre-stenting compared with single stent implantation.
Panels A, B, and C. Intentional stent fracture with pre-stenting caused only minimal vessel wall injury and did not result in transmural
vessel injury or damage of surrounding soft tissue. Panel A. Localized dissection of the tunica media in a stented vessel immediately
after stent implantation and lack of external protrusion of stent struts. Panel B. High-magnification image showing the extent of dis-
section and intramural hemorrhage immediately after stent placement. Panel C. Macroscopic picture showing no damage to the ex-
ternal surface of blood vessels despite the size discrepancy of stented segments. Panels D, E, and F. Pre-stenting allowed appropriate
endothelialization and minimal vessel wall injury 2 months after stent placement. Panel D. Mid-term (i.e., 2 month) follow-up showed
mild intimal and medial thickening in response to stent placement, no intraluminal protrusion of stent struts, and no dissection or
pathologic vessel dilation. Panels E and F. High-magnification images showing almost complete endothelial coverage over stent
struts 2 months after implantation. Panel G. Single stent implantation with intentional stent fracture (i.e,, unzipping without pre-stent-
ing) led to incomplete endothelialization due to intraluminal stent strut protrusion and decreased vessel lumen cross-sectional area.
Panels H and I. High-magnification images showing stent strut protrusion without endothelial coverage. Grey bars in A, D,and G =3
mm; black bars in B, E, and H= 0.5 mm and in F and | = 0.2 mm. Black arrowheads indicate endothelial coverage over stent struts,
and black arrows point to bare metal struts protruding into the vessel lumen.
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fracture pattern [11]. In our experience, pre-stenting
at the time of intentional stent fracture caused no
further injury to the vessel wall, and injury scores im-
proved at mid-term evaluation.

Macroscopic examination of stented vessels pro-
vided no evidence of damage to the surrounding
tissue or transmural vessel injury. This is important
because in vitro testing of stents with intentional
fracture produces an irregular fracture pattern, with
many stent struts protruding tangentially [13]. These
externally protruding stent fragments can penetrate
through blood vessels and damage adjacent soft tis-
sue, including arteriovenous malformations [11, 18,
19]. However, pre-stenting allows realignment of the
struts of intentionally broken stents, which remain
embedded in the vessel wall, in a more ideal circular
fashion.

Our study has some limitations. The experiments
were performed in a growing piglet model that has
different growth velocity characteristics than hu-
mans. Nevertheless, this model has been employed
in similar studies to mimic the growth of infants and
small children [6]. Although the number of stents and
animals were small, they were adequate to achieve
statistical significance in the areas demonstrated. We
assessed only one type of stent in this in vivo study,
which was selected based on its superior character-
istics in our in vitro bench testing [4]. Pressure gra-
dients across the stents were not measured in all
animals because we found only very small (2-5 mm
Hg) gradients across stented segments in the few we
measured. Moreover, our model was not intended to
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Operative Repair
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Abstract

Background: Total anomalous pulmonary venous con-
nection (TAPVC) comprises 2% of congenital heart dis-
ease cases. Obstructed TAPVC typically presents with
respiratory distress secondary to pulmonary conges-
tion. We report a case of an infant patient who was elec-
tively referred to catheterization for stent placement to
relieve vertical vein (VV) stenosis. Our objective was to
prevent the emergent need for surgical intervention
while allowing additional growth before surgery.

Case Presentation: A 7-day-old, late pre-term, small
for gestational age male infant was transferred from
an outside institution. He was initially placed on nasal
cannula due to oxygen saturation around 80% but pro-
gressed to continuous positive airway pressure and had
a chest X-ray suggestive of pulmonary edema. Echocar-
diography revealed supracardiac TAPVC, a small apical
muscular ventricular septal defect, and a moderate se-
cundum atrial septal defect. On admission, the patient
was clinically stable with a baseline oxygen saturation
of 72% on 40% oxygen. Echocardiography confirmed
supracardiac TAPVC and also showed an obstruction
with a mean gradient of 22 mmHg in the VV. The de-
sire to optimize the patient’s clinical stability led to the
decision to undergo cardiac catheterization for stent
implantation in the VV. Immediately following the pro-
cedure, the patient’s hemodynamics improved, with a
pressure gradient between the pulmonary venous con-
fluence and the left innominate vein of 4 mmHg.
Conclusions: Over the last decade, surgical outcomes

of TAPVC repair have improved with better control of
pulmonary hypertension and preoperative clinical
stabilization due to more aggressive medical manage-
ment. This case presents an opportunity to consider an
elective interventional strategy that palliates the dis-
ease to prevent an urgent need for definitive repair.
Copyright © 2017 Science International Corp.
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Introduction

Total anomalous pulmonary venous connection
(TAPVC) is a rare cardiac defect that comprises 2% of
congenital heart disease cases [1]. TAPVC encompass-
es different anatomic subtypes in which pulmonary
veins fail to connect directly to the left atrium and
drain to the right atrium via an anomalous venous
connection [2, 3]. Supracardiac TAPVC is the most
common type, comprising about 45% of cases [2]. A
left-sided vertical vein (VV) accounts for 70% of the
connections between the pulmonary confluence and
the right atrium, and stenosis occurs in approximate-
ly 40% of cases [3].

Obstructed TAPVC typically presents with respi-
ratory distress secondary to pulmonary congestion,
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CEN0 287 mmipe

Figure 1. Panel A. Cardiac angiography prior to stent placement. The confluence narrowing is 3.6mm with the superior aspect of the
vertical vein measuring 5.5mm. Panel B. Cardiac angiography after the two stents were implanted, with the second stent telescoped

proximally within the initial stent.

cyanosis, and metabolic acidosis [4]. It is traditionally
considered a surgical emergency. Emergent stenting
of the VV is rarely reported but has been performed
when a patient is considered a poor candidate for
surgical repair [4-6]. Pulmonary venous obstruction
is associated with poor prognosis and a high risk of
operative mortality [7, 8].

Here, we report a case of an infant patient who was
electively referred to catheterization for stent place-
ment to relieve VV stenosis. Our objective was to
prevent the emergent need for surgical intervention
while allowing additional growth before surgery.

Case Presentation

A 7-day-old, former 36 6/7 week, 2.4 kg, small for
gestational age male infant was transferred from an
outside institution. At the time of delivery, he was not-
ed to have poor respiratory effort and a heart rate be-
low 100 beats per minute. Chest compressions were
provided for less than 1 min, and his APGAR scores
were 5 and 7 at 1 and 5 min, respectively. The patient
was noted to have oxygen saturation of roughly 80%,
requiring blow by oxygen. He was initially placed on

nasal cannula, but over the next 7 days progressed to
continuous positive airway pressure and had a chest
X-ray suggestive of pulmonary edema. An echocar-
diogram at that time revealed supracardiac TAPVC, a
small apical muscular ventricular septal defect with
right-to-left shunt, and a moderate secundum atrial
septal defect with right-to-left shunt.

On admission, the patient was stable with a base-
line oxygen saturation of 72% on 40% oxygen. An
echocardiogram was performed that confirmed su-
pracardiac TAPVC but demonstrated an obstruction
in the VV with a mean gradient of 22 mmHg. All pul-
monary veins drained to a confluence behind the left
atrium and communicated to the innominate vein via
aVvVv.

The patient’s size and the desire to optimize his
clinical stability led to the decision to undergo car-
diac catheterization for stent implantation in the VV
(Figure 1A). Femoral vein access was achieved, and a
4-F angled Glide catheter (Terumo, Somerset, NJ, USA)
was advanced prograde into the VV. A 17 mmHg pres-
sure gradient between the pulmonary venous con-
fluence and the left innominate vein was recorded.
A V-18 Control wire (Boston Scientific, Marlborough,
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Figure 2. Panel A. Chest radiograph 1 day prior to stent placement. Diffuse pulmonary edema is seen. Panel B. Chest radiograph 1 day
after stent placement in the vertical vein. The stents are visible along the left sternal border. There is improvement in the pulmonary

edema.

MA, USA) was advanced into the right lower pulmo-
nary vein, and the Glide catheter was exchanged for
a Palmaz Blue 6 x 16 mm stent (Cordis, Fremont, CA,
USA) that was deployed in the VV. Due to a persistent
residual gradient, a Palmaz Blue 6 x 12 mm stent
was telescoped proximally within the prior stent to
ensure resolution of the obstruction within the VV
(Figure 1B). Repeat hemodynamics demonstrated a
pressure gradient between the pulmonary venous
confluence and the left innominate vein of 4 mmHg.
Oxygen saturation improved to 95% on 50% oxygen,
which was reduced to room air over 48 hours. Repeat
chest X-ray showed improvement of the pulmonary
edema (Figure 2A and 2B).

Over the following 3 weeks, pulmonary edema
developed again despite medical management with
diuretics. At 26 days of age, the patient had gained
approximately 200 g and underwent TAPVC repair. He
recovered well, was extubated, and weaned to room
air by postoperative day 5. He was discharged on
postoperative day 21 on once daily furosemide.

Discussion

Low birth weight is an independent risk factor in
the operative management of obstructive TAPVC [5,
6, 9]. Patients who undergo emergent VV stent im-
plantation prior to definitive surgery often present
with respiratory distress and cyanosis secondary to
pulmonary congestion [4]. In this case, the patient
showed no evidence of pulmonary venous obstruc-
tive disease, the presentation of which leads to emer-
gent surgery. The patient’s respiratory support was
more suggestive of pulmonary overcirculation due to
the large left-to-right shunt produced by the anom-
alous pulmonary venous return. Our clinical strategy
was to allow the patient to achieve additional somat-
ic growth to mitigate the increased morbidity and
mortality observed in low birth weight neonates with
this disease.

Over the last decade, surgical outcomes of TAPVC
repair have improved with better control of pulmo-
nary hypertension and preoperative clinical stabili-
zation due to more aggressive medical management
[6, 9]. Our case presents an opportunity to consider
an interventional strategy that palliates the disease
to prevent an urgent need for definitive repair. Stent
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implantation in the VV provides a bridge that allows
further somatic growth and improved pulmonary
mechanics from obstruction relief.

Supracardiac TAPVC is a rare congenital cardiac de-
fect in which obstruction of the VV approaches 40%
[3]. Elective stent implant in the VV as a palliative pro-
cedure may allow additional somatic growth to re-
duce mortality and morbidity at the time of surgery.
Therefore, urgent surgery is avoided, with time allow-
ing for planning and resolution of symptoms prior to
definitive repair.
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Valve Replacements for Severe Native Aortic
and Mitral Valve Stenosis Using the Edwards
Certitude Delivery System

Anwar Tandar, MD', Jason P. Glotzbach, MD?, Frederick G.P. Welt, MD', Vikas Sharma, MD?, Kelsee
Browning, AGNP-C', Craig H. Selzman, MD?, Abdulfattah Saidi, MD'", David A. Bull, MD?

'Division of Cardiovascular Medicine, University of Utah School of Medicine, Salt Lake City, Utah, United States

2 Division of Cardiothoracic Surgery, University of Utah School of Medicine, Salt Lake City, Utah, United States

Abstract

Transcatheter aortic valve replacement (TAVR) has be-
come the treatment of choice for high or intermediate
risk patients with symptomatic severe aortic stenosis.
Transcatheter mitral valve replacement (TMVR) for na-
tive mitral stenosis is still under investigation in clini-
cal trials. Results from a global registry, however, show
that TMVR in patients with severe mitral annulus cal-
cification is feasible but associated with significant ad-
verse events. Simultaneous TAVR and TMVR on native
valves has only been reported twice. Here, we report
the first case of simultaneous TAVR and TMVR for na-
tive aortic and mitral stenosis using the Edwards Certi-
tude transapical delivery system.

Copyright © 2017 Science International Corp.

Key Words

Native aortic stenosis « Native mitral stenosis -
Simultaneous « Double valve « Transcatheter valve
replacement - Transapical approach

Introduction

Transcatheter aortic valve replacement (TAVR)

has emerged as the treatment of choice for patients
with severe aortic stenosis who are deemed to be at
high or intermediate risk for surgery [1, 2]. Transcath-
eter mitral valve replacement (TMVR) for inoperable
severe calcific native mitral stenosis is currently un-
der investigation in clinical trials [3]. Results from a
global registry show that TMVR, when performed in
highly selected patients, results in significant adverse
events [4]. Simultaneous TAVR and TMVR of stenotic
native valves has only been reported in two cases
[5, 6]. Here, we report the first case of simultaneous
TAVR and TMVR for severely stenotic native aortic and
mitral valves in a high-risk patient using the Edwards
Certitude transapical delivery system (Edwards Life-
sciences, Irvine, CA, USA) (Figure 1).

Case Presentation

The patient was a 71-year-old man with symptom-
atic severe aortic stenosis (mean gradient, 53 mmHg;
aortic valve area, 0.7 cm? maximum aortic valve
velocity, 4.1 m/s; Figure 2 and Figure 3) and heavily
calcified severe mitral stenosis (mean gradient, 12
mmHg; mitral valve area, 1 cm? Figure 4 and Figure
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Figure 1. Edwards Certitude delivery system.

Figure 2. Three-dimensional TEE showing a heavily calcified aor-
tic valve with severe stenosis.

5) with a Wilkins score of 12 and mean pulmonary
artery pressure of 43 mmHg. His left ventricular ejec-
tion fraction was 44%, and he showed Class Ill New
York Heart Association symptoms. His medical history
also included coronary disease status post-coronary
artery bypass graft, peripheral artery disease status
post-femoral-femoral artery bypass, porcelain aorta,
severe chronic obstructive pulmonary disease, type Il
diabetes mellitus, and sick sinus syndrome.

After evaluation by a multidisciplinary heart team,
the patient was deemed to be a prohibitively high-

Figure 3. TEE short axis view showing a heavily calcified aortic
valve.

risk candidate for surgical aortic valve replacement
due to a Society of Thoracic Surgeons mortality risk
score greater than 10% and the presence of a porce-
lain aorta on imaging studies. Balloon mitral valvu-
loplasty was contraindicated due to a high Wilkins
score. Therefore, we made the decision to proceed
with simultaneous TAVR and TMVR.

Valve analysis was performed using helical com-
puted axial tomography (CT) scanning with 3mensio
Structural Heart (3mensio Medical Imaging BV, Bil-
thoven, Netherlands) and OsiriX three-dimensional
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Figure 4. Three-dimensional TEE showing a heavily calcified mitral valve with severe stenosis..

Figure 5. TEE four chamber view with color doppler showing
severe mitral stenosis.

reconstruction software (Pixmeo SARL, Bernex, Swit-
zerland). This analysis demonstrated an aortic annu-
lus area of 480 mm?, which was suitable for a 26-mm
Edwards SAPIEN 3 (Edwards Lifesciences, Irvine, CA,
USA) valve. The mitral valve area was 286 mm?, which
was suitable for a 29-mm Edwards SAPIEN 3 valve.

Figure 6. Fluoroscopy clip showing deployment of the SAPIEN 3
valve in the aortic position.

The CT scan also showed a porcelain aorta.

The procedure took place under general anesthe-
sia in a hybrid operating room. A Certitude delivery
system was inserted into the apex through a limit-
ed left anterior thoracotomy utilizing 2-0 plegeted
braided polyester sutures as mattress pursestrings
(Ethicon, Somerville, NJ, USA). A 0.035" guidewire
was advanced into the ascending aorta and then ex-
changed with an Extra Stiff Amplatz wire. The 26-mm
SAPIEN 3 valve was advanced and deployed during
rapid pacing (Figure 6). Transesophageal echocardi-
ography (TEE) showed that the prosthesis was in an
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Figure 7. TEE biplane view of the aortic valve showing the SAPI-
EN 3 valve in the appropriate aortic position.

Figure 8. Fluoroscopy clip showing deployment of the inverted
SAPIEN 3 valve in the mitral position.

Figure 9. TEE showing the inverted SAPIEN 3 valve in the appro-
priate mitral position.

optimal position without paravalvular leak (Figure 7).
The mean gradient across the prosthetic valve was
5.7 mmHg.

Subsequently, the TAVR delivery system was re-
moved, and the Certitude sheath was kept in place.
A 0.035" straight-tip wire was used to cross the mi-
tral valve and then exchanged with an Inoue wire.
To achieve maximum expansion, 4 mL was added
to the 29-mm SAPIEN 3 balloon. A coplanar fluoro-
scopic view was obtained using the mitral annular
calcification as a landmark. The valve was deployed
during rapid pacing using fluoroscopic and live TEE
guidance (Figure 8). TEE showed that the prosthesis
was in an optimal position (Figure 9), with trivial para-
valvular leak and a mean gradient of 3.5 mmHg. The
left ventricle outflow tract gradient was 12 mmHg.
Postdilation with an additional 2 mL (total of 6 mL)
was performed to flair the atrial side of the Sapien
valve and minimize the risk of valve migration. Prior
to discharge (i.e., 5 days after the procedure), trans-
thoracic echocardiography showed normal function
of both prostheses without paravalvular leaks. At
2-month follow-up, the patient continued to do well.
Follow-up transthoracic echocardiography showed
no changes compared with prior study.

Discussion

TAVR has been found to be non-inferior to surgi-
cal aortic valve replacement in patients with severe
atrial stenosis deemed to be at high or intermediate
surgical risk [1, 2]. These patients often have concom-
itant mitral stenosis with a high Wilkins score, barring
them from mitral balloon valvuloplasty. The option
of performing TMVR of native mitral stenosis at the
same time as TAVR, although not previously studied,
has been reported in two cases [5, 6]. To the best of
our knowledge, this is the first simultaneous TAVR
and TMVR of native aortic and mitral valves stenoses
utilizing a single transapical access with the Edwards
Certitude delivery system.

Because is a complex and novel approach, select-
ing the appropriate candidate is key for success of
this procedure. It is of utmost importance to obtain
accurate measurements of both aortic and mitral an-
nuli and to select the appropriate prosthesis size and
minimize the risk of interference given the anatomi-
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cal proximity of the two valves.

Edwards SAPIEN S3 was chosen as itis the only tran-
scatheter valve available that can be reverse-mount-
ed to accommodate the transapical approach. Ad-
ditionally, the SAPIEN 3 valve provides the option of
balloon hyperexpansion if needed to minimize the
risk of migration and paravalvular leak, especially in
the mitral position. The sequence of valve implanta-
tion is controversial. Salaun et al. [7] speculated that
starting with mitral valve implantation may result in
obstruction of the aortic prosthesis. Bauernschmitt et
al. [5] chose to implant the mitral valve first due to the
anatomical proximity and concern for compression
of the smaller aortic valve while implanting the larger
mitral prosthesis. In Elkharbotly’s case [6], the aortic
valve was placed first. In our case, the aortic valve was
implanted first due to the critical nature of the aortic
stenosis and in case of unexpected complications oc-
curring during mitral valve intervention.

Itis difficult to estimate the risk of mitral prosthesis
migration. In the Bauernschmitt case [5], valve migra-
tion was not noted before the patient died from ma-
lignancy 9 months after implantation. In the Elkhar-
botly case [6], the reported 6-month follow-up was
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Video 5. Transapical transcatheter mitral valve replacement. ~Video 6. Transapical transcatheter aortic valve replacement.
View supplemental video at https//doiorg/10.12945/. View supplemental video at https//doi.org/10.12945/].
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Closure of Atrial Septal Defect in a Patient With

Cystic Fibrosis
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Abstract

Atrial septal defect (ASD) is a major cause of left-to-
right intracardiac shunting. If persisting into adult-
hood, an ASD can lead to a larger shunt, which may
eventually cause pulmonary hypertension and right
ventricular failure. Large intracardiac shunts cannot be
tolerated in patients with underlying lung disease such
as cystic fibrosis. Although the association between an
intracardiac shunt and cystic fibrosis has been report-
ed in the literature, the impact of ASD closure on the
clinical course of patients with cystic fibrosis has not
been studied. Here, we report a case of ASD closurein a
patient with cystic fibrosis with hypoxemia out of pro-
portion to his lung disease. Closure of the ASD shunt
resulted in significant improvement of his symptoms
and pulmonary function testing.

Copyright © 2017 Science International Corp.
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Introduction

Secundum atrial septal defect (ASD) is an isolated
defect in the fossa ovalis between the atria. Although
many ASDs close spontaneously during the first year
after birth [1], the defect persists in some cases, caus-
ing a left-to-right shunt [2]. Left-to-right shunting,

when significant, can cause dyspnea on exertion,
which may not be well tolerated in patients with an
underlying pulmonary condition such as cystic fibro-
sis. It is unknown whether ASD closure could lead to
symptomatic improvement in these patients. Here,
we report a case of ASD closure resulting in improved
pulmonary function testing in a patient with cystic fi-
brosis with a bidirectional shunt and worsening func-
tional capacity.

Case Presentation

Our patient was a 36-year-old man with cystic fi-
brosis diagnosed at birth with a dF508/dF508 geno-
type. His symptoms could be characterized as mod-
erate airway disease complicated by chronic airway
infections, pancreatic insufficiency, diabetes, and
malnutrition. Progression of his clinical condition
caused dyspnea with minimal exertion. He was re-
ferred to our cardiology service to be evaluated for
hypoxemia out of proportion to his chronic pulmo-
nary disease. Pulmonary function testing showed a
forced expiratory volume in 1 s (FEV1) of 1.71 (43%
predicted). Transesophageal echocardiography (TEE)
showed a small ASD with a bidirectional shunt seen at
rest (Figure 1). Right heart catheterization showed a
pulmonary artery pressure of 26/7/16 mmHg and pul-
monary vascular resistance of 1.7 Wood units. A deci-
sion was made to proceed with ASD closure, which
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Figure 1. TEE showing bidirectional shunt before 20-mm Occluder Septal Helex placement.

was performed under the guidance of intra-cardiac
echocardiography and fluoroscopy. A balloon sizing
the defect was used, and the patient underwent ASD
closure with a 25-mm Occluder Septal Helex. The in-
dication for this closure was the presence of bidirec-
tional flow that would ultimately lead to irreversible
pulmonary hypertension. At the end of the proce-
dure, an agitated saline study was performed, which
revealed minimal residual shunt. Echocardiography
performed the next day showed very minimal flow
across the device as demonstrated by color Doppler.
The patient was discharged to home on 81 mg aspi-
rin and 75 mg clopidogrel daily for 3 months. He ini-
tially demonstrated symptomatic improvement with
less oxygen requirement at rest. However, 3 months
later, his symptoms of fatigue and dyspnea on ex-
ertion returned, and follow-up echocardiography
demonstrated a large right-to-left intra-cardiac shunt
at rest as demonstrated by an agitated saline study

(Figure 2). His pulmonary function testing during
this time showed an FEV1 of 1.78 (47% predicted).
The patient was monitored for 1 year, during which
his functional capacity and cystic fibrosis symptoms
remained stable. He subsequently suffered from a
neurological event suggestive of a transient isch-
emic attack of an embolic nature, after which he was
considered for residual shunt closure. TEE revealed a
deformity of the Helex device causing a bidirectional
shunt via the inferior rim of the device. With further
guestioning, the patient admitted to using a high-fre-
qguency chest wall oscillation device a few days after
his ASD closure as part of his routine treatment for
cystic fibrosis.

The patient underwent closure of the residual
shunt using a 30-mm Cardioform device. The sec-
ond device was advanced across the defect and po-
sitioned to sandwich both sides of the previously
placed Helex Occluder (Figure 3). The absence of a
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Figure 2. TEFE showing residual shunt 1 year after 20-mm Occluder Septal Helex implantation.

residual shunt was confirmed with several negative
agitated saline injections. He was advised to not use
the high-frequency chest wall oscillation device for
at least 12 months. At 6-month follow-up, the patient
showed significant improvement in his functional ca-
pacity, with pulmonary function testing demonstrat-
ing a spike increase in FEV1 to 3.4 (89% predicted;
Table 1).

Discussion

ASD is one of the most common adult congenital
heart defects [3, 4]. It is caused by underdevelopment
of the secundum septum or over-reabsorption of the
primum septum. In most cases, ASDs close sponta-
neously during infancy [4, 5]; however, if persistent,
their clinical impact is related to their location, size,
and association with other defects [5, 6]. Small ASDs
usually cause a left-to-right shunt without signifi-
cant structural consequences in the right-sided heart
chambers. However, larger ASDs, if not corrected in

Figure 3. Fluoroscopy showing placement of a 30-mm Cardio-
form device adjacent to the previously placed 20-mm Occluder
Septal Helex.
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Table 1. Pulmonary function test of the patient over his clinical course.

Before first ASD closure

After first ASD closure (with residual shunt)

After second ASD closure (no
significant residual shunt)

FEV1
FEV1/FVC

1.71 (43% predicted)
53 (65% predicted)

1.78 (47% predicted)
61 (76% predicted)

3.4 (89%predicted)
76 (95% predicted)

early life, may lead to right-sided volume followed by
pressure overload [6, 7], resulting in right atrial and
ventricle enlargement and ultimately pulmonary vas-
culature remodeling and pulmonary hypertension
with symptoms of right heart failure such as fatigue,
decrease in functional capacity, and lung infections
[7, 8]. The association between ASDs and cystic fibro-
sis is not well established. Two small series of patients
with cystic fibrosis reported a 53-55% incidence of
left-to-right shunt, mainly due to the presence of a
patent foramen ovale (PFO) as seen by TEE [8, 9]. We
can assume that patients with severe lung disease,
such as cystic fibrosis in our case, will not tolerate hy-
poxemia caused by a significant right-to-left shunt.
Current American College of Cardiology/American
Heart Association guidelines [10] recommend per-
cutaneous interventional therapy for ASDs in the
presence of right atrial and right ventricle enlarge-
ment with or without symptoms before progressing
to irreversible pulmonary hypertension, the presence
of which is considered a contraindication for ASD
closure. The impact of ASD closure on pulmonary
function testing in patients with cystic fibrosis is not
known. Belton et al. [11] reported a 29-year-old man
with cystic fibrosis who underwent PFO closure after
developing neurological symptoms. His pulmonary
function had deteriorated at the time of the neuro-
logical event. Closure of his PFO improved his pulmo-
nary function with an increase in FEV1 from 1.36 to
1.89 (33% to 47% predicted). The authors concluded
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Abstract

A 67-year-old male with Ebstein’s anomaly and a du-
al-chamber pacemaker due to sick sinus syndrome was
admitted to our hospital with cardiogenic shock. Echo-
cardiography revealed severe functional mitral valve
regurgitation with preserved ejection fraction. He was
referred for percutaneous mitral valve repair (PMVR)
for refractory shock in the setting of prohibitive surgi-
calrisk. Invasive hemodynamics obtained during PMVR
revealed worsening mitral regurgitation due to septal
dyssynchrony induced by the patient’s permanent pac-
ing. He underwent successful PMVR with subsequent
clinical recovery. Dyssynchrony from right ventricular
apical pacing may exacerbate mitral regurgitation and
heart failure. PMVR with MitraClip may be a safe and
effective therapeutic option in patients with refractory
cariogenic shock and severe mitral regurgitation.
Copyright © 2017 Science International Corp.

Key Words

Mitral valve regurgitation « Dyssynchrony « Ventricular
pacing  Percutaneous mitral valve repair » Ebstein's
anomaly

Introduction

Percutaneous edge-to-edge mitral valve repair
(PMVR) using the MitraClip (Abbott, Menlo Park, CA,
USA) system is a novel method of reducing severe
symptomatic degenerative mitral valve regurgitation
(MR) in high-risk or inoperable patients. Although
randomized trials for its use in functional MR and end-
stage heart failure are currently underway, there are a
few reported cases of its use as a rescue therapy in
critically ill patients with refractory cardiogenic shock
[1, 2]. Here, we present a case of cardiogenic shock in
a patient with Ebstein’s anomaly secondary to severe
functional MR who underwent successful PMVR.

Case Presentation

A 67-year-old male with Ebstein’s anomaly, history
of bioprosthetic tricuspid valve replacement for tri-
cuspid regurgitation, and dual-chamber pacemaker
due to sick sinus syndrome presented to the emer-
gency department with progressive dyspnea on ex-
ertion, abdominal distension, a 7-kg weight gain, and
severe orthopnea. In the preceding 5 years, he had re-
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Figure 1. Portable chest radiographs throughout hospitalization. Panel A. Portable chest radiograph on admission demonstrating
cardiomegaly with a dual-chamber pacemaker with the ventricular lead running on the outside of the bioprosthetic tricuspid valve
(arrow), vascular congestion, pulmonary edema, and bilateral pleural effusions. Panel B. Portable chest radiograph on hospital day 12
(post-mitral valve repair day 6) showing stable placement of three MitraClips (circle) and improving pulmonary edema.

quired multiple hospitalizations for dyspnea, weight
gain, and abdominal distension despite escalating
doses of diuretics.

On physical examination, he was severely dyspne-
ic with an oxygen saturation of 95% on non-invasive
bi-level positive pressure ventilation. His blood pres-
sure was 96/67 mmHg with an atrioventricular paced

Table 1. Invasive hemodynamics immediately before and after
percutaneous mitral valve repair. Note all hemodynamics were
measured on the same dosages of dopamine, dobutamine, and
epinephrine.

Pre-Mitral Post-Mitral
Valve Repair  Valve Repair
Mean Right Atrial Pressure
(mmHg) 23 17
Pulmonary Artery Pressure
(mmHg) 67/30 60/27
Pulmonary Capillary Wedge
Pressure (mmHQ) 27 18
Left Atrial Pressure, a/v waves
(mmHg) 18/65 14/30
Cardiac Output (L/min; via
thermodilution) 6.1 7.1
Cardiac Index (L/min/m2; via
thermodilution) 32 38

heart rate of 80 beats per minute. His physical exam-
ination was notable for significant jugular venous
distension, a grade II/VI holosystolic murmur heard
loudest at the apex, bibasilar crackles, abdominal
distension, and 1+ bilateral lower extremity edema.
Serum brain natriuretic peptide was elevated at 364
pg/mL, and chest radiography showed enlargement
of the cardiac silhouette, vascular congestion, pulmo-
nary edema, and bilateral pleural effusions (Figure 1A).

Transthoracic and transesophageal echocardiogra-
phy revealed severe MR, severe biatrial enlargement,
and preserved left ventricular ejection fraction with
left ventricular end-diastolic and end-systolic dimen-
sions of 52 mm and 40 mm, respectively (Figure 2A
and 2B, Video 1 and 2). Tenting of the mitral leaflets
with poor coaptation of anterior and posterior leaf-
lets was noted, consistent with functional MR. The
bioprosthetic tricuspid valve appeared to function
normally. Within 24 h of admission, he quickly pro-
gressed to cardiogenic shock requiring dobutamine
and dopamine , and progressive anuric renal failure
requiring continuous renal replacement therapy. He
was evaluated for PMVR with via MitraClip given pro-
hibitive surgical risk with 30-day Society of Thoracic
Surgeons predictive operative mortality risk scores of
43% and 36% for mitral valve replacement and repair,
respectively.
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Figure 2. Transesophageal echocardiography before and after percutaneous mitral valve repair. Panel A. Two-dimensional midesoph-
ageal 50° view of the mitral valve with color doppler (left panel) showing an approximate commissural view of the P3, A2, and P1
scallops. Severe MR is noted, with a broad base due to leaflet malcoaptation resulting in a functional etiology from atrial dilation.
Panel B. Three-dimensional live visualization of the mitral valve from the view of the left atrium. Three-dimensional imaging allows

Video 1. Two-dimensional transesophageal echocardiogra- Video 2. Three-dimensional transesophageal echocardiogra-
phy of the mitral valve as seen in Figure 2A before percutane-  phy of the mitral valve as seen in Figure 2B before percutane-
ous mitral valve repair. View supplemental video at https://doi.  ous mitral valve repair. View supplemental video at https://doi.
0rg/10.12945/j.jshd.2017.033.17.vid.01. 0rg/10.12945/jjshd.2017.033.17.vid.02.
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Figure 3. Invasive cardiac hemodynamics measuring simultaneous aortic (purple) and left atrial (yellow) waveforms before mitral
valve repair. When the patient was in a ventricular paced rhythm, increased left atrial pressures with a mean of 30 mmHg with prom-
inent V waves of up to 75 mmHg were noted. Simultaneous central aortic pressures decreased with ventricular pacing (mean 58
mmHg). Native ventricular conduction was associated with decreased left atrial pressures (mean 20 mmHg) with smaller V waves
and enhanced arterial pressures (mean 68 mmHg). Ao = aortic pressures; LA = left atrial pressure.

WilFF:

Figure 4. Intraprocedural fluoroscopy, anteroposterior view, during MitraClip procedure. Panel A. Fluoroscopy performed after trans-
septal puncture. Balloon dilation (circle) of the interatrial septum was performed to allow for passage of the MitraClip delivery cath-
eter. Panel B. Fluoroscopy visualizing the placement of three MitraClips (arrows).

Intraoperative pre-repair hemodynamics revealed as the patient was predominantly atrioventricular
two distinct left atrial and arterial waveforms depend-  (AV) paced, a drop in V waves and concurrent rise in
ing on the patient’s cardiac rhythm, illustrating its aortic waveforms was observed when the patient had
electromechanical influence on MR (Figure 3). Where- native AV conduction. In comparison, resumption of
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Figure 5. Cardiac invasive hemodynamics after mitral valve repair with measurement of aortic (purple) and left atrial (yellow) pres-
sures. After MitraClip placement, overall improved left atrial pressures (mean 20 mm Hg with V waves up to 33 mm Hg) and arterial
pressures (mean 76 mm Hg) are seen with no significant pressure changes during ventricular paced or native conducted rhythms. Of
note, minimal pressure variations did not correlate with the patient’s ventilatory changes.

right ventricular (RV) pacing resulted in a marked el-
evation of V waves (up to 67 mmHg) and decrease in
aortic pressures, demonstrating worsening of MR.

The patient underwent successful PMVR with de-
ployment of three MitraClips along the A1-2/P1-2 in-
terface, with reduction of MR from severe to mild and
a mean transmitral gradient of 3 mmHg (three-di-
mensional planimetry valve orifice area of 3.6 cm?)
(Figure 2B, 2C, and 4, Video 3 and 4). Post-MitraClip
hemodynamics confirmed dramatic improvement in
left atrial pressures throughout both paced and na-
tive rhythms (Figure 5, Table 1). Transthoracic echo-
cardiography on postoperative day 1 showed a mild
decrease in left ventricular size and modest drop in
left ventricular ejection fraction from 60-65% to 45—
50% but with sustained mild residual MR.

Postoperatively, the patient was rapidly weaned
off vasopressor support with recovery of renal func-
tion (Figure 1B). He was discharged 10 days after the
procedure, with plans for pacemaker upgrade to car-
diac resynchronization therapy. One month post-pro-
cedure, he was doing well, with New York Heart Asso-
ciation class Il symptoms and maintenance of a stable
weight on an oral diuretic regimen with brain natri-
uretic peptide of 126 pg/mL. Follow-up echocardiog-
raphy confirmed no significant changes, with stable
mild residual MR.

Discussion

Cardiac pacingis an established and effective treat-
ment for a variety of bradyarrhythmias. Although the
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Figure 6. Twelve-lead electrocardiograms. Panel A. Electrocardiogram prior to pacemaker placement, demonstrating atrial fibrillation
with an incomplete right bundle branch block pattern, with normal axis and nonspecific ST-T segment abnormalities seen inferolat-
erally. Panel B. Electrocardiogram after dual-chamber pacemaker placement, demonstrating an atrioventricular paced rhythm and a
paced ventricular morphology with an indeterminate axis and atypical left bundle branch morphology (no broad R waves noted in
lateral leads). Pseudofusion (thick arrow) was intermittently noted, revealing the patient’s native QRS morphology and fusion (thin

arrow).

Video 3. Two-dimensional transesophageal echocardiogra-
phy of the mitral valve as seen in Figure 2C after percutane-
ous mitral valve repair. View supplemental video at https://doi.
0rg/10.12945/jjshd.2017.033.17.vid.03.

right ventricular apex is the standard pacing site for
dual-chamber pacemakers, several studies report
detrimental effects of electrical dyssynchrony from
RV pacing, including exacerbation of valvular dys-
function and heart failure [3, 4].

In this case, invasive hemodynamics obtained
during PMVR demonstrated worsening of functional
MR from septal dyssynchrony induced by RV apical
pacing. The association between MR and right ven-
tricular apical pacing has been described in many

Video 4. Three-dimensional transesophageal echocardiog-
raphy of the mitral valve as seen in Figure 2D after percutane-
ous mitral valve repair. View supplemental video at https://doi.
0rg/10.12945/j.jshd.2017.033.17.vid.04.

clinical scenarios ranging from acute severe MR im-
mediately following pacemaker implantation to slow
progression of MR in the setting of chronic right ven-
tricular apical pacing [4-6].

The mechanism of MR with RV pacing is derived
from intraventricular dyssynchrony. Pacing from the
right ventricular apex induces an iatrogenic form of
left bundle branch block as depolarization spreads
from the apex to the base, as demonstrated by the
patient’s electrocardiograms before and after du-
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Worsening MR from V-Paced Septal Dyssynchrony
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al-chamber pacemaker placement (Figure 6). This
abnormal left ventricular activation sequence causes
delayed reduction of both the mitral annular size and
regurgitant orifice size, leading to abnormal leaflet
coaptation and enhanced MR [7].

Moreover, a hallmark of Ebstein’s anomaly is dys-
synchrony of the basal septum at the attachment site
of the septal leaflet [8]. Although the patient had pre-
viously undergone surgical tricuspid valve replace-
ment, residual septal dyskinesis may have also further

and effective salvage therapy option in refractory
cardiogenic shock. Further experience and research
is needed to clarify which patients can be hemody-
namically significantly affected by right ventricular
pacing.
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contributed to worsened MR.

This case highlights the hemodynamic effects of
right ventricular pacing in MR and demonstrates the
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potential utility of the MitraClip system as a feasible
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