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ACC/AHA — The American College of Cardiology and American Heart
Association

AF — atrial fibrillation

AIC — Akaike information criterion

AMVL - anterior mitral valve leaflet
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BSA — body surface area
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COPD - chronic obstructive pulmonary disease

CPB - cardiopulmonary bypass

ePTFE - expanded polytetrafluorethylene
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LVEDD: - left ventricular end-diastolic diameter index
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MV — mitral valve
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MVr — mitral valve repair
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SAM - systolic anterior motion

SPAP — systolic pulmonary artery pressure

STS — Society of Thoracic Surgeons

TACT - Transapical Artificial Chordae Tendineae
TOE - transoesophageal echocardiography

TTE - transthoracic echocardiography

TR — tricuspid regurgitation

TV —tricuspid valve

VUHSK - Vilnius University Hospital Santaros Klinikos



1. INTRODUCTION

1.1. Relevance of the problem. Importance and novelty
of the research

Mitral regurgitation (MR) is the most frequent heart valve disease,
affecting 2-4% of the population, and the second most common
valvar condition requiring surgery in Europe. Degenerative causes
(ie, primary myxomatous disease, flail leaflet, annular calcification)
account for 60% to 70% of MR cases in developed countries. Mitral
insufficiency often progresses with no obvious symptoms, while the
heart compensates for increasing regurgitant volume by left atrial
enlargement. Over time, MR causes left ventricular overload and
systolic dysfunction, and yields poor outcome when it becomes
severe. If left untreated, it may cause irreversible cardiac changes
and lead to arrhythmias, congestive heart failure, endocarditis, or
sudden cardiac death. In most patients with severe MR, cardiac
events arise within 10 years of diagnosis, and death occurs or cardiac
surgery is needed in at least 90% of the patients. Normal function of
the mitral valve may be successfully restored, symptoms can be
improved, and a patient‘s life expectancy often can be achieved with
modern surgical techniques.

Reconstructive MV repair is the preferred treatment for severe
MR due to leaflet prolapse or flail and has been shown to restore
survival equivalent to that of age-matched controls. Therefore, early
diagnosis, evaluation, and timely consideration for treatment of
patients with degenerative MR are of a great importance. The “gold
standard” MV repair is performed using the cardiopulmonary bypass
(CPB) and cardioplegia, and the perils of the pump are well-known.

In recent years, conventional mitral valve surgery techniques
have been complemented with new minimally invasive beating-heart
transventricular and  transcatheter-based  repair  procedures.
Transventricular off-pump implantation of expanded
polytetrafluorethylene (ePTFE) sutures as artificial neochordae,



using the NeoChord DS1000 Artificial Chordae Delivery System
(NeoChord Inc., St Louis Park, Minn, USA), has been introduced to
correct MR under direct 2— and 3-dimensional transesophageal
echocardiography (TOE) guidance. Although the NeoChord
procedure has been proven to be safe and effective in selected
patients with mitral leaflet prolapse (flail or chordal rupture), data
from midterm and long-term follow-up are limited. This study
reports long-term outcomes of transventricular off-pump MV repair
at a single center.

1.2. The aim of the research

The aim of this study was to evaluate the long-term effectiveness of
transventricular off-pump MV repair using the NeoChord DS1000
device in treating patients with severe degenerative MR as well as to
identify the causes and prognostic risk factors of recurrent MR.

1.3. The objectives of the research

1. To evaluate the long-term durability of transventricular MV
repair using the NeoChord DS1000 device.

2. To determine the frequency and causes of recurrent MR
following the transventricular MV repair.

3. To estimate the probability of MR progression and recurrence
of MR greater than 2+ after the transventricular MV repair.

4. To identify the prognostic risk factors of recurrent MR greater
than 2+.

5. To analyze survival after the transventricular MV repair.

6. To examine the learning curve of the surgical team and its
association with the long-term outcomes.

10



1.4. Scientific novelty

Since its first introduction in the animal model in 2009,
transventricular MV repair has been performed in more than 1,500
patients worldwide. Although the safety and early efficacy of this
technique have been proven by multiple investigators, the long-term
durability data are limited. In the last decade, 115 NeoChord
procedures have been performed at Vilnius University Hospital
Santaros Klinikos (VUHSK), representing probably the largest
cohort of patients treated by this technology at a single center.

This study was designed to evaluate the long-term durability of
tranventricular MV repair and demonstrate its association with the
preoperative anatomy of the MV. Causes of recurrent MR and
prognostic risk factors for recurrent MR greater than 2+ have been
investigated.

1.5. Practical significance of the research

This nonrandomized observational study was conducted at a single
center (VUHSK) aiming to evaluate the long-term outcomes of
transventricular off-pump MV repair in patients with degenerative
MR as well as to analyze the failure rates and causes of recurrent
grade >2+ MR.

Although the Neochord procedure has been performed for more
than a decade, data from long-term follow-up are scarce.
The longitudinal observation of these patients was therefore
necessary to assess the durability of the repair and provide the
survival analysis. Based on the findings of this study, refinements of
the patient selection criteria are likely to aid the decision making for
cardiac specialists in practice.
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2. SUBJECTS AND METHODS OF THE RESEARCH
2.1. Research subjects

Between December 2011 and December 2019, 115 patients with
severe MR underwent transventricular off-pump MV repair using the
NeoChord DS1000 system at Vilnius University Hospital Santaros
Klinikos (VUHSK).

All patients met indications for surgical treatment according to
current ACC/AHA and ESC/EACTS guidelines. Patients with
echocardiographic evidence of isolated or bi-leaflet MV prolapse or
flail, with or without chordal rupture, were selected for
transventricular MV repair. Patients with restrictive mechanism of
regurgitation (due to rheumatic disease or cardiomyopathy), ischemic
mitral regurgitation, infective endocarditis, and central regurgitation
jet were not considered for transventricular approach.

Five of the 115 patients had an annuloplasty ring in situ after the
previous conventional MV repair and underwent a transventricular
re-do repair for severe recurrent MR. Four patients required
intraoperative conversion to a conventional MV repair due to
neochordae dehiscence from the leaflet or device-related
complications (perforated leaflet, and bleeding from the device-entry
site). Another five patients underwent transventricular MV repair in a
setting of acute MR due to post-infarction papillary muscle rupture.
An overall technical success of the procedure was 97%. One patient
with an optimal post-procedural MR reduction died on postoperative
day 2 due to bleeding and cardiac tamponade. Those 15 patients were
excluded from further longitudinal analysis (Figure 1).
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Grade 23+ degenerative MR

R g ETRCTTE T N A EETTS . VUHSK, year 2011-2019
[the NeoChord procedure] I

Excluded patients:
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> .5X re-do transventricular surgery

after conventional MV repair
Mortality analysis m
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Figure 1. Design of a nonrandomized observational study of
transventricular MV repair. Between 2011 and 2019, 115 patients
underwent transventricular MV repair using the NeoChord DS1000 system
at a single center. Follow-up data available for 100 were included in the
longitudinal analysis. MV, Mitral valve; MR, mitral regurgitation; VUHSK,
Vilnius University Hospital Santaros Klinikos.

The study cohort included 100 patients. Permission No.
2021/9-1382-852 was obtained from the Vilnius Regional
Committee for the Ethics of Biomedical Research for this
retrospective non-randomized observational study and all patients
provided an informed consent form prior to surgery. All patients
underwent transventricular implantation of ePTFE artificial
neochordae as previously described (Colli et al., 2015). All
procedures were performed by the same surgical team of two
principal operators and one to two assistants. To determine an impact
of operator learning curve, the data were stratified into three groups
by operation periods. Baseline patient, echocardiographic, and
perioperative characteristics were compared between 34, 33, and 33
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patients in each group, respectively. Postoperative clinical data and
echocardiography assessment of effectiveness of the NeoChord
repair were obtained at 1, 6 months and annually after the procedure,
until 31 December, 2021. Follow-up was considered incomplete if a
patient missed last two or more visits. In this study, completeness of
the follow-up was 80%.

Technical and device success were determined on the basis of
the MVARC (Mitral Valve Academic Research Consortium)
recommendations. In our study, technical success meant successful
deployment of the artificial neochordae at the intended position and
retrieval of the delivery system without procedural mortality or need
for emergency surgery. Device success characterized continued
freedom from MR>2+ without procedural mortality and device-
related complications at 30 days and at all follow-up intervals
thereafter. MR reduction was considered optimal when post-
procedure MR was reduced to trace or absent; MR reduction was
considered acceptable when post-procedure MR did not exceed 2+
on intraoperative transesophageal echocardiography.

2.2. Statistical analysis

Statistical analysis was performed using the data collection and
analysis software package SPSS 22.0 (IBM Corp, Armonk, NY,
USA). For advanced statistical analysis of the longitudinal data, the
R statistical software (version 4.0.3, R Foundation for Statistical
Computing, Vienna, Austria) was used. The quantitative normality of
continuous data was evaluated using histograms, boxplots, and the
Shapiro-Wilk test (P >0.05). Quantitative data with a normal
distribution is presented as a mean value + standard deviation. The
guantitative continuous data distributed outside the normal
distribution are presented as the median and quartile intervals. The
categorical data are expressed as a percentage. Freedom from
recurrent MR greater than 2+ and survival were estimated using the
Kaplan-Meier method and compared using the log rank test. The
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censored data include patients who had their follow-up terminated.
To determine the risk factors associated with MR greater than 2+
recurrence, several multivariate Cox regression models were
constructed using significant variables from the univariate
regression. The likelihood ratio test was used to reduce the nested
regression models and fit the final model. Longitudinal outcomes of
MR grade were modelled using a mixed-effects continuation model.
Candidate variables including all available baseline demographic and
echocardiographic data were screened using univariable analysis.
The exact time of echocardiographic measurement and MR grade,
preoperative left ventricular end-diastolic diameter (LVEDD), and
anatomic MV lesion type (A-D) still showed a significant
association with outcome in the multivariable model and were
included in the final model as fixed effects and patient as a random
effect. The mixed-effects analysis was performed using the
R package “GLMMadaptive”.

3. RESULTS

3.1. Baseline demographics and comorbidities

In the study cohort of 100 patients, mean age was 59.9 = 12.1 years.
71 patients (71%) were male. The median preoperative risk was
estimated using STS and EuroSCORE Il calculators: 0.53%
(interquartile range [IQR], 0.26-1.06%) and 0.81% (IQR, 0.67—
1.38%), respectively. Eight patients were asymptomatic
(NYHA functional class I) and 37 presented with marked limitation
of physical activity or symptoms at rest (NYHA >III). Severe
pulmonary hypertension (SPAP >55 mmHg) was revealed in
17 (17%) patients, 18 patients (18%) had atrial fibrillation. A third of
the patients (33%) had renal dysfunction of GFR <85 ml/min
preoperatively. One patient had undergone an aortic valve
replacement 9 years before the transventricular mitral repair. The
preoperative patient characteristics are summarized in Table 1.
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Table 1. Baseline demographics and comorbidities

Mean = SD or
median (IQR)

Patients, n 100 (100 %)
Male gender, n (%) 71 (%)"
Age (years) 59.9+12.1
BMI (kg/m?) 27.0+£4.4
BSA (m?) 1.98 +0.23
Creatinine (umol/l) 74 (69-89)
GFR (ml/min.) 100.0 +£35.2
GFR < 85 ml/min., n (%) 33 (%)
Surgical risk
STS score (%) 0.53 (0.26-1.06)
EuroSCORE Il (%) 0.81 (0.67-1.38)
MIDA score 5(3-8)
Functional classification
NYHA I, n (%) 8 (%)
NYHA 11, n (%) 55 (%)
NYHA 11, n (%) 35 (%)
NYHA IV, n (%) 2 (%)
Severe symptoms (NYHA > 1), n (%) 37 (%)
Comorbidities
Primary hypertension, n (%) 57 (%)
Dyslipidaemia, n (%) 21 (%)
All types of AF, n (%) 18 (%)
Permanent AF, n (%) 5 (%)
Pulmonary hypertension (=55 mmHg), n (%) 17 (%)
Coronary artery disease, n (%) 10 (%)
Stroke, n (%) 5 (%)
COPD, n (%) 4 (%)
Diabetes, n (%) 2 (%)
Previous cardiac surgery, n (%) 1 (%)

AF, Atrial fibrillation; BMI, body mass index; BSA, body surface area; COPD,
chronic obstructive pulmonary disease; EuroSCORE, European System for Cardiac
Operative Risk Evaluation; IQR, interquartile range; MIDA, mitral regurgitation
international database; NYHA, New York Heart Association; SD, standard
deviation; STS, Society of Thoracic Surgeons. * In this study, the sample size was
100; the proportion of subjects in percentage corresponds to the absolute numbers,
so that the notation of percentage was simplified, i.e., 71 (%).
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3.2. Preoperative echocardiographic data

All patients had grade >2+ MR on preoperative TTE and 3D TOE.
82 patients had MV prolapse due to chordal rupture and 18 patients
without chordal tear. 51 patients had an MV anterior-posterior
annular diameter greater than 35 mm. Yet, no significant association
between MR annular dilatation and MR greater than 2+ recurrence or
reoperation was observed (P>0.05). The preoperative
echocardiography details are explained in Table 2.

Table 2. Preoperative echocardiography details

Mean + SD or
median (IQR)

Transthoracic echocardiography

MR greater than 2+, n (%) 100 (%)

LVEF (%) 55 (55-56)
LVEDD (mm) 59.1+6.1
LVEDDiI (cm/m?) 3.01+0.37
Dilated LV?, n (%) 39 (%)

LVESD (mm) 35.7+6.1
LA length (mm) 67 (63-73)
LA width (mm) 55 (51-61)

LA volume (ml)

137 (110-162)

LA volume index (ml/m?)

68.0 (56.3-82.2)

SPAP (mmHg) 38 (30-53)
SPAP >55 mmHg, n (%) 17 (%)
TR >2+, n (%) 4 (%)
Transoesophageal echocardiography
MYV annular dimensions:
Anterior-posterior diameter (mm) 36 (33-39)
Dilatation (>35 mm), n (%) 51 (%)
Medio-lateral diameter (mm) 44.8 £ 6.1

Perimeter (mm)

137 (125-148)
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Table 2. Continued

) Xo
edla QR
Transoesophageal echocardiography
MV annular dimensions:
MV area (mm?) 1355 (1192-1578)
LAI 1.19(1.11-1.28)
LAI >1.25, n (%) 28 (%)
AMVL (mm) 21.4 (18.8-25.5)
PMVL (mm) 215+5.8
AMVL area (mm?) 821 (718-942)
PMVL area (mm?) 877 (704-1120)
Prolapse depth (mm) 9 (6-11)
Prolapse volume (ml) 2.1(1.1-3.3)
Causes of MR
Prolapse without chordal rupture, n (%) 18 (%)
Chordal rupture, n (%) 82 (%)
Isolated P2 prolapse, n (%) 31 (%)
Barlow's disease, n (%) 28 (%)

AMVL, Anterior mitral valve leaflet; IQR, interquartile range; LA, left atrium; LAI,
leaflet-to-annulus index; LV, left ventricle; LVEDD, left ventricular end-diastolic
diameter; LVEDDi, left ventricular end-diastolic diameter index; LVEF, left
ventricular ejection fraction; MR, mitral regurgitation; MV, mitral valve; PMVL,
posterior mitral valve leaflet; sSPAP, systolic pulmonary artery pressure; TR,
tricuspid regurgitation.

SDilated LV was defined by LVEDDi >3.1 cm/m? in the male patients or LVEDDI
>3.2 cm/m? in female patients, according to the recommendations of the American
Society of Echocardiography and the European Association of Cardiovascular
Imaging.

The mean LVEDD and LVEDDi were 59.1+ 6.1 mm and
3.01 +0.37 cm/m?, respectively. According to the recommendations
of the American Society of Echocardiography and the European
Association of Cardiovascular Imaging, LV dilatation was defined
by LVEDDi >3.1cm/m? in males or LVEDDi >3.2 cm/m? in
females. The preoperative LV dilatation was documented in 39
subjects. The median of the leaflet-to-annulus index (LAI), proposed
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by Colli and colleagues, was 1.19 (1.11-1.28). A prognostic LAl
value of >1.25 was found in 28 patients. However, no association
between LAI >1.25 and MR recurrence was observed (P > 0.05).

3.3. Mitral valve pathology and anatomical stratification

The most common cause of MR was a chordal rupture in one of the
MV segments. The majority of the patients had pathology of the
posterior MV leaflet.

According to the location of MV pathology, all patients were
stratified into four anatomical types preoperatively (Figure 2): type A
— isolated P2 prolapse (31 patients, 31%), type B — P2 prolapse and
adjacent segment disease (48 patients, 48%), type C — isolated or bi-
leaflet prolapse with the para-commissural lesion (15 patients, 15%),
and type D —isolated A2 prolapse (6 patients, 6%).

Figure 2. Anatomic stratification of the MV by lesion location as seen in 3-
dimensional transoesophageal echocardiography in a zoomed surgical view
of the MV from atrial perspective. Type A represents isolated prolapse of
the P2 segment; type B respresents lesion of the P2 and adjacent segments;
type C represents isolated or bi-leaflet prolapse with involvement of the
para-commissural segments; type D represents isolated A2 prolapse.
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All baseline patient data were compared between the four
anatomic types (A-D). The type C patients were the oldest in the
study cohort, mean age 67.4+12.9, P=0.034. There was no
statistically significant difference in NYHA functional class,
operative risk (STS, euroSCORE Il, and MIDA), and other baseline
patient characteristics observed.

Comparing the subjects by the study era, the largest proportion
(84.8%) of the patients operated on during the period Il in the study
were men (P =0.032). The patients with a higher STS score were
treated in the last operation era; median, 0.77% (IQR, 0.49-1.39%;
P =0.016). There was no significant difference in NYHA functional
status, comorbidities, and other demographic characteristics between
the study eras.

The majority of the patients who had surgery in the study period
I and 1l was classified type B, while 55% of the patients operated on
in the study period I11 were type A (P < 0.001). The proportion of the
type C patients decreased from 20.6% in the first third of the study to
6.1% in the last third (P < 0.001), indicating that the development of
the NeoChord technology led to stricter patient selection criteria and
the avoidance of more complex MV pathology.

There was no significant difference in the proportions of
patients with a dilated LV between the study periods. LV dilatation
was revealed in 12 (35.3%), 13 (39.4%), and 14 (42.4%) patients
operated on in the study periods I, II, and Ill, respectively
(P =0.835).
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3.4. Intraoperative results
3.4.1. Concept of a successful procedure

According to the Mitral Valve Academic Research Consortium
(MVARC) recommendations, technical success was referred to as a
successful implantation of an artificial chord at the intended site of
the MV leaflet and the removal of the device without complications,
provided that the patient survived to exit from the operating room
and / or there was no need of immediate conversion to the standard
MV surgery.

MR reduction was considered optimal when post-procedure MR
was reduced to trace or absent. MR reduction was considered
acceptable when post-procedure MR was reduced by at least 1 grade
from baseline and to no more than moderate (2+) in severity. In this
study, MV repair with an acceptable result was considered a
successful procedure.

Transventricular MV repair was unsuccessful in 2 (2%) patients.

3.4.2. Transventricular MV repair

Transventricular MV repair was performed through a small left
anterolateral thoracotomy at the level of the LV apex. Two standard
purse-string sutures were placed at the entry site, which was
determined by the echocardiographic  guidance.  After
ventriculotomy, a NeoChord DS1000 device with a preloaded ePFTE
suture was inserted into the LV cavity and advanced towards the MV
plane. All manipulations using the NeoChord DS1000 device as well
as deployment of the artificial chordae to the free edge of the
prolapsing segment were performed under 2D and 3D TOE
guidance.

The number of implanted ePFTE chordae ranged from 2 to 7.
Two thirds of the patients received 3 or 4 neochordae. This number
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was assumed to be optimal for distribution of the load per artificial
chord. The median operation duration was 120 mins (IQR, 110-145).
The median count of attempts to attach the ePTFE chordae was 4
(IQR, 3-5), the median number of implanted chordae was 3 (IQR, 3—
4). In 88 patients, the artificial chordae were implanted to the free
edge of the posterior MV leaflet (PMVL) only, in 6 patients — to the
anterior MV leaflet (AMVL) only, and in 6 patients — to both the
anterior and posterior leaflets. In 82 patients, neochordae were
implanted to the P2 segment. Twelve patients with PMVL disease
received up to 3 neochordae to repair the MR.

No statistically significant difference was found between the
number of neochordae implanted in patients with acceptable long-
term repair durability and those with MR >2+ recurrence
(P =0.424). However, there was a tendency of fewer attempts
towards acceptable long-term outcomes (4 attempts vs. 5 attempts,
P =0.062), raising concerns that numerous manoeuvres in the
subvalvar apparatus may be accountable for earlier recurrence of the
MR.

The median blood loss during the surgery was 500 ml (IQR,
325-645 ml). Since the operation is performed off-pump, on the
beating heart, the blood of some patients was collected into the “Cell
Saver” system, depending on the extent of surgical bleeding. On
average, 250 mls of autologous blood was re-transfused in 47
patients.

Comparing the study parameters by anatomical types of the MV
pathology (A-D), the median attempt count per patient, the median
number of implanted chordae per patient and the median operation
time did not differ significantly, but the type C patients lost the
largest amount of blood during the surgery (median 700 ml
(IQR, 525-965); P = 0.001).

Over time, the team of surgeons and echocardiographers gained
more experience, but no change in the median operation time was
observed (P = 0.521). However, there was a significant difference in
the blood loss from 620 ml (IQR, 463-983) in the first study period
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to 400 ml (IQR, 238-500) in the last study period (Kruskal-Wallis,
¥? —16.47, P < 0.001).

On screening the operation notes and/or intraoperative
echocardiography reports, certain intraoperative technical issues
were found to have been documented in 55 patients. In order to
assess their impact on the long-term outcomes, a variable
intraoperative technical issues was added, indicating at least one or
more technical problems of the following as described in the medical
records: “the artificial chorda ruptured from the leaflet edge”; “the
neochorda was pulled out by the operator because it did not reduce
the regurgitation”; “the artificial chorda was unintentionally removed
when implanting another neochorda”; “crossing of artificial chordae
with the native chordae”; including iatrogenic damage to any MV
structure. Although rupture of the native MV chordae was
documented in 8 patients due to manipulations with the NeoChord
device, such iatrogenic lesions were repaired by implantation of
additional neochordae and the final repair result was acceptable
(MR <2+). The proportion of intraoperative technical issues and
iatrogenic lesions was similar between the three study periods
(P >0.05).

An in-depth analysis of the study variables showed that
overtensioning of the prolapsing leaflet was an independent predictor
of MR <2+ at the long-term. Nevertheless, there was a significant
reduction in the proportion of patients with overtensioned leaflets
during the three study periods: 44% vs. 39% vs. 9%, respectively
(P =0.002).

3.4.3. Intraoperative residual MR

Immediately after the NeoChord repair, a competent MV was
revealed in 37 patients, local or trivial MR was observed in 30
patients, mild (grade 1+) MR — in 24 patients, and moderate
(grade 2+) MR in 7 patients. Two patients had an unsuccessful
procedure and with residual MR greater than 2+. Reduction of MR to
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the less than 1+ (optimal outcome) was achieved in 67 patients:
83.9% of type A, 54.6% — type B, 46.7% — type C, and 50% of the
type D patients. At exit from the operating room, residual grade >1+
MR was observed in 9 patients: 2 (6.5%) of the type A patients,
4 (8.3%) type B patients, and 3 (20%) type C patients with no
statistically significant difference (P = 0.459). All type D patients
had competent MV or trivial MR after the surgery.

3.5. Early postoperative outcomes

At the early postoperative period, the median drainage was 200 mls
(IQR, 150-300). The red blood cell transfusion was required in only
5 patients (5%) and 2 (2%) were re-explored for bleeding. Median
postoperative lung ventilation time was 4 hours (IQR 3-5.6), median
ICU stay — 22 hours (IQR 21-24). The postoperative drainage was
comparable between the groups by both the pathology types (A-D)
and the operation eras (I-111) (P > 0.05).

New onset atrial fibrillation occurred in 17 (17%) patients, yet,
95% of the patients were in sinus rhythm at discharge. Two patients
underwent permanent pacemaker implantation for preoperatively
known sick sinus syndrome. An increase in creatinine by >150%
from the baseline was documented in 3 patients. One patient had a
stroke during the first postoperative day, but fully recovered during
the hospitalization. No perioperative myocardial infarction or wound
infection was reported.

Rates of postoperative complications were similar when
compared between MV pathology types and operation eras. In type C
patients, the median postoperative hospital stay was longer than in
other patients (11 vs. 8 days; P = 0.027).

At discharge, 92 patients (92%) exhibited recurrent MR 2+ or
less, 8 patients (8%) had recurrent severe MR (including 5 type C
patients), and 3 patients were re-operated.
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3.6. Late postoperative outcomes

At the end of observation, the median echocardiographic follow-up
of 49 months (IQR, 28-77) was complete for 80 patients (80%) in
the cohort.

Recurrent MR greater than 2+ was revealed in 43 patients (43%)
and repeat surgery was performed in 25 patients (25%). Median time
from transventricular repair until reoperation was 392 days (IQR,
114-801). 12 patients (12%) underwent reoperation within 6 months.

Severe MR recurred more frequently in patients with marked
preoperative symptoms (NYHA >II) (> — 4.535; P = 0.033),
increased LA and LV measurements (P < 0.001), and severe
pulmonary hypertension (P = 0.016).

3.7. Long-term durability of the repair

The overall freedom from recurrent MR greater than 2+
(device success) was 88 +3.3% at 1 month, 80+ 4% at 6 months;
decreased to 76 + 4.3%, 63.9 &+ 4.8%, and 57.9 £ 5.1% at 1, 3, and 5
years, respectively (Figure 3).

In patients with isolated P2 prolapse (type A), the estimated
freedom from recurrent MR greater than 2+ was 93.5+4.4% at
1 month, 80.6 + 7.1% at 1 year, and 67.2 + 8.5% at 2 to 7 years after
the transventricular MV repair (Figure 4, red curve).

In the type B group, device success was 91.7 + 4.0% at 1 month,
81.2+5.6% at 1 year, 72.9+6.4% at 3 years, and 66.4 + 6.9% at
5 years and remained thereafter (Figure 4, green curve).

In patients with more complex MV degeneration (type C),
recurrence of MR greater than 2+ was revealed the earliest. Device
success was only 60 + 12.7% at 1 month, 40 + 12.7% at 1 year, and
remained 13.3 + 8.8% at 5 years and until the end of follow-up in
these patients (Figure 4, blue curve).
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All six patients with isolated A2 prolapse (type D) were free
from MR greater than 2+ at 1 year after the transventricular MV
repair. Device success was 66.7 + 19.2% after 2 years and thereafter
(Figure 4, purple curve).

At 49 months, the overall device success was approximately
62% (Figure 3): 67-71% in the type A, B, and D patients,
respectively; and 20 + 10.3% in the C group (Figure 4).

all patients
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Figure 3. Estimated freedom from recurrent MR greater than 2+ after
transventricular MV repair. Black dotted line indicates that 50% of the
patients developed recurrent MR greater than 2+ at 9 years postoperatively.
MR, mitral regurgitation; MR >2+, more than moderate mitral regurgitation.
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Figure 4. Estimated freedom from recurrent MR greater than 2+ after
transventricular MV repair by MR types. Color dotted lines indicate the
95% confidence limits. MR, mitral regurgitation; MR >2+, more than
moderate mitral regurgitation.

Preoperative LV dilatation, defined as LVEDDi >3.1 cm/m? in
male patients or LVEDDi >3.2 cm/m? in females, was revealed in
39 patients (28 males, 11 females). As compared to a normal-sized
LV, dilated LV was found to be significantly associated with lower
device success rate after the transventricular repair, 61.5% vs.
31.1%; x*> — 8.96, P = 0.003). There was a statistically significant
difference in the median times from surgery to the recurrence of
MR greater than 2+ between the groups: 629 days in patients with
increased LVEDDI vs. 1939 days in patients with normal LVEDDiI
(Mann-Whitney U; P =0.006). Furthemore, the Kaplan-Meier
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analysis showed a significant difference in the long-term device
success after transventricular MV repair between the two groups
(Log rank, P <0.001) (Figure 5).

In patients with normal preoperative LVEDDI, an acceptable
durability of the repair was maintained in 88.5 + 4.1%, 80.2 = 5.1%,
and 72.0 £ 6.0% of patients at 1, 3, and 5 years, respectively. In
patients with an increased preoperative LVEDDI, the device success
was 61.5+ 7.8% at 1 year, 43.6 + 7.9% at 3 years, and 40.9 + 7.9%
at 4 years and thereafter (Figure 5).

LVEDDiI (cm/m?2) normal + increased
100% 1

75% 1

50% 1

25% 1 e

Log-rank
0% - p= 0.00044

Freedom from recurrent MR>2+, %

012 3 45 6 7 8 9 10
Follow-up (years)
Number at risk

61 63 47 41 39 32 20 24 10 &5 O

== (39 23 17 15 14 14 13 6 5 0 O

012 3 452678 910
Follow-up (years)

LVEDDI (cm/m2)

Figure 5. Estimated freedom from recurrent MR greater than 2+ after
transventricular MV repair according to LVEDDi. Color dotted lines
indicate the 95% confidence limits. LVEDDI, left ventricular end-diastolic
diameter index; MR, mitral regurgitation; MR >2+, more than moderate
mitral regurgitation.
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During the follow-up, MR greater than 2+ recurred more
frequently in patients with increased LVEDDi: in 19 patients
(31.1%) with normal preoperative LVEDDi, 12 (52.2%) with a
mildly dilated LV, 8 (66.7%) with a moderately dilated LV, and in
all 4 patients (100%) with a severely dilated LV (P =0.005)
(Figure 6).

In patients with normal LVEDDI, device success was 86.9 +
4.3% at 1 year, 78.5 = 5.3% at 3 years, and 70.3 £ 6.1% at 5 years
after the transventricular MV repair.

In patients with mildly increased LVEDDi (3.1-3.3 cm/m? in
men, 3.2-3.4 cm/m? in women), the acceptable repair durability
remained in 69.6 + 9.6% of the patients at 1 year, and in 47.8 +
10.4% at 2 years and until the end of the study period.

In patients with moderately increased LVEDDi (3.4-3.6 cm/m?
in men, 3.5-3.7 cm/m? in women), device success was 50 £ 14.4%,
41.7 = 14.2%, and 33.3 + 13.6% at 1, 3 and 4 years and until the end
of the observation, respectively.

All four patients (100%) with a severe LV dilatation
(LVEDDI >3.6 cm/m? in men, >3.7 cm/m? in women), exhibited
recurrent MR greater than 2+ earlier than in two years after the
Neochord procedure (Figure 6).
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Figure 6. Estimated freedom from recurrent MR greater than 2+ after
transventricular MV repair according to LVEDDi. A half of the patients
with abnormal LVEDDI had recurrence of severe MR within 2 years after
the surgery (black dotted lines). Color dotted lines indicate the 95%
confidence limits. LVEDDiI, left ventricular end-diastolic diameter index;
MR, mitral regurgitation; MR >2+, more than moderate mitral regurgitation.

The effect of preoperative LV dilatation (D+/-) and
intraoperative overtensioning of the repaired MV leaflet (O+/-) on
the long-term durability of transventricular MV repair was evaluated
regardless of the anatomical type of the MV pathology.

In patients with normal preoperative LVEDDi and relative
intraoperative overtensioning of the leaflet (D—/O+), device success
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was 89.5 £ 7.0%, 84.2 + 8.4%, and 78.9 + 9.4% at 1, 3, and 5 years
and thereafter, respectively. (Figure 7, green curve).

When overtensioning of the repaired leaflet was not achieved in
patients with dilated LV (D+/0O-), freedom from recurrent MR
greater than 2+ was 77.8 + 8.0% at 1 month; further decreased to
51.9 + 9.6%, 33.3+9.1%, and 254 + 8,5% at 1, 2, and 4 years,
respectively (Figure 7, blue curve).
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Figure 7. Estimated freedom from recurrent MR greater than 2+ after
transventricular MV repair. A comparison by two combined factors: LV
dilatation [D+/-] and presence or abscence of overtensioning of the repaired
leaflet [O+/-]. Color dotted lines indicate the 95% confidence limits.
LVEDDi, left ventricular end-diastolic diameter index; MR, mitral
regurgitation; MR >2+, more than moderate mitral regurgitation.
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3.8. Recurrent MR and re-do surgery

By the end of the observation, recurrent MR greater than 2+ was
revealed in 43 patients: 12 (27.9%), 16 (37.2%), 13 (86.7%), and 2
(33.3%) patients of the type A, B, C, and D group, respectively.
There were 26 repeat operations performed in 25 patients (25%),
including 18 patients (72%) of both type A and B. Eighteen (69.2%)
patients underwent a conventional MV repair, 3 (11.5%) -
neochordal length readjustment, 2 (7.7%) had a redo transventricular
MYV repair, and 3 patients (11.5%) had MV replacement (Table 4).

Table 4. Reinterventions after transventricular mitral valve repair

Reoperation, n = 26 n (%)
MV repair 18 (69.2 %)
MYV replacement 3 (11.5 %)
Readjustment of neochordal length 3 (11.5 %)
Re-do transventricular repair 2 (7.7 %)
No intervention 18 (41.9 %)

MV, Mitral valve.

3.9. Causes of the MR recurrence and reoperations

The causes of recurrent MR greater than 2+ were determined based
on echocardiographic data and/or intraoperative findings. More than
one failure mechanism was reported in 12 patients (28%) (Table 5).

Relative elongation of the artificial chordae was the most
common etiology of severe recurrent MR and was reported in 18
(41.9%) patients. There was a rupture of the native chordae also
detected in three patients; thus, it remains unclear which mechanism
was primary. Three patients underwent a subsequent transventricular
length readjustment of the neochordae (followed by further
conventional MV repair in 1 patient). Six patients had a conventional
MYV repair.
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Fifteen (34.9%) patients were found to have ruptured native
chordae, predominantly those of the anterior MV leaflet (67%). This
may have occurred spontaneously or have been induced by
mechanical interactions with the artificial chordae. Six patients
(40%) underwent MV repair, 2 patients (13%) had a redo
transventricular repair with artificial neochordae, and 3 patients
(20%) underwent MV replacement.

Rupture of the artificial neochordae was seen in 14 (32.6%)
patients, both in the middle part and at the level of the apex of the
ventricle. Mechanical damage of the neochordae during the
implantation is the most likely mechanism. Four patients underwent
MV repair. Leaflet restriction caused a recurrent MR in two patients
(4.7%).

Table 5. Mechanism of MR recurrence

Mechanism of recurrent MR greater than 2+ n (%)
Elongation of artificial chordae 18 (41.9%)
Rupture of native chordae 15 (34.9%)
Rupture of artificial chordae 14 (32.6%)
Leaflet restriction 2 (4.7%)
Residual MR greater than 2+ 1(2.3%)

MV, Mitral valve; MR, mitral regurgitation.

3.10. Mortality and causes of death

Survival data were available from 101 patients including the single
patient who died on postoperative day 2 due to bleeding-related
cardiac tamponade. Overall survival was 98 + 1.4%, 96 + 1.9%,
92.8+2.6%, and 90.6 £ 3.0% at 1, 2, 3, and 5 years, respectively
(Figure 8). The actuarial survival was 84.2% at the end of the
observation.
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Sixteen patients (15.8%) died during the follow-up period:
4 patients of the type A, 3 —type B, 7 —type C, and 2 — type D. Nine
patients (56.3%) died of cardiac causes, 7 (43.7%) due to non-
cardiac. Before death, 5 patients had MR <2+ and 11 had recurrent
MR greater than 2+ (four of these patients had undergone
conventional MV re-repair).

All patients
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Figure 8. Overall survival after transventricular MV repair. Eighty-four
percent of the patients treated in the study were alive at the end of the
observation period.

According to the Kaplan-Meier analysis, 6-year survival was
100% in the group B patients, 88.5 + 6.3% in the group A,
60 + 12.7% in the group C, and 64.3 + 21.0% in the group D. The
best overall 9-year survival was in the anatomical type A and B
groups, 78.7 + 10.8% and 88.4 + 6.5%, respectively (Figure 9).
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Figure 9. Survival after the transventricular MV repair by MV pathology.
The 4-year reoperation-free survival was 86%, 84% and 80% in the type A,
B, and D groups, respectively. Freedom from reoperation and death was
only 56% in patients with the leaflet pathology and paracommissural lesions
(type C). Color dotted lines indicate the 95% confidence limits (N = 101,
including the single patient who died of cardiac tamponade on postoperative
day 2). MR, Mitral regurgitation.
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3.11. Probability of recurrent MR greater than 2+

To investigate the probability of exhibiting recurrent MR greater
than 2+ over time, while accounting for the correlation in serial
echocardiographic MR measurements, a mixed-effects continuation
ratio model was used. Covariates significantly associated with
increasing grade of recurrent MR were longer time since the repair
(P <0.001), greater preoperative LVEDD (P =0.004), and both
anatomic type B (P =0.012) and type C (P <0.001). Type A was a
reference in the model. The probability of a particular recurrent MR
grade at a particular time after the transventricular MV repair for
patients with preoperative LVEDD at values of 50, 60, and 70 mm is
plotted in Figure 10. As shown, the probability of postoperative MR
progression was higher in patients with greater preoperative
LVEDD. Patients with isolated P2 prolapse (type A) had the lowest
probability of the repair failure. In type B pathology, MR was
demonstrated to progress more rapidly than in the type A patients.
Patients with the leaflet and paracommissural disease (type C)
demonstrated the highest progression rate earlier in the observation
period (Figure 10).
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Figure 10. Marginal probabilities from the mixed-effects continuation ratio model for MR. Profiles
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represent association

between different anatomic types of the MV lesion (A-D); preoperative LVEDD at values of 50, 60, and 70 mm; and
probability of postoperative MR progression over time. In this study, probability of postoperative MR progression was
higher in patients with greater preoperative LVEDD and type C pathology (P < 0.05). LVEDD, left ventricular end-diastolic
diameter; MR, mitral regurgitation.
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When the preoperative LVEDD was 59 mm (median), the
probability of recurrent MR>2+ at 10 years was approximately 20%
in patients of anatomical types A and D (Figure 11, panels A and D),
about 40% in the type B patients (Figure 11, panel B), and about
80% in the type C patients (Figure 11, panel C). In type C patients
with preoperative LVEDD of 59 mm, the probability of recurrent
severe MR at 4 years was approximately 40% (Figure 11, panel C).
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Figure 11. Marginal probabilities from the mixed-effects continuation ratio
model for MR. Profiles represent association between different anatomic
types of the MV lesion (A-D); preoperative LVEDD at 59 mm (median);
and probability of postoperative MR progression over time. Type C patients
had the highest probability of recurrent MR>2+ earlier in the follow-up.
LVEDD, left ventricular end-diastolic diameter; MR, mitral regurgitation.

The analysis of prognostic factors for recurrent MR>2+ was
performed in accordance with the methodological recommendations
for regression analysis. Significant variables were first screened
using the univariate Cox regression. Statistically significant variables
that met the hazard proportionality assumption over the observation
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period were included in the multivariate Cox regression analysis. Of
the fitted regression models, one model explained 58% of the study
data and was the most appropriate for this study. Independent
significant variables were identified and to reliably predict the
progression of MR and the recurrence of MR >2+ in the late
postoperative period after the transventricular MV repair.

Recurrence of MR greater than 2+ was strongly predicted by
preoperative LV dilatation (increased LVEDDI) (HR, 2.17; 95% ClI,
1.09-4.30; P =0.027), severe pulmonary hypertension (HR, 2.67;
95% Cl, 1.24-5.77; P =0.012), and the type C pathology (HR, 2.79;
95% CI, 1.21-6.43; P =0.016). The risk of MR recurrence was
increased twice in patients with documented intraoperative technical
issues (HR, 2.03; 95% CI, 1.03-4.03; P =0.04). Intraoperative
overtensioning of the repaired leaflet resulted in 67% lower rate of
recurrent MR >2+ at the long-term (HR, 0.33; 95% ClI, 0.14-0.76;
P =0.009).

4. DISCUSSION

Conventional MV repair has been established as a gold standard to
treat degenerative mitral regurgitation. Since the 1980s, the use of
ePTFE artificial chordae has become a standard tool in modern
cardiac surgery and is one of the most commonly used components
of the repair nowadays. MV repair using artificial chordae is
associated with good long-term durability and good hemodynamic
parameters of the reconstructed valve. In literature, the reported
freedom from recurrent moderate or severe MR after conventional
MV repair varies between 71% and 81% at 10 years. In a large long-
term study by David et al., the probability of recurrent moderate or
severe MR was 12.5% at 20 years.

In recent years, the NeoChord technology has emerged and
successfully complemented the list of safe and reproducible surgical
techniques. Moreover, it has received approval from the United
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States Food and Drug Administration (FDA) and subjects are being
enrolled in the ReChord (Randomized Trial of the NeoChord™
DS1000™ System Versus Open Surgical Repair) prospective,
multicenter, randomized clinical trial  (ClinicalTrials.gov
NCT02803957) which is expected to prove whether or not ring
annuloplasty is imperative for durable long-term mitral repair as
opposed to neochordae alone.

To date, the transventricular NeoChord procedure has been
successfully performed in over 1,500 patients in Europe and the U.S.
respectively. Vast majority of publications on transventricular MV
repair present intraoperative and early postoperative results only. No
long-term durability data of transventricular MV repair are available
as yet.

In 2018, Colli et al. reported overall survival of 98 + 1% from
the early European experience with a follow-up to 1 year. Overall
composite endpoint, including freedom from recurrent severe MR,
was achieved in 84 + 2.5% patients and in 94 + 2.6%, 82.6 + 3.8%
and 63.6 + 8.4% in type A, type B and type C patients, respectively
(P < 0.001). Such findings, in line with our results, suggest a high
rate of MR recurrence in patients with a complex mitral valve
disease. Recently, Kiefer et al. has reported 50% durability of
transventricular MV repair with only mild to moderate recurrent MR
in a small cohort of 6 patients at 5-year follow-up.

Similarly, our study demonstrated an overall 57% freedom from
recurrent severe MR at 49 months after the NeoChord procedure.
The operator learning curve had no impact on the long-term
outcomes. Patients with isolated or bi-leaflet prolapse and
paracommissural disease (type C) had a two-fold higher risk of
developing recurrent MR >2+ than the patients with isolated P2
prolapse (type A). Complex mitral valve pathology and dilated left
ventricle significantly increased the risk of MR progression over
time.

Transventricular MV repair may be an initially safe method of
treatment of degenerative mitral regurgitation characterized by the
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low incidence of postoperative adverse events in the early
postoperative period. Initial technical success was possible but the
four-year durability was poor. Patients with isolated or bi-leaflet
prolapse and normal LV end-diastolic diameter had the lowest
probability of MR progression. Patients with degenerative disease
more than P2 prolapse and dilated left ventricle are at high risk of
early MR recurrence after the transventricular MV repair.

5. FINDINGS

1. Acceptable long-term durability of transventricular MV repair
was observed in 80% of the patients with normal preoperative
LVEDD:i and relative intraoperative overtension of the leaflet by
artificial chordae.

2. At 49 months, recurrent MR greater than 2+ was observed in
29% of the group B patients, 33% of group A and D patients, and
80% of the group C patients. The most common causes of
recurrent MR were relative elongation of neochordae, rupture of
native chordae, and rupture of artificial chordae.

3. The probability of MR recurrence at 10 years after the Neochord
procedure is less than 20% in patients with isolated leaflet
prolapse and/or pathology of the adjacent segments (types A, B
and D), and approximately 80% in patients with complex MV
disease (type C). Patients with LV dilatation and advanced MV
degeneration are the most likely to develop recurrence of
MR>2+ early after the transventricular repair.

4. Prognostic risk factors for recurrent MR >2+ include
preoperative dilatation of the left-sided cardiac chambers (LA
and LV), severe pulmonary hypertension, complex MV
degeneration (type C), abscence of overtensioning of the leaflet,
and presence of intraoperative technical issues.
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In the study cohort, the overall survival of the patients was 84%.

No impact of operator learning curve and sonographer
experience on the long-term outcomes was observed. There were
less patients with complex MV degeneration undergoing the
NeoChord procedure in the last third of the study. Despite that,
the refinements of the surgical technique and patient selection
criteria remained insufficient.

6. PRACTICAL RECOMMENDATIONS

Since the transventricular MV repair is associated with a high
rate of recurrent MR at long-term, young patients with complex
MV degeneration and low operative risk (STS score or
euroScore 1) should not undergo Neochord repair.

Less invasive transventricular MV repair using the NeoChord
DS1000 device may be a procedure of choice in the elderly
patients with severe degenerative MR who are deemed too risky
for conventional MV surgery.

Besides the leaflet involvement of MR, refinements of patient
selection criteria for transventricular MV repair should take into
consideration NYHA functional class, LV size, and pulmonary
artery systolic pressure. Patients with more advanced MV
degeneration (type C pathology), enlargement of the left-sided
cardiac chambers, and severe pulmonary hypertension should not
be considered for the Neochord procedure. A combination of
several factors, including preoperative NYHA functional
class >11, increases the risk of recurrent MR postoperatively.

Intraoperative overtensioning of the repaired leaflet is necessary
to prevent prolongation of the artificial chordae and MR>2+
recurrence considering the reverse remodeling of the LV after
the surgery.
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SUMMARY IN LITHUANIAN

Santrauka
I[VADAS
TIRTAMOJI PROBLEMA, DARBO AKTUALUMAS IR REIKSME

Mitralinio voztuvo (MV) nesandarumas yra viena i§ daZniausiy
Sirdies voztuvy ydy iSsivysCiusiose Salyse, nustatoma 2-4 %
populiacijos. Framinghamo Sirdies studijos duomenimis, i§ daugiau
kaip 3500 j tyrimg jtraukty asmeny 19 % buvo nustatytas MV
nesandarumas (MVN). Europoje MV nesandarumas yra antra
dazniausia chirurgiskai gydoma S$irdies voztuvy yda po aortos
voztuvo stenozés. MVN paplitimas tarp vyresniy nei 75 mety
amziaus asmeny siekia daugiau kaip 10 % ir tarp ly¢iy nesiskiria.

Degeneracinés kilmés nesandarumas sudaro 60-70 % visy
MVN atvejy iSsivys¢iusiose Salyse. Pagrindinis nesandarumo
mechanizmas yra MV buriy ir povoZtuvinio aparato morfologiniai
pakitimai, dél kuriy atsiranda buriy prolapsas arba pailgéja ar
nutruksta natyvinés voztuvo chordos. Atsiradus MV nesandarumui,
ilga laikg pacientas gali nejausti jokiy simptomy, o Sirdis i$ kairiojo
skilvelio (KS) j kairjjj priesirdj (KP) grjztantj regurgitacinj kraujo
turj kompensuoja KP padidéjimu. Progresuojant ydai, atsiranda KS
perkrovos pozymiy, vystosi KS sistoline disfunkcija. Nustacius
didelio laipsnio MV nesandaruma, reikSmingai pablogéja ligonio
gyvenimo kokybé¢ ir prognozé: apie 90 % pacienty mirsta arba yra
operuojami per 10 mety nuo diagnozés nustatymo.

Siekiant uzkirsti kelig Sirdies nepakankamumui ir iSvengti
mirties, MV nesandaruma biitina anksti diagnozuoti ir gydyti. Todél
kuriami dirbtinio intelekto algoritmai, kurie greiciau ir tiksliau, nei
leidzia Zzmogaus galimybés, geba atpazinti Sirdies @izesius, 95-99 %
tikslumu nustato MVN laipsnj pagal echokardiografijos duomenis ir
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prognozuoja MVN iSsivystymo rizikg pagal elektrokardiografinius
matavimus.

MYV degeneracija yra dazniausia indikacija chirurginiam MVN
gydymui. Klasikiné MV plastika yra pripazinta ,,auksiniu standartu®.
Iki Siol placiai taikomus tris efektyvios MV plastikos principus dar
1983 m. aprasé A. Carpentier: 1) iSsaugoti arba atkurti burés
judruma, 2) atkurti didelj buriy koaptacijos plota, 3) stabilizuoti MV
angos plotg. Standartiné MV plastika yra invaziné procedira, Kkai
darant  viduring  sternotomijag  kaniuliuojamos  stambiosios
kraujagyslés, naudojama dirbtiné kraujo apytaka (DKA),
kardioplegija, perspaudziama aorta, daromas priesirdzio pjtvis ir tik
tada, vizualizavus dviburj voztuvg, atliekami visi reikalingi
chirurginiai veiksmai voztuvo sandarumui atkurti. Su standartinés
MV plastikos metu naudojama DKA ir kardioplegija susijusi
pooperaciniy komplikacijy rizika yra gerai zinoma. Vis délto
klasikiné MV plastika islieka pirmo pasirinkimo operacija, Kkai ji
techniskai jmanoma ir kai galima tikétis gero ilgalaikio rezultato.

Per paskutinj deSimtmetj MV chirurgijos arsenalg papildé
naujos minimaliai invazinés transventrikulinés, perkateterinés ir
transseptalinés MV plastikos technologijos. Vienas i§ pagrindiniy Siy
technologijy privalumy yra tai, kad operacijos atlickamos
fiziologinémis salygomis Sirdziai ir esant jprastam Sirdies ertmiy
uzpildymui krauju. Pazengusiems degeneraciniams MV procesams
(buriy kalcinozé, ziedo dilatacija ar morfologiskai sudétinga
degeneraciné yda) perkateterinis gydymas netinka, todél jis skinasi
kelig gydant pacientus, kuriy yda yra ankstyvy stadijy.

2009 m. G. Speziali su kolegomis eksperimentiniame in vivo
modelyje pasitilé alternatyvy, maziau invazinj MV plastikos metoda,
nenaudojant DKA. Po keleriy mety transventrikulineé MV
rekonstrukcija prietaisu ,,NeoChord DS1000“ buvo pristatyta kaip
minimaliai invaziné technologija, skirta degeneracinés kilmés didelio
laipsnio MV nesandarumui gydyti, kai nustatytas MV buriy
prolapsas ar plevésuojanti buré su plySusiomis arba neplySusiomis
natyvinémis chordomis. Operacija atlickama padarius nedidelj pjtvj
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krutinés lastoje. Per anterolateraling KS sienele netoli Sirdies
vir§tnés | laisvajj prolabuojancios MV burés krasta, taikant realaus
laiko 3D transezofaginés echokardiografijos (TEE) kontrole, yra
implantuojama dirbtiné ePTFE chorda (neochorda). [tempus
neochordg ir 3D TEE patvirtinus gerg procediiros efekta, kitas jos
galas pritvirtinamas prie Sirdies vir$iinés ir taip atkuriamas MV
sandarumas. Operacija atliekama plakant Sirdziai ir nenaudojant
DKA. Sios technologijos saugumas ir efektyvumas gydant atrinktus
ligonius, turin€ius MV degeneracija (prolapsa), buvo ne karta
jrodytas klinikiniais tyrimais. Geri ankstyvieji pooperaciniai
rezultatai ,,Neochord“ operacijos pradininkams teiké vil¢iy ir skatino
galvoti apie MV chirurgijos revoliucija, 0 2012 m. iai technologijai
suteiktas CE zenklinimas leido pradéti ne vieng klinikinj tyrima
Europoje.

Pastaraisiais metais transventrikulinés MV plastikos tema buvo
nagrinéta ir kolegy i§ Vilniaus universiteto Medicinos fakulteto
Sirdies ir kraujagysliy ligy klinikos. Apgintos dvi daktaro
disertacijos.

2018 m. A. Lipnevic¢ius apgyné daktaro disertacijg lygindamas
transventrikulinés MV plastikos prietaisu ,,NeoChord DS1000*
(n =91) ir klasikinés plastikos per sternotomija (n = 108) rezultatus.
Po transventrikulinés operacijos buvo maziau komplikacijy, taciau
vélesnio laikotarpio stebéjimai atskleidé reikSmingai prastesnj
transapikalinés plastikos rezultata, palyginti su klasikine MV
rekonstrukcija. Padaryta isvada, kad geriausi ,,Neochord*“ operacijy
rezultatai buvo izoliuoto P2 prolapso pacienty grupéje, 0
sudétingesnés kompleksinés patologijos MV nesandarumas Siuo
budu neturéty buti gydomas. Buvo pateikta atsinaujinusio MVN
priezas¢iy analizé. PaaiSkéjo, kad dazniausiai MVN atsinaujinimg
lemia dirbtiniy ir natyviniy chordy plySimas ir santykinis neochordy
pailgéjimas.

2020 m. A. Drasutiené apgyné daktaro disertacija nagrinédama
echokardiografinius Sirdies remodeliacijos parametrus. Disertanté
parodé, kad po sékmingos transventrikulinés dirbtiniy chordy
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implantavimo operacijos nustatomi reikSmingi griztamosios KS ir
KP remodeliacijos parametrai. PrieSoperaciniai echokardiografiniai
KS ir KP remodeliacijos bei buriy restrikcijos pozymiai, padidéjes
MV 7ziedo diametras didina atsinaujinancio sunkaus pooperacinio
MYV nesandarumo rizika, dél to biitina detali prieSoperaciné ligoniy
atranka.

Nors abu disertantai konstatavo, kad sékminga transventrikuliné
dirbtiniy chordy implantavimo operacija yra saugus ir efektyvus
degeneracinés kilmés MVN gydymo metodas atrinktiems ligoniams,
vidutinés trukmés tyrimai rodo, kad bégant laikui atsinaujinancio
MV nesandarumo tik daugéja. Duomeny apie ilgalaikj §io gydymo
efektyvuma néra.

TYRIMO TIKSLAS

Ivertinti transventrikulinés MV plastikos, naudojant dirbtiniy chordy
jiterpimo sistema ,,NeoChord DS1000“, efektyvuma atokiuoju
pooperaciniu laikotarpiu, gydant didelio laipsnio degeneracinés
kilmés MV nesandaruma, ir nustatyti atsinaujinusio MVN prieZastis
bei prognostinius rizikos veiksnius.

TYRIMO UZDAVINIAI

1. Jvertinti atokiuosius transventrikulines MV plastikos,
naudojant ,,NeoChord DS1000 sistema, rezultatus;

2. Nustatyti atsinaujinusio > 2+ laipsnio MVN daznj ir
prieZastis;

3. Apskaiiuoti MVN  progresavimo  tikimybe  po
transventrikulinés MV plastikos;

4. Nustatyti > 2+ laipsnio MVN atsinaujinimo prognostinius
rizikos veiksnius;
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5. Jvertinti ligoniy iSgyvenamuma po transventrikulinés MV
plastikos;

6. Nustatyti chirurginés komandos patirties jtakg atokiesiems
rezultatams.

DARBO NAUJUMAS

MYV plastika atlickant sternotomijg DKA ir kardioplegijos sglygomis
yra laikoma ,,aukso standartu® Sirdies voztuvy chirurgijoje ir yra | B
klasés rekomendacija reikSmingam degeneracinés kilmés MV
nesandarumui gydyti. Pastaraisiais metais, siekiant sumazinti
chirurginés operacijos trauma, sutrumpinti ligonio hospitalizacijos ir
nedarbingumo laikotarpj, yra aktyviai kuriamos, tobulinamos ir }
klinikine praktika diegiamos naujos maziau invazinés chirurginés
technikos, transventrikulings ir perkateterinés metodikos. Vienas i§
tokiy naujovisky gydymo metody yra transventrikuliné MV plastika,
naudojant dirbtiniy chordy jterpimo sistemg ,,NeoChord DS1000*.

,NeoChord DS1000“ — tai unikalus chirurginis instrumentas,
vienkartinis rankinis prietaisas, kuriuo plakancios Sirdies salygomis |
prolabuojantj MV burés segmenta maZiau invaziniu budu yra
jterpiama ,,dirbtiné chorda“ arba neochorda, nuo 1980 mety
praktikoje naudojamas iSpléstinio politetrafluoretileno  (angl.
expanded polytetrafluorethylene, ePTFE) sitilas. Neochordomis
pakei¢iamos pailgéjusios ar nutrikusios natyvinés chordos ir taip
atkuriama normali voZtuvo anatomija bei funkcija. MV ydos
korekcija ,,NeoChord DS1000 prietaisu atliekama per maza kairiajg
Sonine torakotomija. Sis gydymo metodas gali biiti taikomas, kai yra
nustatyta degeneraciné MV liga ir MV burés prolapsas dél
pailgéjusiy arba nutriikusiy natyviniy chordy. Kadangi operacija yra
atliekama be DKA ir Kkardioplegijos, iSvengiama susijusiy
pooperaciniy komplikacijy.

Pasaulyje transventrikulinés MV plastikos operacijos naudojant
,NeoChord DS1000* atlickamos nuo 2009 m. Sis prietaisas buvo
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jvertintas kaip atitinkantis aukstus saugos, sveikatos ir aplinkos
apsaugos reikalavimus ir tinkamas naudoti medicinos praktikoje.
2012 m. gruodzio 21 d. jam suteiktas CE sertifikatas. Siuo metu
pasaulyje yra atlikta daugiau kaip 1500 transventrikulinés MV
plastikos operacijy. Jos yra atlickamos daugiau kaip 25 Salyse,
daugiausia Italijoje, Lietuvoje, Pranctzijoje, JAV.

Lietuvoje transventrikuliné MV plastika Vilniaus universiteto
ligoninéje Santaros klinikose (VULSK) yra atliekama nuo 2011 m.
gruodzio mén. Per deSimtmetj VULSK atlikta 115 tokiy operacijy.
Tyrimo centras dalyvavo prietaiso ,NeoChord DS1000*
klinikiniuose tyrimuose TACT, TACT-R, yra jtrauktas j §iuo metu
vykdoma daugiacentrj ,,NeoChord DS1000* sistemos stebésenos po
pateikimo ] rinka registra ,,AcChord“. Tyrimo centre sukaupta
nemaza patirtis, taciau iki Siol nei Lietuvoje, nei kitur pasaulyje
tyrimas, vertinantis ilgalaikj transventrikulinés MV plastikos
efektyvuma, nebuvo atliktas.

Literatiiroje yra daugiausia publikuota duomeny apie
transventrikulinés MV plastikos rezultatus ankstyvuoju pooperaciniu
laikotarpiu (30 dieny po operacijos). Keli darbai pateikia 1-2 mety
pooperacinio sekimo duomenis. Kiefer ir bendraautoriy publikacijoje
aprasyti 5 mety rezultatai, taciau analizuoti vos 6 ligoniy duomenys.
Siuo metu didesnés imties ilgalaikio transventrikulinés MV plastikos
efektyvumo tyrimy literatiiroje néra.

PRAKTINE DARBO REIKSME

Sis kohortinis stebésenos tyrimas buvo atliktas tesiant ankséiau
VULSK pradétus transventrikulinés MV plastikos mokslinius darbus
ir siekiant medicinos moksla papildyti naujais duomenimis apie
ilgalaikius  operacijy rezultatus. Jvertinti atokiis rezultatai,
atsinaujinusio > 2+ laipsnio MVVN daznis bei priezastys. Tyrimas yra
svarbus ir aktualus dél keliy priezasciy:
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1. Pasaulyje ,,Neochord“ operacijos yra atliekamos nuo 2012 m.,
bet literatiroje triksta duomeny apie $io gydymo efektyvuma
ir pacienty iSgyvenamumga vélyvuoju pooperaciniu laikotarpiu.

2. VULSK siuo metodu operuoty ligoniy kohorta viename centre
yra viena didZiausiy pasaulyje, todél buvo labai svarbu testi Siy
ligoniy stebéseng.

3. Remiantis ilgalaikés stebésenos tyrimo i§vadomis, numatyta
tikslinti ligoniy atrankos kriterijus ir teikti praktines
rekomendacijas.

TIRIAMIEJI IR TYRIMO METODAI

Sis stebésenos tyrimas atliktas 2018-2021 m. Vilniaus universiteto
ligoningje Santaros klinikose. Tyrimui atlikti buvo gautas Vilniaus
regioninio  biomedicininiy tyrimy etikos komiteto leidimas
Nr. 2021/9-1382-852.

I tyrima jtraukta 100 suaugusiyjy (= 18 mety amziaus), kuriems
dél MV degeneracijos ir didelio laipsnio (> 2+) nesandarumo nuo
2012 m. sausio 1 d. iki 2019 m. gruodzio 31d. buvo atlikta
minimaliai invaziné transventrikuliné MYV plastika naudojant
dirbtiniy chordy jterpimo sistemg ,,NeoChord DS1000“ ir kurie
sutiko dalyvauti tyrime bei pasiras¢ informuoto asmens sutikima.
Visiems prie§ operacijg atlikta transtorakaliné ir 2D /3D
transezofaginé  echokardiografija ir nustatytos indikacijos
chirurgiskai gydyti MV nesandaruma pagal galiojan¢ias ACC / AHA
ir ESC / EACTS rekomendacijas.

Transventrikulinei ,,Neochord plastikai buvo selektyviai
atrinkti ligoniai, kuriems echokardiografiskai nustatytas Carpentier
Il tipo MV nesandarumas. Ligoniy jtraukimo ir nejtraukimo j tyrima
kriterijai buvo suformuluoti remiantis ,,NeoChord DS1000* sistemos
Naudotojo vadove pateiktomis indikacijomis ir kontraindikacijomis.
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Itraukimo kriterijai:

1. Priekinés, uzpakalinés arba abiejy MV buriy prolapsas
arba plevésuojanti buré esant chordos plySimui ar be jo.

2. Vidutinio-didelio (3+) arba didelio (4+) laipsnio MVN.

Nustatytos indikacijos chirurginei MV plastikai (26).

4. KSIF > 25 %.

w

Nejtraukimo Kkriterijai:

1. Ryski MV kalcinozé.

2. Ryski MV buriy restrikcija dél reumato ar
kardiomiopatijos

3. ISeminés ar infekcinés kilmés MV nesandarumas.

Ryski KS sistoliné disfunkcija (KSIF < 25 %).

5. Centriné regurgitacijos sroveé.

E

Itraukty | tyrima pacienty sveikatos duomenys buvo
nuasmeninti ir kaupiami specialiai tyrimui sukurtoje duomeny
bazéje. Duomenys rinkti i§ VULSK elektroninés ligos istorijos,
ambulatorinio steb&jimo korteliy, ligonio medicininiy dokumenty po
jprastiniy apsilankymy, e. sveikatos portalo. Pooperacinis stebéjimas
ir duomeny rinkimas baigtas 2021 m. gruodzio 31 d.

Mirusiy ligoniy mirties data ir priezastys buvo nustatytos
remiantis prieinamy medicininiy mirties liudijimy jrasais. Trukstami
duomenys apie mirties priezastis, vadovaujantis galiojanciais
duomeny apsaugos teisés aktais, buvo gauti i§ Higienos instituto
Mirties atvejy ir jy priezasciy stebésenos registro.

Penki pacientai turéjo MV anuloplastikos zieda in situ; jiems dél
MYV degeneracijos anks¢iau buvo atlikta klasikiné MV plastika,
darant sternotomijg. Penkiems ligoniams ,,Neochord“ operacija
atlikta dél @iminio iSeminés kilmés didelio laipsnio MVN, po
transmuralinio miokardo infarkto nuplySus papiliariniam raumeniui.
Keturiems ligoniams ,,Neochord“ plastika nepavyko dél techniniy
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priezasciy (implantuotos neochordos iSplySo i§ burés krasto, buvo
perforuota MV buré, kraujavo i$ prietaiso jstimimo vietos, kt.), todél
tos pacios operacijos metu buvo atlikta konversija ir MV
rekonstrukcija standartiniu bidu. Vienas ligonis, kuriam ,,Neochord*
plastika buvo atlikta dél izoliuoto PMVB vidurinio (A2) segmento
prolapso ir kuriam po operacijos MV buvo visiskai sandarus, miré
antra parg po operacijos dél kraujavimo ir §irdies tamponados. Sie 15
ligoniy j iSilginés stebésenos duomeny analiz¢ nepateko.

Siekiant nustatyti transventrikulinés MV plastikos efektyvumo
skirtumus, tiriamieji duomeny analizés etape buvo suskirstyti |
grupes pagal:

1) MV patologijos anatominj tipa [A-D], t.y. anatominius
degeneracinés MV patologijos ypatumus ir paZeidimo
lokalizacija, nustatytus atliekant echokardiografijos tyrima prie§
operacija;

2) KS dydj prie§ operacija: dilatuotas KS = (vyry
KSGDDi > 3,1 cm/m?2, motery > 3,2 cm/m?) vs normalaus dydZio
KS;

3) transventrikulinés MV plastikos laikotarpj [I-IIl], t.y. visa
tiriamyjy imtj, suskirscius j tris tolygias grupes, siekiant jvertinti
chirurginés komandos patirties jtaka ankstyviesiems ir
vélyviesiems gydymo rezultatams;

4) liekamajji MVN po operacijos;

5) taisytos burés intraoperacinj pertempima: buvo vs nebuvo;

6) simptomus, atsiZzvelgiant ] NYHA funkcing klase prie$ operacija:
rySkiis simptomai (NYHA > 1I) vs simptomy néra arba neryskis
(NYHA < 11);

7) kitus morfologinius S$irdies ir MV parametrus, nustatytus
atliekant Sirdies echoskopijos tyrima prie$ operacija:

= i§pléstas MV ziedas Vs neiSpléstas ziedas;
= SPAP >55 mmHg vs sSPAP < 55 mmHg;
= LAI>1,25vs LAI <1,25.
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Visiems ligoniams standartine metodika atlikta minimaliai
invaziné transventrikuliné MV plastika be DKA ir implantuotos
dirbtinés ePTFE neochordos. Visas operacijas atliko ta pati chirurgy
komanda, kurig sudaré du pagrindiniai chirurgai ir 1-2 asistentai.

Klinikiniai duomenys buvo periodiskai renkami, o MV funkcija
jvertinama echokardiografiskai po operacijos pra¢jus ménesiui, tada
SeSiems, toliau — kas metus. Pooperacinis stebéjimas ir duomeny
rinkimas baigtas 2021 m. gruodzio 31 d. Stebéjimas laikytas daliniu,
jeigu tiriamasis praleido du paskutinius ar daugiau kontroliniy vizity.

Techniné procediiros s€¢kmé buvo nustatyta remiantis Mitralinio
voztuvo akademiniy tyrimy konsorciumo (angl. Mitral Valve
Academic Research Consortium, MVARC) rekomendacijomis.
Siame tyrime technine procediros sékme buvo jvardyta sékmingas
dirbtiniy chordy implantavimas prietaisu ,,NeoChord DS1000*
numatytoje burés vietoje ir MVN sumazinimas iki < 2+ laipsnio.

Intraoperacinis rezultatas po ,,Neochord“ operacijos buvo
iSreikstas liekamojo MV nesandarumo laipsniu iskart po operacijos ir
lickamojo nesandarumo dazniu. Tyrimo laikotarpiu vertintas
transventrikulinés MV plastikos ilgalaikis efektyvumas, isreikstas
atsinaujinusio reik§Smingo (> 2+ laipsnio) MVN dazniu, pakartotiniy
MYV intervencijy, didziyjy nepageidaujamy kardiovaskuliniy jvykiy
dazniu, ligoniy mirStamumo rodikliais. Ilgalaikiam procediros
saugumui ir efektyvumui apibrézti pasirinktos pirminés ir antrinés
vertinamosios baigtys, remiantis MVARC kriterijais.
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STATISTINE ANALIZE

Statistiné duomeny analizé atlikta naudojant duomeny kaupimo ir
analizés programos paketa ,,SPSS 22.0¢ (IBM Corp, Armonk,
Niujorkas, JAV). Sudétinga iSilginés stebésenos duomeny analizé
atlikta statistinés analizés programa ,,R“ (versija 4.0.3, R Foundation
for Statistical Computing, Viena, Austrija).

Kiekybiniy tolydziyjy duomeny normalumui jvertinti naudotos
histogramos, statiakampés diagramos ir Sapiro-Vilko (angl. Shapiro-
Wilk) kriterijus (p > 0,05). Pagal normalyjj skirstinj pasiskirstg
tolydieji dydziai iSreikSti vidurkiu + standartiniu nuokrypiu,
vidutinés §iy duomeny reikSmés tarp grupiy lygintos taikant
Stjudento t-testg nepriklausomoms imtims. Vidurkiams tarp daugiau
nei dviejy grupiy lyginti naudota vieno faktoriaus dispersiné analizé
(ANOVA), duomenis koreguojant Bonferonio metodu. Kiekybiniai
rodikliai, kuriy reikSmés nepasiskirsciusios pagal normalyjj skirstinj,
iSreiksti mediana ir kvartiliy intervalu ir lyginti taikant neparametrinj
Mano-Vitnio U kriterijy (angl. Mann-Whitney U). Kategoriniai
duomenys isreiksti procentais. Kategoriniai kintamieji tarp grupiy
lyginti pagal y*> arba tikslyjj FiSerio kriterijy (angl. Fisher's exact
test).

Transventrikulinés MV plastikos rezultatai ir iSgyvenamumas
apskaiCiuoti atlikus Kaplano-Mejerio (angl. Kaplan-Meier) analizg.
Skirtumai tarp grupiy lyginti taikant logranginj kriterijy (angl. Log
Rank test). Cenziiruoti duomenys rodo stebéjima baigusius ligonius.
Didesnio nei vidutinio (> 2+) laipsnio MV nesandarumui atsinaujinti
reikSmingi rodikliai buvo identifikuoti, atlikus vienalypés Kokso
regresijos  (angl.  Cox  regression)  analiz¢.  Patikrinta
multikolinearumo problema. StatistiS8kai reikSmingi rodikliai, kurie
tenkino poveikio proporcingumo prielaidg visg stebéjimo laikotarpj,
buvo jtraukti j daugianarés Kokso regresijos analiz¢. Naudojant
tikétinumy santykio kriterijy (angl. Likelihood-ratio test) (p < 0,05)
pazingsninés regresijos principu i§ suformuoty regresijos modeliy
pasalinti nereik§mingi regresoriai. Regresijos modeliy kokybé buvo
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vertinta pagal Akaikés informacijos kriterijy (angl. Akaike
information criterion, AIC), naudoti modeliai su maziausiomis AIC
reik§mémis. I§ galimy regresijos modeliy tinkamiausias §io tyrimo
duomenims paaiskino 58 % duomeny. Nustatyti nepriklausomi
reikSmingi rodikliai, patikimai prognozuojantys > 2+ laipsnio MVN
atsinaujinimg atokiuoju laikotarpiu po transventrikulines MV
plastikos.

MYV funkcija stebéjimo laikotarpiu buvo vertinama periodiskai
kartojant echokardiografijos tyrima, todél pakartotiniy matavimy
duomenys yra priklausomi. MVN progresavimo tikimybé po
operacijos buvo nustatyta atlikus modernig misriyjy modeliy analizg,
naudojant programos ,R“ paketa ,,GLMMadaptive“. Tai leido
jvertinti transventrikulinés MV plastikos efektyvumo skirtumus ne
tik pagal tam tikrus fiksuotus pozymius, bet ir atsizvelgiant |
pakartotiniy echokardiografijos matavimy priklausomuma. Visi prie§
operacijg zinomi demografiniai ir echokardiografiniai parametrai
buvo patikrinti vienfaktorinés analizés lygtimis. Tikslus MVN
laipsnio nustatymo laikas po operacijos, iSmatuotas KSGDD prie$§
operacijg ir MV patologijos anatominis tipas (A-D) — $ie rodikliai
buvo reikSmingi atliekant daugialypés regresijos analizg, todél
jtraukti | galutinj misriyjy modeliy analizés modelj kaip fiksuoti
pozymiai; pacientas buvo nurodytas kaip atsitiktinis kintamasis.
Naudotas statistinio reikSmingumo lygmuo p < 0,05.

REZULTATAI

Tiriamyjy amziaus vidurkis buvo 59,9 = 12,1 mety. Vyrai sudare
71 % ir buvo jaunesni nei moterys: 57,2 + 11,4 m. vs 66,7 = 11,4 m.
(p <0,001). Atsizvelgiant | NYHA funkcing klase, 8 ligoniai pries
operacijg nenurodé jokiy simptomy (NYHA I), 55 buvo NYHAII
funkcinés klasés, o 37 turéjo rySkiy simptomy (NYHA > II). Prie§
operacijg 18 tiriamyjy buvo dokumentuotas bet kokio tipo priesirdziy
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virpéjimas, 5 i§ jy — permanentinis. Ryski plautiné hipertenzija
(SPAP > 55 mmHg) nustatyta 17 pacienty.

Visiems pacientams pries operacija buvo atlikta TTE ir 3D TEE,
18 ligoniy nustatytas MV prolapsas be chordos plySimo, 82 —su
chordos plySimu.

KSGDD vidurkis buvo 59,1 + 6,1 mm. Pagal KPP indeksuoto
KSGDD (KSGDDi) vidurkis buvo 3,01+ 0,37 cm/m?. Remiantis
Amerikos echokardiografijos draugijos ir Europos kardiovaskulinio
vaizdinimo asociacijos 2015 m. rekomendacijomis, KS dilatacija
nustatyta 39 tiriamiesiems (vyrams, kuriy KSGDDi > 3,1 cm/m?,
moterims, kuriy KSGDDi > 3,2 cm/m?).

Colli su kolegomis pasitalyto prognostinio MV buriy-Ziedo
indekso, (angl. leaflet-to-annulus index, LAI) mediana tyrimo
kohortoje buvo 1,19 (1,11-1,28). Literatiiroje apraSyta prognostiskai
reikSminga LAI verté > 1,25 Siame tyrime nustatyta 28 ligoniams.

Pagal MV patologinio segmento lokalizacijg tiriamieji buvo
suskirstyti j keturias grupes. A tipo patologija (izoliuotas uzpakalinés
burés P2 segmento prolapsas) nustatyta 31 ligoniui, B tipo (P2 ir
gretimy segmenty pazeidimas) — 48, C tipo (vienos ar abiejy buriy
prolapsas ir parakomisiiriniy segmenty pazeidimas) — 15, D tipo
(izoliuotas A2 segmento prolapsas) — 6 ligoniams.

MYV patologijos B tipo pacientai sudaré didziausia operuoty
ligoniy dalj I'ir 1l tyrimo laikotarpiais (atitinkamai 50 % ir 66,7 %), 0
Il laikotarpiu daugiausia operuota A tipo pacienty (55 %)
(p <0,001) (8 lentelé). C tipo pacienty dalis sumazéjo nuo 20,6 %
tyrimo pradzioje iki 6,1 % paskutiniu laikotarpiu (p <0,001). Tai
rodo, kad tobuléjant ,Neochord“ technologijai imta taikyti
grieztesnius pacienty atrankos kriterijus ir vengti sudétingesnés MV
patologijos.

Tiriamoje kohortoje C tipo pacientai buvo vyriausi (amziaus
vidurkis 67,4+129m.; p=0,034) (5pav.), bet pagal NYHA
funkcing klase, operacijos rizikg (STS, EuroSCORE II, MIDA) ir
kitus demografinius rodiklius reik§mingai nesiskyré nuo kity tipy.
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Ligoniy, kuriems prie§ operacija buvo nustatyta KS dilatacija
(padid¢jes KSGDDi), dalis atskirais tyrimo laikotarpiais reik§mingai
nesiskyré: I laikotarpiu operuota 12 (35,3 %), 1l — 13 (39,4 %), Il —
14 (42,4 %) tokiy pacienty (p =0,835). StatistiSkai reikSmingy
priesoperaciniy echokardiografijos parametry skirtumy tarp kity
atskirais laikotarpiais operuoty tiriamyjy nenustatyta.

Intraoperaciniai rezultatai

Vidutiné operacijos trukmé buvo 120 (IQR 110-145) min. Bandymy
pritvirtinti dirbtines chordas mediana — 4 (IQR 3-5), vidutiniskai
implantuotos 3 (IQR 3-4) neochordos. 88 ligoniams dirbtinés
chordos implantuotos tik j uzpakalinés MV burés (UMVB) krasta, 6
— tik j prieking bure (PMVB), 6 — j abi MV bures. 82 ligoniams
neochordos implantuotos tik j P2 segmentg. Prie UMVB krasto
prisititos vidutiniskai 3 dirbtinés chordos (IQR 2—4). Dvylikai ligoniy
1 PMVB implantuota iki 3 neochordy.

IS viso 98 ligoniams operacija buvo techniskai sékminga.
Sumazinti MV nesandarumg iki < 2+ laipsnio (priimtinas rezultatas)
pavyko 100 % A, B ir D grupés pacienty. C grupéje 2 (13,3 %)
ligoniams procediira buvo neveiksminga: liko 3+ laipsnio MVN.
Visiems po operacijos buvo susiiitas perikardas, taciau 3 pacientams
tai lémé MVN padidéjima, todél perikardo sitilé buvo iSardyta.

Iskart po operacijos visiSkai sandarus MV nustatytas 37
ligoniams, lokalus MV nesandarumas — 30, nedidelio (1+) laipsnio
MVN — 24, vidutinio (2+) laipsnio MVN — 7 pacientams. Dviem
ligoniams procedira buvo neveiksminga, jiems liko > 2+ laipsnio
MVN. Iki <1+ laipsnio sumazinti MV nesandarumg (optimalus
rezultatas) pavyko 67 ligoniams: 83,9 % A tipo, 54,6 % B tipo,
46,7 % C tipo, 50 % D tipo pacienty. Po operacijos 1+ laipsnio MVN
liko 24 (%) ligoniams. I$kart po operacijos lieckamasis > 1+ laipsnio
MVN nustatytas 9 ligoniams: 2 (6,5 %) A tipo pacientams, 4 (8,3 %)
B grupés ir 3 (20 %) C be statistiskai reikSmingo skirtumo tarp $iy
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proporcijy (p =0,459). D grupéje MV po operacijos buvo visiskai
sandarus arba registruotas minimalus nesandarumas.

Kraujo netekimo operacijos metu mediana buvo 500 ml (IQR
325-645). Kadangi operacija atlickama plakant S§irdziai ir
nenaudojant DKA, kai kuriy ligoniy kraujas, priklausomai nuo
operacinio kraujavimo, buvo surenkamas j sistemg ,,Cell Saver*.
ISplauty eritrocity transfuzija buvo taikyta 47 ligoniams — perpilta
vidutiniskai 250 ml eritrocity masés.

Lyginant tyrimo rodiklius pagal MV patologijos anatominj tipa
(A-D), bandymy implantuoti neochordas mediana vienam ligoniui,
implantuoty dirbtiniy chordy mediana vienam ligoniui ir vidutiné
operacijos trukmé reikSmingai nesiskyre, taciau daugiausia kraujo
operacijos metu neteko C grupés ligoniai (mediana — 700 ml (IQR
525-965); p = 0,001) (10 lentelé).

Chirurgy ir echoskopuotojy komandai jgyjant daugiau patirties,
vidutiné ,,Neochord“ operacijos trukmé nesikeité — isliko apie
120 min., taiau reikSmingai sumazéjo kraujo netekimas per
operacijg: nuo 620 ml (IQR 463-983) pirmuoju tyrimo laikotarpiu
iki 400 ml (IQR 238-500) paskutiniu (p < 0,001).

Operacijos ir / arba intraoperacinés echokardiografijos protokole
dokumentuota tam tikry techniniy problemy, kilusiy 55 ligoniams.
Siekiant jvertinti jy jtaka operacijos rezultatui, jtrauktas papildomas
rodiklis techniniai nesklandumai, apimantis bet kurig ar kelias
technines problemas 1§ ty, kurios apraSytos medicinos
dokumentuose: ,,dirbtiné chorda i$plySo i$ burés krasto®; ,,neochorda
iStraukta (operatoriaus), nes nemazino nesandarumo‘; ,.dirbtiné
chorda iStraukta implantuojant kita neochorda®; ,,dirbtinés chordos
kryziavosi su natyvinémis®, jskaitant jatrogeninj bet kurios MV
struktiiros pazeidimg. Nors 8 pacientams dél manipuliacijy prietaisu
»NeoChord DS1000“ dokumentuotas jatrogeninis natyviniy MV
chordy plySimas, implantavus papildomy dirbtiniy chordy
pazeidimai koreguoti, o galutinis operacijos rezultatas buvo
priimtinas (< 2+ laipsnio MVN).
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Tyrimo metu Zymiai sumazéjo pacienty, kuriems taisyta buré
pertempta: 44 % vs 39% vs 9% (p =0,002), nors i§sami tyrimo
rodikliy analizé parodé, kad burés pertempimas buvo nepriklausomas
veiksnys, lémes geresnj operacijos rezultata atokiuoju laikotarpiu.

Ankstyvieji pooperaciniai rezultatai

Ligoniai po transventrikulines MV plastikos buvo dirbtinai
ventiliuojami vidutiniskai 4 val. (IQR 3-5,6). Gydymo RITS trukmés
mediana — 22 val. (IQR 21-24). Nors pooperaciniy komplikacijy
daznis tarp MV anatominio tipo grupiy nesiskyré, C tipo pacientai
ligoningje po operacijos gydyti vidutiniSkai 3 dienas ilgiau nei kity
grupiy (medianos — 11 dieny vs 8 dienos; p = 0,027).

Pooperacinio kraujavimo mediana buvo 200 ml (IQR 150-300).
Kraujo produkty transfuzija taikyta 5 ligoniams, dviem dél
kraujavimo atlikta revizija. Naujas prieSirdziy virpéjimas po
operacijos dokumentuotas 17 pacienty, tac¢iau 95 i§ 100 vykstanéiy
namo tiriamyjy ritmas buvo sinusinis. Dviem pacientams
implantuotas  elektrokardiostimuliatorius, nes prie§ operacijg
nustatytas sinusinio mazgo silpnumo sindromas. Uminis inksty
funkcijos nepakankamumas, kai kreatinino koncentracija pagal
MVARC padid¢jo > 150 %, palyginti su prieSoperacine, nustatytas 3
ligoniams. Vienam pirmg parg po operacijos dokumentuotas iminis
galvos smegeny kraujotakos sutrikimas, bet hospitalizavimo
laikotarpiu kraujotaka visiSkai atsikiiré. Perioperacinio miokardo
infarkto, pooperacinés zaizdos infekcijos tiriamojoje kohortoje
neregistruota.

ISraSomiems i§ ligoninés 79 tiriamiesiems liekamasis MV
nesandarumas nevir§ijo 1+ laipsnio, 92 nustatytas < 2+ laipsnio, 0 5
Ctipo ligoniams >2+ laipsnio MVN. Trys (du priklausé
Aanatominiam  tipui, vienas— B) pakartotinai  operuoti
hospitalizavimo  metu.  Siems pacientams 5-7 para po
transventrikulinés MV plastikos buvo nustatytas didelio laipsnio
atsinaujings MVN, dél P2 neochordy ir A2 segmento natyviniy
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chordy kryziavimosi nutriikus natyvinéms A2 segmento chordoms.
Du sékmingai peroperuoti klasikiniu biidu, vienam dirbtinés chordos
] prolabuojantj A2 segmentg implantuotos atlickant pakartoting
»Neochord* operacija be DKA.

Ilgalaikis ,,Neochord* operacijos efektyvumas

Stebéjimo laikotarpiu 57 ligoniams isliko <2+ laipsnio MV
nesandarumas (priimtinas rezultatas), o 43 atsinaujino > 2+ laipsnio.
ReikSmingas MVN dazniau atsinaujino prie§ operacija jutusiems
ry$kius simptomus (NYHA >1I) (y%-4,535; p=0,033) ar tiems,
kuriems prie§ operacija buvo nustayti didesni KP ir KS dydziai
(p < 0,001) arba ryski plautiné hipertenzija (p = 0,016).

Nors operacijos metu implantuoty neochordy skaicius
lyginamose grupése nesiskyré (p = 0,424), pastebéta, kad priimtinas
ilgalaikis rezultatas priklausé nuo mazesnio bandymy skaiéiaus (4 vs
5 bandymai, p = 0,062).

Remiantis Kaplano-Megjerio analize, bendras transventrikulinés
MV plastikos efektyvumas po 1 mén., 6 mén.,, 1, 3 ir5 mety
atitinkamai mazéjo nuo 88+3,3% iki 80+4%, 76+4,3%,
63,9+4,8% ir 57,9+5,1 %.

Ilgalaikis efektyvumas pagal MV patologijos tipa

Lyginant pagal MV patologijos anatominj tipa, atokiuoju laikotarpiu
po ,Neochord“ operacijos >2+ laipsnio MV nesandarumas
atsinaujino 38,7 % A grupés, 33,3 % B ir D grupiy, 86,7 % C grupés
ligoniy (p = 0,002).

A grupés ligoniy, kuriems nustatytas izoliuotas P2 segmento
prolapsas, transventrikulinés MV plastikos efektyvumas po 1 mén.
siecké 93,5+4,4%, po 1mety— 80,6+7,1%, po 2-7 mety—
67,2 +8,5 %.

B grupés ligoniy, kuriems nustatyta P2 segmento ir gretimy
segmenty (P1 ir/arba P3) patologija, ,,Neochord“ plastikos
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efektyvumas po 1mén. buvo 91,7+4,0%, po 1mety—
81,2+56%, po 3mety— 729+6,4%, poS5mety ir véliau-—
66,4 + 6,9 %.

Anksciausiai reikSmingas MVN atsinaujino C grupés ligoniams.
Ne didesnio kaip 2+ laipsnio MV nesandarumas po 1 mén. iSliko
60 £ 12,7 %, po 1 mety— 40+ 12,7 %, po 5 mety ir iki stebéjimo
pabaigos — tik 13,3 + 8,8 % C grupés ligoniy.

Visi D grupés ligoniai iSvengé reik§mingo MVN atsinaujinimo
1 metus po transventrikulinés MV plastikos. Sios grupés ligoniams
operacijos efektyvumas po 2 mety ir véliau sieké 66,7 + 19,2 %.

Po transventrikulinés MV  plastikos praéjus 49 mén.
(echokardiografinio  stebéjimo  mediana) bendras procediros
efektyvumas sieké apie 62 %; A, B ir D anatominiy tipy ligoniy —
6771 %, o C grupés — tik 20 + 10,3 %.

Ilgalaikis efektyvumas pagal KS dyd;j

KS dilatacija pries operacija buvo nustatyta 39 ligoniams: 28 vyrams,
kuriy KSGDDi > 3,1 em/m? ir 11 motery, kuriy KSGDDi > 3,2
cm/m2.

Statistiskai patikimai skyrési ligoniy, kuriems atokiuoju
pooperaciniu laikotarpiu isSliko priimtinas ,,Neochord* plastikos
rezultatas, ir ligoniy, kuriems atsinaujino > 2+ laipsnio MVN,
vidutinés KSGDDi reik§més: atitinkamai 2,90 £ 0,33 cm/m? vs
3,16 = 0,38 cm/m? (p < 0,001).

Tiriamiesiems, kuriems prie§ operacija buvo nustatyta KS
dilatacija (vyry KSGDDi >3,1, motery KSGDDi >3,2), >2+
laipsnio  MVN atsinaujino daZzniau nei normalaus KSGDDi
pacientams (61,5% vs 31,1 %, x*—8,96, p=0,003). Statistiskai
patikimai tarp grupiy skyrési ir vidutiné trukmé nuo operacijos iki
MVN atsinaujinimo: KS dilatacijos grupés ligoniams reik§mingas
MVN atsinaujino po 629 dieny, normalaus KSGDDi grupés
ligoniams — pra¢jus 1939 dienoms po ,,Neochord“ plastikos (Mann-
Whitney U; p = 0,006).
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StatistiSkai patikimai skyrési ilgalaikis transventrikulineés MV
plastikos efektyvumas pagal KSGDDi (Log Rank, p < 0,001)
(13, 14 pav.). I8 tiriamyjy, kuriy KS pries$ operacija buvo normalaus
dydzio (vyry KSGDDi < 3,1 cm/m?, motery KSGDDi < 3,2 cm/m?),
priimtinas ,,Neochord operacijos rezultatas po mety isliko
88,5+4,1%, po 3 mety— 80,2+5,1%, po 5mety — 72,0+ 6,0 %.
Padidéjusio KSGDDi ligoniy grupéje transventrikulinés MV
plastikos efektyvumas po mety sieké 61,5+7,8%, po3 mety—
436 +£79%, po 4mety ir iki stebéjimo laikotarpio pabaigos —
40,9+ 7,9 %.

Stebéjimo laikotarpiu > 2+ MVN dazniau atsinaujino didesnio
KSGDDi ligoniams: 19 (31,1 %), kuriems prie§ operacija buvo
nustatytas nepadidéjes KSGDDi, 12 (52,2 %) — nezymiai padidéjes,
8 (66,7 %) — vidutiniskai padidéjes ir visiems 4 ligoniams (100 %),
kuriems nustatytas Zymiai padidéjes KSGDDi (p = 0,005).

Normalaus KSGDDi grupéje > 2+ laipsnio MVN po mety
neturéjo 86,9 + 4,3 % ligoniy, po 3 mety — 78,5 + 5,3 %, po 5 mety —
70,3+ 6,1 %.

Nezymiai padidéjusio KSGDDi (vyry 3,1-3,3 cm/m?, motery
3,2-3,4 cm/m?) grupéje priimtinas operacijos rezultatas po mety
i8liko 69,6 £ 9,6 %, po 2 mety ir iki stebé&jimo laikotarpio pabaigos —
47,8 + 10,4 % pacienty.

Vidutinikai padidéjusio KSGDDi (vyry 3,4-3,6 cm/m?, motery
3,5-3,7 cm/m?) grupéje priimtinas operacijos rezultatas po mety
iSliko 50+ 14,4 %, po 3mety— 41,7+ 14,2%, po 4 mety ir iki
stebéjimo laikotarpio pabaigos — 33,3 + 13,6 % pacienty.

Visiems keturiems ligoniams (100 %), kuriy KS prie§ operacija
buvo Zymiai dilatuotas (vyry KSGDDi > 3,6 cm/m? motery
KSGDDi > 3,7 cm/m?), > 2+ laipsnio MVN atsinaujino grei¢iau nei
per dvejus metus po ,,Neochord* operacijos.
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Burés pertempimo reikSmé atokiesiems rezultatams

Po ,,Neochord“ procediiros 31 tiriamajam buvo nustatytas taisytos
burés pertempimas. Sie duomenys surinkti i§ operacijos protokoly,
intraoperacinés  echokardiografijos tyrimo protokoly ir/arba
pooperaciniy echokardiografijos tyrimy protokoly, kuriuose burés
pertempimas buvo jvardytas kaip ,,burés restrikcija“, ,,segmentas,
giliai iStrauktas ] KS*“, ,kitos burés pseudoprolabavimas®.
Apibiidinant burés pertempimg, protokoluose §i apibréztis nebuvo
standartizuota.

Taisyta buré buvo santykinai pertempta 7 (22,6 %) A tipo
pacientams, 17 (35,4 %) Btipo, 6(37,5%) Ctipo ir 1 (16,7 %)
D tipo pacientui. Kaip rodo Kaplano-Mejerio analiz¢, > 2+ laipsnio
MVN reciau atsinaujino tiems ligoniams, Kuriems operacijos metu
taisoma buré buvo pertempta (y*— 7,64; p = 0,006).

Priimtinas operacijos rezultatas stebéjimo laikotarpiu nustatytas
24 (77,4 %) ligoniams, kuriems taisyta buré buvo pertempta,
palyginti su 33 (47,8 %), kuriems ji nebuvo pertempta (x> — 7,64,
p =0,006). Vidutiniskai 49 mén. pooperaciniu laikotarpiu <2+
laipsnio MVN isliko reikSmingai didesnei daliai ligoniy, kuriems
taisyta buré buvo pertempta: 80,6 + 7,1 % vs 52,6 + 6,1 % (Log Rank
test, p = 0,007).

Po MV plastikos vyksta atgaliné KS remodeliacija, trumpéja
ilgosios KS aSies atstumas nuo Sirdies virstinés iki MV ziedo. Todél
ligoniams, kuriems po operacijos buvo nustatytas burés
pertempimas, stebéjimo laikotarpiu jo efektas sumazéjo, bet buré
neprakrito j KP ir toliau dalyvavo koaptacijoje, o nesandarumas
neatsinaujino. Tai patvirtino keliy ligoniy echokardiografijos tyrimy
rezultatai. Kiek ilgalaikis yra toks efektas — nezinoma. Sio tyrimo
duomenimis, burés pertempimo atveju reikSmingas MVN
neatsinaujino vidutini§kai 4,5 mety po ,,Neochord* plastikos.
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KS dilatacijos ir burés pertempimo reikSmé ilgalaikiam efektyvumui

Ivertinta  ilgalaikio  ,NeoChord“  operacijos  efektyvumo
priklausomybé nuo KS dilatacijos (D+/-) prie§ operacijg ir
intraoperacinio taisytos burés pertempimo (R+/—) neatsizvelgiant |
MYV patologijos anatominj tipg. Labiausiai i$siskyré kombinuota Siy
dviejy pozymiy jtaka atokiesiems rezultatams.

Geriausias ilgalaikis transventrikulinés MV plastikos rezultatas
buvo tais atvejais, kai prieSoperacinis KSGDDi nebuvo padidéjes ir
implantavus dirbtines chordas | prolabuojancios burés krasta
nustatytas santykinis jos pertempimas (D—/ R+). Siy ligoniy grupéje
»Neochord* plastikos efektyvumas po mety buvo 89,5 + 7,0 %, po
3mety— 84,2+84%, po Smety ir iki stebéjimo laikotarpio
pabaigos — 78,9 + 9,4 %.

Neochordomis taisoma burg pertempus ligoniams, kuriems pries
operacijg nustatyta KS dilatacija (D+/R+), <2+ laipsnio MV
nesandarumas po mety iSliko 83,3+ 10,8%, po 2mety ir iki
stebéjimo laikotarpio pabaigos — 75 + 12,5 % pacienty.

Neissiplétusio KS ligoniams implantavus neochordas ir burés
pertempimo nenusta¢ius (D—/ R-), priimtinas operacijos rezultatas
po mety buvo 88,1 £5,0 % pacienty, po 3 mety — 78,3 + 6,4 %, po
5 mety — 68,4 + 7,8 %.

Neochordas implantavus nesukeliant burés pertempimo, kai
nustatyta KS dilatacija (D+/R-), <2+ laipsnio MV nesandarumas
po 1 mén. aptiktas 77,8 = 8,0 % ligoniy, po mety — 51,9 + 9,6 %, po
2mety— 33,3+9,1%, po 4mety ir iki stebéjimo pabaigos —
25,4 £8,5 %.

Trylikai i§ 17 (76 %) B tipo ligoniy, kuriems prie§ operacija
buvo nustatyta KS dilatacija, o per operacijg taisoma buré nebuvo
pertempta, steb¢jimo laikotarpiu atsinaujino reik§Smingas MV
nesandarumas. Tai rodo, kad geram ilgalaikiam operacijos rezultatui
prognozuoti keliy pozymiy derinys gali buti svarbiau nei vien
anatominis MV patologijos tipas.
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Ilgalaikis efektyvumas pagal operacijos laikotarpij

StatistiSkai reikSmingy ilgalaikio ,,Neochord* plastikos efektyvumo
skirtumy tarp trijy analizuoty tyrimo laikotarpiy nenustatyta. Taciau
pastebéta, kad II laikotarpiu operuotiems ligoniams > 2+ laipsnio
MVN atsinaujino reciau nei tiems, kurie operuoti Kitais tyrimo
laikotarpiais (p = 0,078).

Liekamojo MV nesandarumo reik§me atokiesiems rezultatams

Siame tyrime iSkart po ,,Neochord“ operacijos lickamasis
< 1+ laipsnio MV nesandarumas buvo nustatytas 67 ligoniams,
1+ laipsnio — 24, <2+ laipsnio — 98, 0 > 2+ laipsnio MVN liko 2
pacientams.

Kaplano-Mejerio  analizé parodé statistiSkai reik§minga
operacijos efektyvumo skirtumg atokiuoju laikotarpiu tarp tiriamyjy,
kuriems po operacijos liko > 1+ laipsnio MVN, ir ty, kuriems po
operacijos MV nesandarumo visi$kai neliko arba buvo nustatytas
lokalus / trivialus MVN (Log Rank; p = 0,032).

Nors vienalypés regresijos lygtyje liekamasis <1+ MVN buvo
statistiSkai reikSmingas veiksnys, susijes su didelio laipsnio MVN
atsinaujinimu po operacijos (HR, 0,51 [0,28; 0,95]; p=0,033),
daugianarés regresijos analizéje Sis regresorius nebuvo reik§mingas,
todél i$ tolesnés analizés pasalintas.

Intraoperaciniy nesklandumy reikSmé atokiesiems rezultatams

ISanalizavus operacijy ir intraoperaciniy echokardiografijos tyrimy
protokolus paaisSkéjo, kad atsinaujinusio > 2+ laipsnio MVN grupés
ligoniams buvo dokumentuota daugiau intraoperaciniy techniniy
nesklandumy nei tiems, kuriems isliko priimtinas plastikos efektas
(70 % vs 44 %; x*— 6,647, p < 0,01).

Nors operacijos techniné sékmé buvo 98 %, ilgalaikis plastikos
efektyvumas atokiuoju laikotarpiu reikSmingai skyrési priklausomai
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nuo to, ar buvo techniniy nesklandumy implantuojant dirbtines
chordas. Po sklandziy operacijy (n=45) per 49 mén. stebé&jimo
laikotarpj reik§mingas MVN atsinaujino apie 23 % ligoniy, o po
operacijy, kuriy metu pasitaiké techniniy nesklandumy (n =55),
reik§mingas MVN atsinaujino daugiau kaip 50 % (Kaplan-Meier,
Log Rank test, p = 0,021). Steb¢jimo laikotarpio pabaigoje priimtinas
operacijos rezultatas iSliko 25 (45,5%) ligoniams, Kkuriuos
operuojant patirta techniniy nesklandumy, ir 32 (71,1 %), kuriy
operacija buvo sklandi (y* - 6,65, p < 0,01).

Didesnis nei 2+ laipsnio MV nesandarumas dazniau atsinaujino
ligoniams, kurie prie§ operacija jauté rySkius simptomus
(NYHA > 1I) (y*—4,535; p=0,033), kuriems prie$ operacija buvo
nustatyti didesni KP ir KS parametrai (p < 0,001) ir ryski plautiné
hipertenzija (p = 0,016).

Kity veiksniy jtaka ilgalaikiam operacijos efektyvumui

MV ziedo iSsiplétimas (> 35 mm) prieS operacija neturéjo jtakos
transventrikulinés MV plastikos efektyvumui atokiuoju laikotarpiu
(Kaplan-Meier, Log Rank test, p = 0,25).

Lyginant NYHA >1 ligoniy, kuriems buré buvo pertempta
(n=29), ir ty, kuriems nebuvo pertempta (n=63), ilgalaikj
transventrikulinés MV plastikos efektyvuma, paaiskéjo, kad antruoju
atveju > 2+ MV nesandarumas atsinaujino didesnei daliai ligoniy:
17,2 % vs 52,4 % (x* — 13, p = 0,005).

Lyginant NYHA <II pacienty, kuriems neochordomis buré
buvo pertempta operacijos metu (n = 22), ir rySkiy simptomy turinciy
pacienty (NYHA > 1II), kuriems buré nebuvo pertempta (n = 28),
vélyvuosius rezultatus, paaiskéjo, kad pastariesiems dazniau
atsinaujino didelio laipsnio MVN: 18,2% vs 62,3 % (yx>—10,7,
p = 0,01).

Stebé¢jimo  laikotarpiu  priimtinas ,,Neochord“ operacijos
rezultatas isliko 12 i§ 14 (85,6 %) ligoniy, kuriuos operuojant
nepasitaiké jokiy techniniy nesklandumy ir implantavus neochordas
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pastebétas burés pertempimas, taip pat 13 i§ 38 (34,2 %) pacienty,
kuriems buré nebuvo pertempta, taciau dokumentuota techniniy
operacijos nesklandumy (3% — 8,2; p = 0,004).

MYV nesandarumo progresavimo tikimybé

Po transventrikulinés plastikos MVN grei¢iau progresavo ir
atsinaujino ligoniams, kuriy KSGDD buvo didesnis. Nepadidéjusio
KS atveju MVN atsinaujinimo tikimybé po operacijos A, B ir D
anatominio tipo ligoniams buvo panaSi. Didziausia MVN
atsinaujinimo tikimybé buvo turintiems izoliuota vienos ar abiejy
buriy prolapsa ir parakomistring patologija (C tipo). Jiems MVN
progresavo grei¢iau ir anksciau nei kity tipy ligoniams.

Remiantis misriyjy modeliy analize, jeigu KSGDD pries MV
plastika buvo 59 mm (mediana), tikimyb¢, kad po operacijos praéjus
10 mety atsinaujins >2+ laipsnio MV nesandarumas, A ir
D anatominio tipo ligoniams yra apie 20 %, Btipo — apie 40 %,
C tipo — apie 80 %. Jeigu prie$ operacija buvo nustatyta C tipo
patologija, 0 KSGDD buvo 59 mm, reik§mingo MVN atsinaujinimo
per 4 metus tikimybé siekia apie 40 %.

Daugiau kaip 2+ laipsnio MVN atsinaujinimg $iame tyrime
patikimai prognozavo prie§ operacija nustatyta KS dilatacija
(HR 2,17 [1,09; 4,30], p = 0,027), ryski plautiné hipertenzija
(HR 2,67 [1,24; 5,77], p = 0,012) ir MV patologijos anatominis tipas
C(HR 2,79[1,21; 6,43], p=0,016). MVN atsinaujinimo rizika
dukart didino techniniai operacijos nesklandumai (HR 2,03 [1,03;
4,03], p=0,04). Taisytos burés pertempimas 67 % mazino
> 2+ laipsnio MVN atsinaujinimo rizika pooperaciniu laikotarpiu
(HR 0,33 [0,14; 0,76], p = 0,009).
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Atsinaujinusio MV nesandarumo priezastys ir
pakartotinés operacijos

Atsinaujinusio > 2+ laipsnio MV nesandarumo priezastys buvo
nustatytos remiantis echokardiografijos duomenimis, o jeigu atlikta
pakartotine MV operacija klasikiniu btdu, ir intraoperaciniais
radiniais. Dazniausios > 2+ laipsnio MVN atsinaujinimo priezastys
buvo santykinis neochordy pailgéjimas (41,9 %), natyviniy chordy
plySimas (34,9 %), dirbtiniy chordy plySimas (32,6 %).

Per visg pooperacinj laikotarpj dél atsinaujinusio > 2+ laipsnio
MV nesandarumo 25 ligoniams atliktos 26 pakartotinés operacijos.
Jos buvo atlickamos praéjus vidutiniskai 72 mén. (IQR 31-88) po
transventrikulinés MV  plastikos. 18 ligoniy gydyma tesé
ambulatoriSkai arba atsisaké pakartotinés MV operacijos.

Tiriamoje kohortoje laiko trukmés nuo transventrikulinés MV
plastikos iki reoperacijos mediana buvo 995 (IQR 138-2598) dienos.
Trys pakartotinés MV operacijos atliktos per 7-11 dieny po
»Neochord”“ procediiros, jeigu reikSmingas MVN atsinaujino
hospitalizavimo laikotarpiu. Beveik pusé (12) reoperacijy atliktos per
6 mén. po transventrikulinés MV plastikos.

Vienam B anatominio tipo ligoniui, praéjus 28 dienoms po
»Neochord* operacijos, buvo nustatytas atsinaujings P2 prolapsas dél
dirbtiniy chordy pailgéjimo ir reik§mingas MVN. Po 4 mén. atlikta
neochordy tempimo korekcija. Procediiros metu viena neochorda
iSplyso, kitas tris patraukus apie 15 mm, MV nesandarumo beveik
neliko. Praéjus metams po neochordy tempimo, nustatytas jy
plySimas ir atsinaujings rySkus MVN, atlikta klasikiné MV plastika.
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ISgyvenamumo ir mir§tamumo analizé

I iSgyvenamumo analiz¢ jtrauktas 101 ligonis, jskaitant vieng
D anatominio tipo tiriamajj, kuris miré antra pooperacing para dél
kraujavimo ir Sirdies tamponados. Per stebéjimo laikotarpj i§ viso
miré 16 (15,8 %) ligoniy: 4 priklausé A tipui, 3 — B tipui, 7-Cir 2 -
D tipui. 9 (56,3 %) miré dél kardialiniy priezas¢iy, 7 (43,7 %) — dél
nekardialiniy. Penkiems iki mirties buvo islikes priimtinas operacijos
rezultatas, 11 buvo atsinaujings rySkus MVN, 4 i§ jy pakartotinai
operuoti: atlikta klasikiné MV plastika.

Bendras iSgyvenamumas stebéjimo laikotarpiu sieké 84,2 %.
Mety Kaplano-Mejerio iSgyvenamumas po ,,Neochord* operacijos
buvo 98+ 1,4%, 2mety— 96+1,9%, 3mety— 92,8+26%, 0
5 metus po transventrikulinés MV plastikos iSgyveno 90,6 + 3,0 %
pacienty.

Remiantis Kaplano-Mejerio analize, 6 metus po operacijos
iSgyveno 100 % B grupés ligoniy, 88,5+6,3% A grupés,
60 £ 12,7 % C grupés ir 64,3 £21,0% D grupés ligoniy. Geriausias
bendras 9 mety iSgyvenamumas buvo A ir B anatominio tipo
grupése, atitinkamai 78,7 + 10,8 % ir 88,4 + 6,5 %.

Atskirai analizuojant dél kardialiniy priezas¢iy mirusiy 8 ligoniy
duomenis paaiskéjo, kad 7 iS jy prie§ operacija buvo NYHA > Il
funkcinés klasés, 5 priskirti C anatominiam tipui (jskaitant abu C
grupés ligonius, kuriems iskart po ,,Neochord* operacijos nustatytas
3+ laipsnio liekamasis MVN), 6 stebéjimo laikotarpiu buvo
nustatytas atsinaujings > 2+ MVN. I§ pastaryjy 3 ligoniams atlikta
pakartotiné MV plastika, kiti 3 miré turédami atsinaujinusj MVN.
Dviem pacientams iki mirties isliko priimtinas MV korekcijos
rezultatas (< 2+ laipsnio MVN).
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APIBENDRINIMAS

Sis tyrimas parod¢, kad ,,Neochord” operacija netinka C tipo MV
patologijai gydyti. VULSK Sirdies ir kriitinés chirurgijos centre imta
taikyti  grieztesnius pacienty atrankos  kriterijus, vengiant
sudétingesnés MV patologijos. C tipo pacienty dalis sumazéjo nuo
20,6 % tyrimo pradzioje iki 6,1 % paskutiniu tyrimo laikotarpiu
(p < 0,001).

Atliekant transventrikuling MV plastika 98 % ligoniy pavyko
sumazinti MVN iki < 2+ laipsnio, 67 % iki < 1+ laipsnio, o visiskai
sandarus MV pasiektas 37 %. ISrasant i§ ligoninés, 79 tiriamiesiems
liekamasis MV nesandarumas nevirS§ijo 1+ laipsnio, 92 buvo
nustatytas <2+ laipsnio MVN. Transventrikulinés MV plastikos
ilgalaikis efektyvumas priklausé nuo liekamojo MV nesandarumo po
dirbtiniy chordy implantavimo. Nustatytas statistiSkai reik§mingas
ilgalaikio efektyvumo skirtumas tarp ligoniy, kuriems po operacijos
liko > 1+laipsnio MVN, ir ty, kuriems po operacijos MV
nesandarumo visiSkai neliko arba buvo nustatytas lokalus / trivialus
MVN (p =0,032). Prietaisu ,,Neochord DS1000“ implantuojant
dirbtines chordas, jmanoma iStaisyti ne visas MV degeneracinés
ligos formas.

Geriausias ilgalaikis transventrikulinés MV plastikos rezultatas
pasiektas tais atvejais, kai prieSoperacinis KSGDDi nebuvo padidéjes
ir dirbtines chordas implantavus ] prolabuojancios burés krastg
nustatytas santykinis jos pertempimas. Siems ligoniams ,,Neochord
plastikos efektyvumas po mety buvo apie 90 %, 0 po 5 mety ir véliau
sieké 80 %.

A, B ir D anatominio tipo tiriamiesiems, kuriems buvo
nustatytas izoliuotas A2 arba P2 segmento ir / arba gretimy segmenty
pazeidimas, transventrikulinés MV plastikos efektyvumas po 5 mety
ir véliau sieké 6667 %, 0 C tipo — tik 13 %. DidZiausia ankstyvo
MVN atsinauyjinimo tikimybé po ,,Neochord“ operacijos buvo
ligoniams, kuriems nustatyta KS dilatacija ir kompleksiné MV
degeneracija. PrieSoperaciné kairiyjy Sirdies kamery dilatacija, ryski
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plautiné hipertenzija, C patologijos tipas ir operacijos techniniai
nesklandumai buvo reik§mingiausi > 2+ laipsnio MVN atsinaujinimo
prognostiniai Zymenys.

Nors Siame tyrime nebuvo lyginamosios grupés, vertinant
literatiiroje placiai aprasytus atokiuosius klasikinés MV plastikos
rezultatus, ,,Neochord“ operacijos efektyvumas smarkiai nusileidzia
standartinio degeneracinés MV patologijos gydymo rezultatams. Sio
tyrimo duomenimis, po ,,Neochord“ operacijos reik§mingas MV
nesandarumas atsinaujino 43 % ligoniy, o MV reoperacijos reikéjo
25%. Net lengviausiai klasikiniu btidu taisomos izoliuoto P2
segmento patologijos atveju ,,Neochord“ operacijos 5 mety
efektyvumas tebuvo 67 %. Tai yra nepriimtinas rezultatas
Siuolaikingje MV chirurgijoje.

,Neochord“ operacijos metu dirbtines chordas fiksuojant prie
Sirdies pavir§iaus labai svarbu wuztikrinti papildomg burés
pertempima, kad buity iSvengta dirbtinés chordos pailgéjimo ir MVN
atsinaujinimo, kai po operacijos dél atgalinés KS remodeliacijos
mazéja iSilginés asies atstumas nuo KS virsiinés iki bazinés dalies. Sj
teiginj statistiSkai patikimai patvirtino ir atlikto tyrimo rezultatai:
stebéjimo laikotarpiu <2+ laipsnio MVN isliko 77,4 % ligoniy,
kuriems taisyta buré buvo pertempta, ir 47,8 % ligoniy, kuriems
taisyta buré nebuvo pertempta (p = 0,006).

Klasikiné MV plastika ir transventrikuliné MV plastika be DKA
néra lygiareikSmiai gydymo biidai, nes antruoju néra sutvirtinamas
MYV ziedas. Nors transventrikulinés plastikos technologija vis dar
tobulinama, o atrankos kriterijais siekiama MVN operuoti kuo
anksciau, jos oponentai abejoja, ar Siuo gydymo metodu kada nors
pavyks pasiekti klasikinei MV plastikai prilygstancius rezultatus.
MYV chirurgy bendruomené laukia randomizuoty studijy rezultaty.
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ISVADOS

Priimtinas ilgalaikis transventrikulinés MV plastikos rezultatas
iSliko 80 % ligoniy, kuriy prieSoperacinis KSGDDi buvo
nepadidéjes ir kuriems implantavus dirbtines chordas |
prolabuojancios burés kraStg nustatytas santykinis jos
pertempimas.

Po transventrikulinés MV plastikos praéjus vidutiniskai 49 mén.
reik§mingas MVN atsinaujino apie 29 % B grupés ligoniy, 33 %
A ir D grupés ligoniy, net 80 % C grupés ligoniy. Dazniausios
MYV nesandarumo atsinaujinimo priezastys: santykinis neochordy
pailgéjimas, natyviniy chordy plySimas, dirbtiniy chordy
plySimas.

Kai transventrikuliné MV plastika atliekama dél izoliuoto vienos
burés prolapso ir / arba gretimy segmenty patologijos (A, B ir D
tipas), reikSmingo MVN atsinaujinimo tikimybé po 10 mety yra
mazesne nei 20 %, o turintiems kompleksing MV degeneracijg
(Ctipas) siekia apie 80 %. Didziausia ankstyvo MVN
atsinaujinimo tikimybé po ,,Neochord* operacijos yra ligoniams,
kuriems nustatyta KS dilatacija ir kompleksine MV degeneracija.

Nustatyti prognostiniai > 2+ laipsnio MV nesandarumo
atsinaujinimo veiksniai atokiuoju laikotarpiu po ,Neochord*
operacijos: prieSoperaciné KS dilatacija, rySki plautiné
hipertenzija, kompleksiné MV ydos anatomija (C tipas) ir
operacijos  technika  (taisoma  buré  nepertempiama,
intraoperaciniai techniniai nesklandumai). MV ziedo ir buriy
indeksas Siame tyrime nebuvo prognostiskai reikSmingas.

Bendras tiriamosios kohortos ligoniy iSgyvenamumas stebéjimo
laikotarpiu sieké 84 %.

Chirurgy ir echoskopuotojy komandos mokymosi kreivé ir
jgidziai neturéjo jtakos atokiesiems ,,Neochord” plastikos
rezultatams. Paskutiniu tyrimo laikotarpiu Siuo metodu operuota
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maziau turin¢iy kompleksing degeneracinés kilmés MV
patologija, taciau operacijy technikos ir ligoniy atrankos kriterijy
tobulinimas VULSK buvo nepakankamas.

PRAKTINES REKOMENDACIJOS

Transventrikulineés MV plastikos  rezultatai  atokiuoju
pooperaciniu laikotarpiu yra nepriimtini, didelé griztamojo MVN
tikimybeé, todél jauni ir mazos rizikos (pagal STS arba
EuroScore II) pacientai, kuriems nustatyta pazengusi MV
degeneracija ir Sirdies remodeliacijos pozymiai, neturéty buti
operuojami ,,Neochord* technologija.

Maziau invaziné transventrikuliné MV plastika, naudojant
,INeoChord DS1000%, gali biiti pasirinkimo operacija vyresniems
ir didelés rizikos ligoniams, kuriems nustatytas degeneracinés
kilmés didelio laipsnio MV nesandarumas.

Tikslinant ligoniy atrinkimo ,,Neochord* operacijai kriterijus,
svarbu atsizvelgti ne tik j MV patologijos anatominj tipa,
pazeidimo apimtj ir lokalizacija. Prie$ operacija reikia jvertinti
ligonio funkcine bukle pagal NYHA, kairiyjy Sirdies kamery
dydi ir sistolinj spaudimg plauc¢iy arterijoje. ,,Neochord”
operacija netinka tiems, kuriems nustatyta pazengusi MV
degeneracija (C tipo patologija), KS issiplétimas ir ryski plautiné
hipertenzija. Keliy pozymiy derinys, jskaitant NYHA > Il
funkcing klasg, didina reikSmingo MVN atsinaujinimo rizika po
operacijos.

Intraoperacinis taisomos burés pertempimas yra biitinas, siekiant
iSvengti dirbtiniy chordy pailgéjimo ir MVN atsinaujinimo,
jvykus atgalinei KS remodeliacijai po ,,Neochord* operacijos.
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