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valve prostheses and were symptomatic with advanced heart 
failure: New York Heart Association (NYHA) functional class III 
or IV. Patients were assessed by a multidisciplinary heart team of 
cardiac surgeons and cardiologists and were deemed unsuitable 
for reoperative mitral valve surgery because of excessive risk.

Procedures

All procedures were performed by a multidisciplinary heart 
team comprising cardiac surgeons, cardiologists and cardiac 
anesthesiologists in a specially equipped hybrid operat-
ing room. In all cases we used the transapical approach and 
implanted an Edwards Sapien™ transcatheter porcine heart 
valve (Edwards Lifesciences, Irvine, CA, USA). Internal diam-
eter data were obtained from the valve manufacturer’s official 
publication, and confirmation of size was performed by trans-
esophageal echocardiography (TEE) and electrocardiography 
(ECG) gated computed tomography (CT) scan. 

All patients underwent general anesthesia with single-lumen 
intubation. The transapical approach was performed with left 
anterolateral mini-thoracotomy at the fifth or sixth intercostal 
space. After placement of ventricular pacing wires, two circu-
lar Teflon-pledgetted sutures were placed to secure the apex 
at the end of the procedure. After puncture of the apex, a 0.35 
J-tipped wire was inserted followed by the introduction of a 
6F catheter across the mitral bioprosthesis. Subsequently, an 
Amplatz extra-stiff wire was exchanged and passed into the 
left atrium. The 6F catheter was then withdrawn and the deliv-
ery system was inserted over the wire The reversely crimped 
Sapien™ valve was placed in the mitral position under rapid 
ventricular pacing of 160–200 beats/min during deployment 
to prevent excessive motion. None of the procedures required 
balloon valvuloplasty. 

Valve implantations and confirmation of the precise final 
positioning before deployment were aided by 2D and 3D 
transesophageal echocardiographic analysis and fluoroscopy 
[Figure 1]. Echocardiographic analysis was used to confirm 
valve-in-valve stability and paravalvular leakage, as well as 
assess hemodynamics [Figure 1]. 

statistical analYsis

Statistical analysis was performed with JMP 9.0 Software (SAS 
Institute Corp, Cary, NC, USA). Numeric variables are expressed 
as mean with standard deviation of the mean or median with 
interquartile range (IQR) owing to the limited number of cases. 

results

Baseline cHaracteristics

All patients were symptomatic with NYHA functional class III 
or IV heart failure. Mean age was 82 ± 4 years and six patients 
were female. Baseline demographics of all patients are presented 
in Table 1. All patients were considered high risk for conven-
tional redo mitral valve replacement due to advanced age, co-
morbidities or frailty. Mortality risks were calculated using the 
European System for Cardiac Operative Risk I and II and the 
Society of Thoracic Surgeons score 25.5 ± 9.1% (15.14–41.39%), 
11 ± 8% (4–28.3%) and 12 ± 4% (5.6–19.3%) respectively. 

PreoPeratiVe ecHocardiograPHic Findings

A variety of mitral bioprostheses were treated at a median of 
10.5 years (5–15 years) post-mitral valve replacement. Bio-
prosthesis failure was due to mitral regurgitation in six, steno-
sis in two, and one patient who had combined regurgitation 
and stenosis. For the two patients with severe stenosis, average 
peak and mean transvalvular pressure gradients reached 31.5 
mmHg and 8.5 mmHg, respectively. Table 2 summarizes data 
prior to the implanted bioprosthesis and the actual implanted 
transcatheter valve.

Procedural outcomes

Device success was 100% according to the Valve Academic 
Research Consortium-2 (VARC-2) definitions [12]. There 
was no intra-procedural mortality and no procedure-asso-
ciated complications were recorded. Mean procedure time 
averaged 137.5 ± 22.83 minutes. Intraoperative TEE revealed 
good prosthesis placing and function. The transmitral valve 
gradients decreased from 26 ± 4 and 8 ± 2 mmHg (peak and 

Figure 1. Echocardiogram and angiogram during the procedure. Mitral valve-in-valve implantation of an Edwards Sapien™ valve into degenerated bioprosthesis 
valve. [a] Echocardiographic and [B] angiographic imaging of the Sapien™ valve within the degenerative mitral bioprosthesis prior to inflation.  
[c & d] echocardiographic and angiographic imaging after valve deployment
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valve positioning, and none of the patients had any mitral 
regurgitation at the end of the procedure. Data regarding 
prior implanted prostheses and actual implanted transcath-
eter valves are presented in Table 2.

in-HosPital course

The postoperative course was uneventful in eight of the nine 
patients. One patient (# 7) experienced major postoperative 
retroperitoneal bleeding from the iliac artery due to leakage 
from the closing device. The patient underwent covered stent 
implantation to control the bleeding. Her situation was later 
complicated by acute lung injury and she required prolonged 
ventilation. A tracheostomy was performed and she was dis-
charged from hospital after she had been decannulated. 

There was no in-hospital or 30 day mortality. No apical 
hemorrhaging was encountered, and no reoperation for 
bleeding or tamponade was required. The median stay in the 
intensive care unit was 2 days (IQR 2–42 days). With the 
exception of patient # 7, neither postoperative coagulopathy 
nor major bleeding was observed. All patients had stable 
hemodynamics, and no patient required mechanical circu-
latory support (i.e., intraaortic balloon pump). All patients 
(excluding # 7) were weaned from ventilation after 25 ± 23 
hours. No patient experienced respiratory failure later that 
required reintubation. The median length of stay was 7 days 
(IQR 4–58 days). Acute kidney injury of stage 2 or higher, 
according to VARC-2 criteria, was not documented. None 
of the patients suffered stroke, and none experienced major 
atrioventricular conduction disturbances that required per-
manent pacemaker insertion. Wound healing was uneventful 
in all patients except for patient # 6 who suffered from super-
ficial wound infection at the thoracotomy incision line. All 
patients were discharged on dual antiplatelet therapy (aspirin 
100 mg and clopidogrel 75 mg daily) for 6 months. Table 3 
summarizes the postoperative data. 

mean) to 17 ± 6 and 8 ± 3 mmHg, respectively (P < 0.05). 
Two patients (# 1 and 7) presented with elevated postopera-
tive peak transvalvular pressure gradients (29/14 and 22/10 
mmHg, respectively). In none of the cases was hemodynamic 
compromise encountered, and support with cardiopulmo-
nary bypass or conversion to a sternotomy was not necessary. 
There were no cases of valve embolization or inappropriate 

table 1. Patient characteristics 

Patients
(n=9)

3 (33%)Gender (Male)

82 ± 4Age (years)

6 (86%)Hypertension

7 (100%)Hypercholesterolemia

4 (44%)Diabetes

0Peripheral occlusive disease

2 (22%)Chronic obstructive lung disease

2 (22%)Chronic renal failure (GFR < 60 ml/min)

4 (44%)Coronary heart disease

3 (33%)Previous stroke

3 (42%)Permanent atrial fibrillation

4 (44%)Previous coronary artery bypass graft surgery

9 (100%)NYHA Functional Class III/IV

25.5 ± 9.1%EuroScore I mortality risk 

11 ± 8.6%EuroScore II mortality risk

12 ± 4%STS mortality risk

All values are expressed as mean ± SD or n (%) 
GFR = glomerular filtration rate, EuroScore = European System for Cardiac 
Operative Risk Evaluation, NYHA = New York Heart Association, STS = Society 
of Thoracic Surgeons

table 2. Preoperative data and echo and peri-operative echo results 

Patient 
#

Prior implanted bioprosthesis implanted bioprosthesis Peri-operative echo results

Years 
after mVr

size 
(mm) Failure

Peak/mean pressure 
gradient (mm Hg) sapien™ size

Peak/mean pressure  
gradient (mm Hg) 

mr  
grade

1 15 27 Regurgitation 25/6 26 29/14 Trivial

2 11 27 Regurgitation 24/9 29 17/5 Trivial

3 10 27 Regurgitation 25/7 26 12/7 Trivial

4 12 29 Regurgitation 24/7 29 15/6 Trivial

5 5 27 Regurgitation 24/8 26 15/9 Trivial

6 14 29 Regurgitation 22/8 26 12/6 Trivial

7 8 27 Stenosis 28/12 26 22/10 Trivial

8 13 29 Stenosis 35/5 26 14/5 Trivial

9 6 27 Regurgitation + stenosis 28/12 26 20/6 Trivial
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Therefore, evidence regarding technical aspects as well as clini-
cal and long-term outcome is still of particular interest.

tecHnical asPects oF tamVi 

In accord with previous series reported by Cheung and team 
(11 patients) [11], Seiffert and co-authors (6 patients) [6] and 
Wilbring et al. (7 patients) [15], we did not experience any pro-
cedural issues with TAMVI. The procedural success rate was 
100% in all reported cases [13-15]. We did not encounter major 
apical bleeding, nor did the authors of the above mentioned 
series, except for Seiffert et al. [6] who reported major apical 
bleeding in two of their six patients. As the mitral valve is typi-
cally oriented toward the apex, the transapical approach allows 
a direct and co-axial access to the mitral valve. In our study, flu-
oroscopy and TEE were used to position the valve stent within 
the mitral prosthesis. Fluoroscopy is most useful in cases where 
the prosthesis incorporates a radiopaque sewing ring, which 
indicates the landing zone for the new valve. If there are only 
minimal radiolucent markers within the prosthesis, guidance 
of the valve can be successfully carried out by TEE. Actually, 
unlike routine TAVI or valve-in-valve procedures for degener-
ated aortic bioprostheses, the administration of a contrast agent 
is not necessary for TAMVI. All patients experienced a reduc-
tion of mitral regurgitation to grade 0 or I after implantation of 
the Sapien™ valve, accompanied by excellent prosthesis func-
tion and significantly reduced transvalvular pressure gradients. 
Nevertheless, the transvalvular pressure gradients were high 
immediately after the procedure in patients 1 and 7, but were 
reduced later on, as seen in the echocardiographic follow-up 
examinations. Our results are comparable with those observed 
by other groups [13-15]. 

In our series we used 26 and 29 mm valves. Other series 
reported labeled sizes from 23 to 29 mm. The key variable for 
sizing the Edwards Sapien™ valve was the internal diameter 
given by the manufacturer. TEE and CT were used to con-
firm the internal diameter of the degenerated bioprosthesis 
as well as provide further insights on bioprosthesis features 
(e.g., thrombi, vegetation, calcifications). The internal diam-
eter measured and that given by the manufacturer can differ 
significantly, presumably because of calcification or pannus 
formation of the tissue leaflets. If there was a significant differ-
ence between the manufacturer’s specifications and the one 
we measured, justifying a larger prosthesis, then we tended to 
choose the larger Sapien™ valve. 

PostoPeratiVe course and clinical outcome

In our study the postoperative course was substantially 
uneventful. Two procedure-associated complications were 
observed. Patient # 6 suffered from wound infection in the 
thoracotomy incision line; in patient 7 major bleeding from 
the femoral access necessitated blood products and respira-
tory failure occurred later which led to prolonged ventilation 

Follow-uP data

Follow-up was completed by 100% of the patients, with a mean 
clinical follow-up time of 13 ± 12 months (IQR 2–36 months). 
No patient died during this period. At the most recent follow-
up all patients were in NYHA functional class I or II. The mean 
echocardiographic follow-up time was 13 ± 11 months (IRQ 
1–36 months). The echo results demonstrated good valvular 
function in all patients, and no structural valve deterioration 
was detected. The peak and mean transvalvular pressure gra-
dients decreased to 16 ± 3 and 7 ± 1.5 mmHg, peak and mean 
respectively. Before the intervention left ventricular ejection 
fraction was 61 ± 5%, and after the valve implantation 54 ± 9%. 
No anticoagulation-dependent complications were recorded.

discussion 

During the last decade transcatheter therapy for aortic stenosis 
in high risk patients has provided a significant platform for the 
advancement of catheter-based treatment of several structural 
valve diseases. Since 2007, several studies have demonstrated 
the feasibility of the valve-in-valve concept for deteriorated 
aortic bioprostheses. Although the transatrial approach to the 
mitral valve proved to be difficult, conversion to the transapical 
approach was adopted in 2008 by Kempfert et al. [10] initially 
in a sheep model, followed in 2009 by Cheung et al. [11] who 
performed an implantation in humans. Since then only a few 
reports have focused on this new and promising approach [13-
15], with a few case reports of the percutaneous transjugular 
transseptal route [16] which is used for emergency cases only. 

table 3. Early results and follow-up data

Patients 
(n=9)

0Mortality

0Stroke

0Pacemaker

25 ± 22Ventilation time (hours)*

2ICU time (median) (days)

7Hospital stay (median) (days)

13 ± 12Follow-up time (months)

0Late mortality

0Sub-acute endocarditis

0Thromboembolisem

1(11%)Major bleeding

17 ± 3/7 ± 1.5MV peak/mean gradient

9 (100%)MR ≤ mild 

*Excluding patient # 7
ICU = intensive cardiac unit, MV = mitral valve, MR = mitral regurgitation 
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requiring a tracheostomy. Bearing in mind the patients’ ages 
and morbidities, most of them had a quick postoperative 
recovery, in accord with other reports [13-15].

There was no hospital mortality in our series. The in-hos-
pital mortality rate in the series of Cheung et al. [13], Seiffert 
et al. [14] and Wilbring et al. [15] was 4.3% (1/23), 16.7% 
(1/6) and 14.3% (1/7) respectively. Taking into account the 
limitations of a mid-term follow-up period (13 ± 12 months) 
as in the present series, no patient died during follow-up. 
Cheung and team [13] provided a median follow-up of 
753 days and a survival rate of 90.6%. In the present study 
and comparable series, all surviving patients experienced a 
significant improvement in NYHA functional class during 
follow-up [13-15].

conclusions

Our series is small and represents our early experience with 
transcatheter transapical mitral valve-in-valve implantation. 
Still, our study demonstrates that transcatheter transapical 
mitral valve-in-valve implantation for failed bioprosthesis is 
feasible in selected high risk patients. Clinical and hemody-
namic outcomes were good at mid-term follow-up. The post-
procedure gradients across the mitral valve were elevated and 
could impact patient functional class, long-term survival, and 
quality of life. Larger series, randomized trials and long-term 
clinical and echocardiographic follow-up are recommended. 
For now, we propose that for patients at high risk for reop-
erative mitral valve surgery, transapical mitral valve in valve 
should be considered an option. 
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A recently published study describes that the prevalence 
of occupational hepatitis C virus (HCV) infection is higher 
than the general population. This study provides insights 
into the risk associated with virus acquisition from other 
surveillance systems that quantify needle-stick and other 
blood and body fluid exposure incidents among the 
health care workforce. For decades, health care facilities 
have focused on preventing occupational exposure to 
blood-borne pathogens using universal and standard 
precautions, and adhering to federal regulations. Based on 
occupational incident surveillance data (EPINet), it seems 

that this may not still be the case.  As HCV infections 
among health care workers are still unacceptably high 
and occupational incident data confirm that exposures are 
still occurring and can be prevented, this article provides 
evidence for suggesting that policies at the national, local, 
and facility level need to be improved in order to decrease 
transmission of blood-borne pathogens.

http://infectioncontrol.tips/2016/01/01/hepatitis-c-virus-still-
unacceptably-high-risk-for-healthcare-workers/
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