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ABSTRACT

Objective: Randomized evidence suggests a high risk of pacemaker implantation
for patients undergoing mitral valve (MV) surgery with concomitant tricuspid valve
repair (cTVR). We investigated the impact of cTVR on outcomes in the Mini-Mitral
International Registry.

Methods: From 2015 to 2021, 7513 patients underwent minimally invasive MV with
or without cTVR in 17 international centers (MV: n ¼ 5609, cTVR: n ¼ 1113).
Propensity matching generated 1110 well-balanced pairs. Multivariable analysis
was applied.

Results: Patients with cTVR were older and had more comorbidities. Propensity
matching eliminated most differences except for more TR in patients who
underwent cTVR (77.2% vs 22.1% MV, P< .001). Mean matched age was 71 years,
and 45% were male. European System for Cardiac Operative Risk Evaluation II was
still 2.68% (interquartile range [IQR], 0.80-2.63) vs 1.9% (IQR, 1.12-3.9) in matched
MV (P< .001). MV replacement (30%) and atrial fibrillation surgery (32%) were
similar in both groups. Cardiopulmonary bypass (161 minutes [IQR, 133-203] vs
MV: 130 minutes [IQR, 103-166]; P < .001) and crossclamp times (93 minutes
[IQR, 66-123] vs MV: 83 minutes [IQR, 64-107]; P< .001) were longer with cTVR.
Although in-hospital mortality was similar (cTVR: 3.3% vs MV: 2.2%; P ¼ .5),
postoperative pacemaker implantations (9% vs MV: 5.8%; P ¼ .02), low cardiac
output syndrome (7.7% vs MV: 4.4%; P ¼ .02), and acute kidney injury (13.8%
vs MV: 10%; P ¼ .01) were more frequent with cTVR. cTVR eliminated relevant
TR in most patients (greater-than-moderate TR: 6.8%). Multivariable analysis
identified MV replacement, atrial fibrillation, and cTVR as risk factors of
postoperative pacemaker implantation.

Conclusions: cTVR in minimally invasive MV surgery is an independent risk factor
for pacemaker implantation in this international registry. It is also associated with
more bleeding, low output syndrome, and acute kidney injury. It remains unclear
whether technical or patient factors (or both) explain these differences. (JTCVS
Open 2024;17:64-71)
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Pacemaker implantations after mini-mitral surgery
± concomitant tricuspid valve repair.
CENTRAL MESSAGE

Concomitant tricuspid valve
repair in mitral valve patients is
an independent risk factor for
pacemaker implantation. It re-
mains unclear whether technical
or patient factors explain these
differences.
PERSPECTIVE
Since concomitant tricuspid repair in mitral sur-
gery has the potential to prevent worsening
tricuspid regurgitation during follow-up, the
finding of increased pacemaker need is important
for consenting patients properly and also illus-
trates the need for more detailed investigations
on the underlying causes of postoperative new
pacemaker requirements.

See Discussion on page 72.
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Abbreviations and Acronyms
CTSN ¼ Cardiothoracic Surgical Trials

Network
EuroSCORE ¼ European System for Cardiac

Operative Risk Evaluation
IQR ¼ interquartile range
MV ¼ mitral valve
PS ¼ propensity score
TR ¼ tricuspid regurgitation
TV ¼ tricuspid valve
TVR ¼ tricuspid valve repair
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Continuous variables were expressed as mean (standard deviation) and

categorical variables as percentages. Where continuous variables did not

follow a normal distribution (tested using the Kolmogorov–Smirnov test
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The recent Cardiothoracic Surgical Trials Network (CTSN)
trial, assessing the impact of tricuspid valve repair (TVR) at
the time of mitral valve (MV) surgery, demonstrated a
reduction of severe tricuspid regurgitation (TR) during
follow-up by TVR but a significantly increased risk of
pacemaker implantation (11.6% absolute difference).1

This incidence was judged as surprisingly high,2,3 and
the question arises whether this incidence reflects daily
routine.

The Mini-Mitral International Registry reflects a
collection of real-world data from 17 expert valve centers
across the world, which contains a significant fraction of
patients who receivedMV plus tricuspid valve (TV) surgery
and which collected information on postoperative
pacemaker implantation as well as other perioperative
outcomes.

We assessed the incidence of pacemaker implantation in
this patient population in those patients receiving only
MV surgery as well as those receiving concomitant
tricuspid surgery. We related the findings to other classic
outcomes.
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METHODS
International Registry and Patient Data

The Mini-Mitral International Registry is an independent registry

involving 17 international heart valve centers. The centers combined all

patients who received minimally invasive MV operations with or without

associated procedures between 2015 and 2021. According to the protocol

of the registry, all patients who underwent surgery during the inclusion

period had to be provided by the participating centers.4 Perioperative

characteristics and in-hospital outcomes of 7513 consecutive patients

were collected according to Mitral Valve Academic Research Consortium

definitions.5 Patients with pacemaker implantation before MV surgery,

endocarditis, and the need for tricuspid valve (TV) replacement were

excluded, resulting in 6722 patients to be included in this analysis. The

protocol of the registry, description of the data source, and definition

have been published previously.4 Ethic boards of all centers approved

participation in the registry and this analysis.

Statistical Analysis

were reported. Continuous data were compared with the Student t test or

Mann–Whitney U test, as appropriate. Categorical variables were

compared by the c2 test. Multivariable logistic and linear regression

models (using backward stepwise algorithm) were estimated to evaluate

the effect of patients’ risk profile on outcomes.

To account for potential confounding effects and treatment allocation

bias in our analyses, propensity score (PS) matching was performed to

generate a study cohort of matched patients treated with cTVR treated

and patients treated with MV. PS were estimated using logistic regression

modeling with type of intervention (cTVR vs MV) as the dependent

variable and relevant covariates as the independent variables. The

independent variables were center, sex, age, hypertension, diabetes,

smoking, chronic lung disease, renal failure, poor mobility, cerebrovascu-

lar disease, peripheral vascular disease, coronary artery disease, New York

Heart Association class, preoperative cardiac rhythm, preoperative

atrioventricular block, left ventricular ejection fraction, pulmonary

hypertension, critical preoperative state, previous cardiac surgery, type of

MV surgery, concomitant atrial fibrillation surgery, reintervention, and

urgent/emergent status. Patients undergoing cTVR were matched on a

one-on-one basis with patients undergoing MV surgery on the basis of

PS, by the use of nearest-neighbor matching without replacement, and a

caliper of width equal to 0.2 of the standard deviation of the logit of the

PS, resulting in equal-size study cohorts. Covariate balance was measured

using the standardized differences between the 2 treatment groups, which

were calculated as the differences in the means divided by the pooled stan-

dard deviation and expressed as a percentage. A standardized difference

greater than 10% was considered to represent a meaningful covariate
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TABLE 1. Patient characteristics

Characteristics

Overall cohort Propensity-matched cohort

cTVR

(n ¼ 1113)

MV

(n ¼ 5609) SD P value

cTVR

(n ¼ 1110)

MV

(n ¼ 1110) SD P value

Age, y 72 (64-76) 63 (53-72) 69.4 <.001 72 (64-76) 70 (62-77) �1.1 .4

Male 496 (44.6) 3405 (60.7) �32.4 <.001 496 (44.7) 508 (45.8) �4.9 .5

NYHA class III-IV 713 (64) 2447 (43.6) 42.4 <.001 710 (64) 695 (62.6) 2.2 .6

Arterial hypertension 761 (68.4) 3122 (55.7) 27.7 <.001 758 (68.2) 750 (67.6) 2.7 .7

Diabetes 123 (11) 424 (0.7) 11.1 <.001 123 (11) 124 (11.2) �0.6 .8

Preoperative atrial fibrillation 695 (62.4) 1465 (26.1) 56.5 <.001 692 (62.3) 669 (60.3) 2.6 .8

Preoperative AV block �2.8 .2 1.6 .5

I 27 (2.4) 194 (3.5) 27 (2.4) 35 (3.2)

II 2 (0.2) 9 (0.2) 2 (0.2) 1 (0.09)

Renal impairment (eGFR<85) 851 (76.5) 3047 (54.3) 48.6 <.001 848 (76.4) 832 (75) 0.5 .4

Dialysis 13 (1.2) 48 (0.9) 2.9 .3 13 (1.2) 16 (1.4) �2.5 .6

Coronary artery disease 189 (17) 717 (12.8) 11.5 .01 188 (16.9) 185 (16.7) 3.3 .4

Chronic lung disease 123 (11) 462 (8.2) 10.3 .02 123 (11) 123 (11) – 1

Frailty 53 (4.8) 125 (2.2) 11.5 <.001 53 (4.8) 50 (4.5) 0.9 .8

Cerebrovascular disease 21 (1.9) 88 (1.6) 2.2 .47 21 (1.9) 22 (2) 0.7 .8

Peripheral arteriopathy 33 (3) 132 (2.4) 3.6 .23 33 (3) 31 (2.8) 2.1 .5

Previous cardiac surgery 118 (10.6) 341 (6) 14.6 <.001 117 (10.5) 110 (9.9%) 3.8 .6

MV stenosis (moderate to severe) 117 (10.5) 398 (7.1) 12.6 .02 117 (10.5) 124 (11.2) 2.4 .4

MR (moderate to severe) 998 (89.7) 5299 (94.5) �18 .04 996 (89.7) 1013 (91.3) �9 .1

MV disease etiology �26.7 <.001 �9.4 .07

Degenerative 572 (51.3) 4261 (76) 570 (51.2) 607 (54.7)

Functional 336 (30.1) 627 (11.2) 335 (30.2) 302 (27.2)

Rheumatic 139 (12.5) 397 (7.1) 139 (12.6) 135 (12.2)

Failure previous MV surgery 42 (3.8) 162 (2.9) 42 (3.8) 34 (3.1)

Other 24 (2.2) 162 (2.9) 24 (2.2) 32 (2.9)

Pulmonary hypertension 38 <.001 �0.4 .7

31-55 mm Hg 508 (45.6) 1741 (31) 507 (45.7) 465 (41.9)

>55 mm Hg 136 (12.2) 351 (6.3) 135 (12.2) 149 (13.4)

TR 146 <.001 127 <.001

Mild 142 (12.8) 1690 (30.1) 141 (12.7) 361 (32.5)

Moderate 511 (46) 865 (15.4) 511 (46) 230 (20.7)

Severe 347 (31.2) 34 (0.6) 346 (31.2) 15 (1.4)

LVEF �30.6 <.001 1.6 .1

>50% 797 (71.6) 4748 (84.6) 795 (71.6) 820 (73.9)

31%-50% 288 (25.9) 769 (13.7) 287 (25.9) 249 (22.4)

21%-30% 24 (2.2) 82 (1.5) 24 (2.2) 37 (3.3)

�20% 4 (0.4) 10 (0.2) 4 (0.5) 5 (0.5)

Urgency 82 (7.4) 229 (4) 12.6 <.001 81 (7.3) 81 (7.3) – 1

EuroSCORE II (%) 2.71 (1.42-4.95) 1.15 (0.74-2.21) 39.2 <.001 2.68 (1.41-4.98) 1.9 (1.12-3.9) 15.7 <.001

Data are median (interquartile range) or n (% of total). cTVR, Concomitant tricuspid valve repair;MV, mitral valve; SD, standard deviation; NYHA, New York Heart Association;

AV, atrioventricular; eGFR, estimated glomerular filtration rate; MR, mitral regurgitation; TR, tricuspid regurgitation; LVEF, left ventricular ejection fraction; EuroSCORE,

European System for Cardiac Operative Risk Evaluation.
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imbalance. Because of missing baseline data, treatment effect sizes were

estimated using the multiple imputation method.6 The imputation proced-

ure was performed according to the Rubin’s protocol under the assumption

that missing data are missing at random. Postoperative outcomes were then
66 JTCVS Open c February 2024
compared between matched groups using standard univariate statistical

tests of association. Categorical data were compared using the McNemar

test. Continuous data were compared with paired t test or Wilcoxon signed

rank test, as appropriate. Statistical testing was conducted at the 2-tailed a



TABLE 2. Intraoperative data of the propensity-matched patient cohort

cTVR

(n ¼ 1110)

MV

(n ¼ 1110) P value

Surgical approach <.001

Direct vision 431 (38.8) 281 (25.3)

Video-assisted 397 (35.8) 480 (43.2)

Totally endoscopic 281 (25.3) 343 (30.9)

Robotic 2 (0.2) 6 (0.5)

Surgical access <.001

Anterolateral 857 (77) 846 (76)

Transaxillary 97 (8.7) 127 (11.4)

Periareolar 67 (6) 91 (8.2)

Partial sternotomy 89 (8) 46 (4.1)

Conversion to full sternotomy 25 (2.3) 27 (2.4) .8

Venous cannulation site <.001

Femoral 477 (43) 709 (63.9)

Femoral þ jugular 528 (47.6) 345 (31)

Femoral þ superior vena cava 94 (8.5) 49 (4.4)

Other 12 (1) 5 (0.5)

Myocardial protection* .4

Cardioplegia 1072 (96.6) 1081 (97.4)

Ventricular fibrillation 27 (2.4) 26 (2.3)

Beating heart 12 (1) 2 (0.2)

Type of MV surgery .6

Repair 773 (70) 757 (68)

Replacement 330 (30) 344 (31)

Replacement (failed repair) 8 (0.7) 10 (0.9)

MV repair technique

Annuloplasty 768 (99.3) 746 (98.5) .1

Resection 46 (5.9) 95 (12.6) .01

Sliding 16 (2.1) 17 (2.2) 1

Artificial chords 324 (41.9) 429 (56.7) .001

Edge-to-edge 8 (1) 18 (2.4) .06

AF surgery 354 (32) 362 (33) .8

AF energy source .2

Cryoablation 280 (25.2) 310 (27.9)

Radiofrequency ablation 73 (6.6) 51 (4.5)

Cryo þ radiofrequency ablation 1 (0.1) 1 (0.1)

LAA closure 360 (32.4) 211 (19) <.001

CPB time, min 161 (133-203) 130 (103-166) <.001

Aortic crossclamp time, min 93 (66-123) 83 (64-107) <.001

Repeated aortic crossclamping 25 (2.3) 21 (1.9) .6

Data are median (interquartile range) or n (% of total). cTVR, Concomitant tricuspid valve repair; MV, mitral valve; AF, atrial fibrillation; LAA, left atrial appendage;

CPB, cardiopulmonary bypass. *Myocardial protection during mitral valve surgery.
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level of 0.05. Statistical analysis was performed using Statistical Package

for Social Sciences, version 29.0 (IBM SPSS Inc).
RESULTS
Table 1 shows the preoperative characteristics of

the prepropensity-matched (n ¼ 6722) and the
propensity-matched (n ¼ 2220) patients who received
MV surgery with or without concomitant TVR. In the
prepropensity-matched patient cohort, 17% of the patients
(n ¼ 1113) underwent MV surgery with cTVR and 83%
(n ¼ 5609) underwent MV surgery only. Patients were on
average 65 years old (IQR, 53-76 years, 58% male), and
almost one half of them were in New York Heart
Association class III-IV. One third had preoperative atrial
fibrillation, 15% had an estimated glomerular filtration
rate less than 50 mL/min, and more than 80% had a left
JTCVS Open c Volume 17, Number C 67



TABLE 3. In-hospital outcomes of the propensity-matched cohort

cTVR

(n ¼ 1110)

MV

(n ¼ 1110) P value

In-hospital mortality 37 (3.3) 24 (2.2) .5

Stroke 23 (2) 13 (1.2) .3

Intubation time, h 9 (5-18) 7 (5-12) <.001

Reintubation/tracheostomy 54 (4.9) 49 (4.4) .5

Bleeding (requiring revision) 102 (9.2) 73 (6.6) .04

Transfusions (unit) 0 (0-2) 0 (0-2) <.001

New-onset AF 99 (8.9) 120 (10.8) .2

Definitive pacemaker implantation 101 (9) 64 (5.8) .02

Myocardial infarction 16 (1.5) 8 (0.69) .4

Low cardiac output 86 (7.7) 49 (4.4) .02

Acute kidney injury .01

Stage 1 108 (9.7) 61 (5.5)

Stage 2 16 (1.4) 10 (0.9)

Stage 3 30 (2.7) 19 (1.7)

Dialysis 36 (3.2) 29 (2.6) .3

Vascular complications .7

Major 19 (1.7) 17 (1.5)

Minor 7 (0.6) 6 (0.5)

Thoracic wound complications 10 (0.9) 18 (1.6) .2

Redo for early failure 9 (0.8) 14 (1.3) .1

MR (after MV repair) .06

Mild 202 (18.2) 165 (14.9)

Moderate 5 (0.5) 15 (1.4)

Severe 1 (0.1) 2 (0.2)

TR <.001

Mild 708 (63.8) 497 (44.8)

Moderate 75 (6.8) 95 (8.6)

Severe 9 (0.8) 6 (0.5)

ICU stay, h 24.5 (20-96) 24 (20-48) <.001

Hospital stay, d 10 (7-15) 8 (7-12) <.001

Data are median (interquartile range) or n (% of total). cTVR, Concomitant tricuspid valve repair;MV, mitral valve; AF, atrial fibrillation;MR, mitral regurgitation; TR, tricuspid

regurgitation; ICU, intensive care unit.
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ventricular ejection fraction greater than 50%. Among MV
pathologies, the degenerative type was most common,
followed by functional, rheumatic, and other pathologies
in descending frequency. Median European System for
Cardiac Operative Risk Evaluation (EuroSCORE) II was
1.3%. Preoperative patient characteristics showed relevant
differences, with patients who underwent cTVR being older
(72 years [IQR, 64-67 years] vs MV: 63 years [IQR,
53-72 years]; P< .001) and presenting with substantially
more risk factors, such as diabetes, atrial fibrillation, kidney
disease, and pulmonary hypertension. Propensity matching
resulted in 1110 balanced pairs with a median age of
71 years (IQR, 62-77 years) and 45% being male. Here,
68 JTCVS Open c February 2024
preoperative characteristics were similar except for more
moderate/severe TR in the patients who underwent cTVR
(77.2% vs MV: 22.1%; P<.001). EuroSCORE II was still
greater in patients who underwent cTVR (2.68% vs MV:
1.9%; P<.001).

Table 2 shows the intraoperative data of the
propensity-matched patient cohort. In contrast to the MV
group, patients who underwent cTVR were more often
operated under direct vision than video-assisted,
endoscopically, or with the robotic approach and mostly
through an anterolateral access. Conversion rate to full
sternotomy was comparable (cTVR: 2.3 vs MV: 2.4%;
P ¼ .8). Bicaval venous cannulation was more common
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FIGURE 1. Postoperative permanent pacemaker rate for patients

undergoing MV surgery with or without cTVR for the propensity-

matched and prepropensity-matched comparison. cTVR, Concomitant

tricuspid valve repair; MV, mitral valve.
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in patients who underwent cTVR (57%) with cannulation
of the femoral plus jugular vein and less common in direct
cannulation of the superior vena cava. In both groups, the
vast majority of patients underwent MV surgery on the ar-
rested heart, mostly using single-shot crystalloid
cardioplegia (58%). MV repair rate was 70% for all
pathologies and 90% for degenerative ones. There were
similar rates of concomitant atrial fibrillation surgery
(32%) using either cryo- and/or radiofrequency ablation
in both matched groups. Cardiopulmonary bypass times
(161 minutes vs MV: 130 minutes; P< .001) and aortic
crossclamp time (93 minutes vs MV: 83 minutes;
P<.001) were longer in the cTVR group.

Table 3 shows the in-hospital outcomes of the
propensity-matched cohort. Although in-hospital mortality
rates were similar (cTVR: 3.3% vs MV: 2.2%; P ¼ .5),
bleeding requiring revision (9.2% vs MV: 6.6%;
P ¼ .04), postoperative pacemaker implantations (9% vs
MV: 5.8%; P¼ .02; Figure 1), low cardiac output syndrome
(7.7% vs MV: 4.4%; P ¼ .02), and acute kidney injury
(13.8% vs MV: 10%; P ¼ .01) were more frequent in the
cTVR group. Hospital stay was also longer in this group
(10 days vs MV: 8 days; P < .001). Concomitant TVR
eliminated relevant TR in the vast majority of patients.
Table 3 shows the patients who had any signs of
postoperative TR. In 44.8% of patients TR was mild, in
6.8% moderate, and in 0.5% severe. The remaining
patients had no TR.

Table 4 shows the multivariable analysis assessing the
risk of permanent pacemaker implantation. Multivariable
analysis identified MV replacement, atrial fibrillation,
and concomitant TVR as independent predictors of
postoperative pacemaker implantation.
DISCUSSION
We demonstrate in this largemulticenter registry analysis

that concomitant TVR in minimally invasive MV surgery is
an independent risk factor for pacemaker implantation in
the real world. It is also associated with greater risk of
bleeding and more low output syndrome and kidney injury,
and it is not clear from these data whether technical or
patient factors (or both) explain these differences.
The benefits of cTVR in patients undergoingMV surgery

have been described previously.1 Patients with moderate or
less-than-moderate TR receiving cTVR during MV surgery
had a lower incidence of a composite end point (progression
of TR, reoperation for TR, death) than those undergoing
MV surgery alone at 2-year follow-up (3.9% vs 10.2%;
P¼ .02). This benefit was mainly driven by lower incidence
of TR progression in the cTVR group (0.6% vs MV: 6.1%;
relative risk, 0.09; 95% confidence interval, 0.01-0.69), but
it was reduced by significantly greater postoperative
permanent pacemaker rates (14.1% vs MV: 2.5%; rate ra-
tio, 5.75; 95% confidence interval, 2.27-14.60) bearing the
risk for these patients of potential long-term side effects,
such as a higher incidence for heart failure.7 Thus, the cur-
rent results of the CTSN trial did not show differences in
heart failure rates of patients with and without pacemaker
implantation at 2-year follow-up. Therefore, the 5-year
follow-up is highly anticipated, as it will provide further
insights regarding the clinical impact of pacemaker
implantation over time. Balancing the risk of potential
long-term pacemaker associated adverse events and the
increased morbidity and mortality risk associated with
uncorrected TR and reoperation for TR8-11 it is a matter
of individual judgment whether the advantages of
concomitant TVR can outweigh the disadvantages.
It is generally accepted that severe TR decreases survival

and the degree of TR is related to mortality11 and not
addressing mild or moderate TR at time of cardiac surgery
led to poorer survival rates in a large retrospective study
including more than 20,000 patients.12 For mild or
moderate TR that has not concomitantly been addressed,
a progress of TR in approximately 25% of patients has
been described, impairing survival and functional
outcome.2,8,13-15 As it is difficult to predict whether TR
improves after left-sided heart valve surgery and
reoperation due to the fact severe TR is associated with
greater risk for morbidity and mortality,16,17 it has been
suggested to be addressed during index procedure to
prevent future progression.2,8,18-20

However, understanding the risk factors for postoperative
pacemaker implantation might be helpful in decision-
making and surgical planning for cTVR and the sequence
of pacemaker implantation. Risk factors, such as age and
valvular pathology, and other comorbidities, such as rhythm
disturbances, renal impairment, and diabetes, are associated
JTCVS Open c Volume 17, Number C 69



TABLE 4. Multivariable analysis for permanent pacemaker

implantation (backward stepwise logistic regression)

Variable P value OR 95% Cl

Arterial hypertension .008 2.797 1.327-5.893

Surgical approach – – –

Venous cannulation site – – –

Concomitant tricuspid repair .02 1.993 1.128-3.523

Mitral valve replacement <.001 3.426 2.042-5.746

Preoperative atrial fibrillation .009 2.566 1.272-5.178

Crystalloid cardioplegia <.001 0.231 0.113-0.503

OR, Odds ratio; CI, confidence interval.
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with greater pacemaker rates.21 Complementing the CTSN
trial, our registry reflects “real-world practice” in a patient
population with a wider range of MV pathologies who
received only minimally invasive surgery. Similar to the
CTSN trial, we also found greater pacemaker rates in
patients who underwent cTVR, although the frequencies
differed between the 2 studies. In contrast to the CTSN trial,
we found a numerically greater pacemaker rate in patients
undergoing isolated MV surgery (5.8%) but a lower one
in the patients who underwent cTVR (9.1% vs CTSN trial:
11.1%).1 For patients undergoing MV surgery only, these
greater rates might be explained as they were older, and
presented with other MV pathologies requiring more MV
replacement as well as greater incidence of atrial
fibrillation, thus, these greater pacemaker rates might be
explained by comorbidities rather than technical aspects.
However, there were no relevant differences in the need
for postoperative pacemaker among the centers. For
patients undergoing cTVR, other studies showed also
greater pacing rates,1-3,12 so that surgical–technical aspects
cannot be ignored. Beating-heart strategy for TVR might
allow detecting surgically induced rhythm disturbances
during TVR. In our personal experience, TVR (isolated
and concomitant) on the beating heart has resulted in very
low heart block and pacemaker rates (unpublished
observations). To us, this approach allows for immediate
detection of surgically induced rhythm disturbances during
TVR and, thus, for procedure adjustment (eg, removal of
misplaced annuloplasty sutures). Unfortunately, we are
not able to specify this hypothesis, because in the registry
the information whether TVR was performed on the
arrested or beating heart was only recorded in a
small proportion of patients. Nevertheless, future
investigations might be able to further elaborate this issue
in the context of pacemaker rates and correlating patient
prognosis.

Further consideration of TR reflects a unique
pathophysiology, as it is often associated with liver
dysfunction, which is a critical risk factor in cardiac surgery
in particular for patients undergoing isolated TV surgery.22
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In the CTSN trial,1 no patients had severe TR. In the present
patient population, one-third of patients had severe TR.
Specifically in these patients, congestion of liver and kidney
are possible pathomechanistic scenarios. Liver
congestion may contribute to decreased (diastolic) cardiac
function and cardiac remodeling,23 coagulopathy, and
immunologic and metabolic impairment.24 In our study,
patients who underwent cTVR required more surgical
revisions due to a greater incidence of postoperative
bleeding, had longer intubation time, and had a greater
incidence of low cardiac output and acute kidney injury
associated with longer intensive care unit and hospital
stay. These factors may all interact with each other and
explain the greater incidence of bleeding and heart failure.
Since no information on liver function is available from our
registry, the aforementioned pathomechanism remains
hypothetical.
Limitations
This study has several limitations: It is limited by its

retrospective nature and the resulting potential confounders.
By propensity matching, we tried to balance these factors as
good as possible. Despite these attempts to align the groups,
differences remained. Patients in the cTVR group might
have undergone surgery at a more severe stage. Greater
values for EuroSCORE II might be explained in part by
the fact that cTVR is a risk factor itself in the EuroSCORE
calculation. However, patients who undergo cTVR carry a
greater disease burden by the inherent preoperative degree
of TR. This potential hazard can, of course, not be elimi-
nated by propensity matching. As alluded to previously,
TR-associated comorbidities such as liver congestion
potentially increase perioperative risk, but data from our
registry are unable to provide a complete answer. In addi-
tion, the registry does not allow for more in-depth analysis
of pacemaker implantation because some specific informa-
tion was not collected (ie, surgical details of TVR or clinical
details of pacemaker therapy). For instance, it remains
unclear whether surgical, technical, or patient factors
contributed more to the postoperative pacemaker rate.
Finally, there is one difference to the CTSN trial. In our
registry, the majority of patients who received cTVR had
moderate-to-severe TR. This difference underscores the
difference in comorbidity status, but its contribution to the
individual outcome remains unclear.
CONCLUSIONS
Concomitant TVR in minimally invasive MV surgery is

an independent risk factor for pacemaker implantation in
this international registry. It is also associated with a greater
risk of bleeding and more low output syndrome and acute
kidney injury. It remains unclear whether technical or
patient factors (or both) explain these differences.



Faerber et al Adult: Aortic Valve
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://www.aats.org/resources/pace
maker-implantation-after-concomitant-tricuspid-valve-re
pair-in-patients-undergoing-minimally-invasive-mitral-
valve-surgery-results-from-the-mini-mitral-international-re
gistry.
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