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ABSTRACT 

Background Little is known about transcatheter edge-to-edge repair (TEER) for mitral regurgitation (MR) that is per- 
formed outside of usual working hours. We aimed to explore the prevalence, correlates, and outcomes of mitral TEER initiated 

off-hours, ie, before 7:30 am, after 5:30 pm, or on weekends/holidays. 

Methods A single-center registry of isolated, first-time interventions was retrospectively analyzed in its entirety and after 
propensity-score matching. Outcomes included all-cause mor tality, hear t failure (HF) hospitalizations, and the persistence of 
MR and functional incapacitation along the first postprocedural year. 

Results A total of 1,177 procedures were studied. Of them, 117 (9.9%) took place off-hours. These were more often 
urgent interventions (30.8% vs. 14.3%, P < .001) performed in the midst of acute HF / hemodynamic compromise and 

on individuals with greater comorbidity, more advanced HF, and higher interventional risk. Overall procedural features 
were unaffected by interventional timing, and a high ( > 97%) technical success rate was achieved unanimously. MR severity 
and functional class similarly improved from baseline in the 2 study groups. Deaths and the composite of deaths or HF 
hospitalizations occurred earlier and more frequently following off-hours procedures (18.8% vs. 11.5%, P = .022 and 

33.3% vs. 24.6%, P = .040, respectively). None of the explored endpoints’ risks were independently associated with 
procedural timing. Within a 234-patient, 1-to-1 matched sub-cohort, no inter-group differences were observed in pre-, intra-, 
and postprocedural findings and outcomes. 

Conclusions A noninfrequent procedure, off-hours mitral TEER is performed in high-risk cases but, in the hands of 
experienced interventionalists, should prove safe, feasible, and efficacious. (Am Heart J 2025;282:70–80.) 

 

 

 

 

 

Background 

Transcatheter edge-to-edge repair (TEER) for mi-
tral regurgitation (MR) has emerged as the guideline-
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recommended alternative to surgery in patients deemed
to be at prohibitive surgical risk. 1 , 2 Although the proce-
dure is commonly performed in centers of excellence
capable of operating 24 hours a day, 7 days a week,
365 days a year, currently there are no published, peer-
reviewed data directly relating to its utilization outside of
usual working hours, including weekends and holidays.
Consequently, off-hours mitral TEER arguably may not be
regarded as evidence-based per-se, somewhat impairing
optimal decision-making. To address this knowledge gap,
presumably relevant to a growing number of cases world-
wide, we analyzed a large, contemporary database of mi-
tral TEER patients as a function of procedural timing.
Specifically, we assessed the prevalence of after-hours in-
terventions, as well as their associated preprocedural pa-
tient characteristics, intraprocedural aspects, and post-
procedural course. 
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Methods 

Study population and outcomes 
The present retrospective analysis encompassed con-

secutive isolated, first-time mitral TEER procedures per-
formed on adult patients at Cedars-Sinai Medical Center
between January 1st, 2013 and December 31st, 2022.
Mirroring elective scheduling, interventions taking place
before 7:30 am, after 5:30 pm, during the weekend (i.e.,
on a Saturday or Sunday), or on a federal holiday, were
considered off-hours. Cases lacking retrievable baseline
transthoracic echocardiographic (TTE) images of suffi-
cient quality and/or information on procedural timing
were excluded. 

The primary outcome was the composite of all-cause
deaths or heart failure (HF) hospitalizations during the
first postinterventional year. Secondary outcomes in-
cluded individual components of the primary outcome,
as well as the persistence, at 1-month and 1-year post-
procedure, of significant valvulopathy and functional dis-
ability, represented by moderate-to-severe or greater MR
and New York Heart Association (NYHA) class III-IV, re-
spectively. 

Conforming to the Declaration of Helsinki, the study
was approved by Cedars-Sinai’s Institutional Review
Board, which waived the requirement for informed con-
sent. 

Procedural aspects 
Procedures were undertaken following a Heart Team

recommendation that weighted patient preferences and
best scientific evidence at the time, irrespective of in-
terventional urgency and timing. All utilized MitraClipTM 

devices (Abbott Vascular Inc, Santa Clara, CA) and were
conducted under general anesthesia, using a trans-septal
approach and femoral venous access. Transesophageal
echocardiography (TEE), fluoroscopy, and right heart
catheterization served for guidance and monitoring.
Technical success was defined upon actual device de-
ployment not followed by major complications or need
for surgical revision within the first 24 hours. 3 

Echocardiographic assessment 
Echocardiograms were conducted by experienced

sonographers and echocardiologists and interpreted by
2 core lab, level-III trained echocardiologists (AS and
HT) who were blinded to patient history, all in accor-
dance with accepted guidelines. 4 , 5 , 6 The ultrasound sys-
tem used was EPIQ (Philips, Andover, MA). Post-test pro-
cessing utilized Syngo Dynamics (Siemens Healthcare, Er-
langen, Germany). 

MR etiology was determined based on valve morphol-
ogy as observed on the intraprocedural TEE. MR sever-
ity was assessed by integration of qualitative and quan-
titative measures and graded as 0 (none/minimal), 1 +
(mild/mild-to-moderate), 2 + (moderate), 3 + (moderate-
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library 
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to-severe), or 4 + (severe). Left heart function and vol-
umes were calculated using biplane methods. Right ven-
tricular function was evaluated qualitatively using eyeball
assessment of global contraction and by virtue of the
tricuspid annular plane systolic excursion (TAPSE) and
TAPSE to pulmonary ar ter ial systolic pressure ratio. In-
traprocedural pulmonary venous flow pattern improve-
ment was defined as any rise in the peak systolic/diastolic
velocity ratio in any pulmonary vein. 

Data collection 

Per institutional protocol, patients were assessed at
baseline, hospital discharge, and 1 month and 1 year after
the procedure. Data were retrospectively extracted from
an electronic medical chart, which was updated in real
time by local medical providers and state authorities. 

Statistical analysis 
Analyses were first completed for the entire cohort

and, regarding outcomes, also among patients who un-
derwent procedures urgently. All were then repeated
in a propensity score (PS)-matched sub-cohort, which
was constructed using a nearest-neighbor, 1-to-1 match-
ing and a tolerance of ≤0.1. Covariates incorporated in
the binary logistic regression model used for predicting
the probability of undergoing an off-hour mitral TEER
included: MitraScore 7 elements (ie, age 75 years and
above, left ventricular ejection fraction below 40%, ane-
mia, stage ≥III chronic kidne y disease, per ipheral ar te-
rial disease, chronic obstructive pulmonary disease, ad-
ministration of high-dose diuretics, and no use of renin-
angiotensin system inhibitors), sex, race, MR etiology,
atr ial fibr illation/flutter status, NYHA class at baseline,
and procedural urgency. 

Variables were reported as frequencies and percent-
ages or medians and interquartile ranges (IQRs), and
compared using Pearson’s chi-square, Fisher’s exact, or
Mann-Whitney U tests. Temporal changes in the same
parameters were assessed by McNemar or Wilcoxon
signed-rank tests. 

The evolving probabilities of experiencing clinical
events as a function of procedural timing and of rea-
sons for off-hours scheduling were illustrated using the
Kaplan-Meier method, whereas cumulative events’ inci-
dences were compared using the Log-Rank test. Associ-
ations between an off-hours timing and outcomes’ risks
were assessed using univariable Cox or binary logistic
regression analyses, as appropriate, after which multi-
variable models were utilized in case a P-value of < .1
was demonstrated. These latter analyses included addi-
tional parameters of perceived/proven prognostic signif-
icance which also possessed a similarly low P-value at
the univariable stage, all while ensuring noncollinearity
according to the variance inflation factor. Potential pre-
dictors for the primary outcome within the off-hours mi-
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Figure 1. Study flow chart. CSMC, Cedars-Sinai Medical Center; PS, propensity score; TEER, transcatheter edge-to-edge repair; TTE, 
transthoracic echocardiogram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tral TEER group were evaluated using an identical 2-step
multivariable Cox regression analysis. 

Cases with missing values were censored from the rel-
evant calculations. A 2-sided P-value of < .05 defined sta-
tistical significance. All analyses were performed using
SPSS 29 (IBM Corporation, Armonk, NY). 

Results 

Baseline characteristics of the study population 

A total of 1,177 subjects met the study’s inclusion cri-
teria and were followed for 470 (IQR, 102-1,112) days
( Figure 1 ). Of them, 117 (9.9%) underwent mitral TEER
not during usual working hours, with 19 (16.2%) of
those on weekends/holidays. Documented reasons for
conducting the procedure outside of regular hours were
available in the minority of cases ( n = 49, 41.9%) and
included acute decompensated HF ( n = 30, 25.6%), un-
foreseen delays in catheterization lab schedule ( n = 12,
10.3%), and pre-planning ( n = 7, 6.0%). 

Compared to patients treated on-hours, those receiving
MitraClipTM devices off-hours displayed a greater burden
of comorbidities, more advanced HF indices, and higher
interventional risk scores ( Table 1 ). The latter also were
almost twice as likely to present with acute HF and/or
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Lib
2025. Para uso personal exclusivamente. No se permiten otros usos sin autor
hemodynamic instability ( n = 51, 43.6% vs. n = 239,
22.5%, P < .001), and exhibited a non-significantly more
severe MR, reduced left ventricular function, and en-
larged left heart dimensions. Overall demographic fea-
tures, MR etiology, and other echocardiographic findings
were non-different. 

Procedural details and periprocedural course 

Off-hours interventions were performed on an urgent
basis more frequently ( n = 36, 30.8% vs. n = 152,
14.3%, P < .001) and led to a lengthier hospitalization
which was less likely to conclude with a home discharge
( Table 2 ). No intergroup differences were otherwise ob-
served regarding actual procedural aspects and immedi-
ate results. Most importantly, similarly high ( > 97%) rates
of technical success and MR reduction to moderate or
less were demonstrated in the 2 study groups. 

Outcomes 
By the end of the first postprocedural year, patients

within the off-hours mitral TEER group sustained earlier,
more frequent primary composite outcome events of all-
cause deaths or HF hospitalizations when compared to
their on-hours counterparts ( n = 39, 33.3% vs. n = 261,
rary of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 1. Baseline characteristics. 

Off-hours (n = 117) Nonmatched total cohort Matched sub-cohort 

On-hours (n = 1,060) P -value On-hours (n = 117) P -value 

Demographic details 
Age 78 (68-84) 78 (69-85) .875 77 (71-84) .855 
Sex male 78 (66.7) 629 (59.3) .125 77 (65.8) .890 
Non-white race 31 (26.5) 271 (25.6) .827 41 (35.0) .157 
Comorbidities 
Body surface area, mosteller formula (m2 ) 1.9 (1.6-2.1) 1.8 (1.6-2.0) .608 1.8 (1.7-2.0) .426 
Diabetes mellitus 32 (27.4) 289 (27.3) .951 39 (33.3) .373 
Hypertension 90 (76.9) 890 (84.0) .050 97 (82.9) .253 
Chronic obstructive pulmonary disease 22 (18.8) 145 (13.7) .132 15 (12.8) .210 
Anemia 82 (7.1) 609 (6.2) .038 89 (76.1) .480 
Stage ≥III chronic kidney disease 91 (77.8) 716 (70.8) .111 94 (80.3) .630 
Previous myocardial infarction, PCI, or CABG 55 (47.0) 439 (41.4) .245 58 (49.6) .695 
Prior stroke or transient ischemic attack 15 (12.8) 159 (15.0) .528 19 (16.2) .458 
Peripheral arterial disease 10 (8.5) 94 (8.9) .905 13 (11.1) .920 
Atrial fibrillation/Flutter 66 (56.4) 564 (53.2) .510 66 (56.4) 1.000 
Heart failure features 
New York Heart Association class .029 .952 

II 6 (5.1) 93 (8.8) .178 5 (4.3) .757 
III 44 (37.6) 493 (46.5) .067 44 (37.6) 1.000 
IV 67 (57.3) 474 (44.7) .010 68 (58.1) .895 

Kansas city cardiomyopathy questionnaire 12 score (points) 30.21 (13.00-52.60) 38.54 (20.00-59.90) .062 27.60 (16.67-57.81) .956 
Acute heart failure, cardiogenic shock, or hemodynamic support 51 (43.6) 239 (22.5) < .001 41 (35.0) .181 
Serum B-type natriuretic peptide level (pg/mL) 768 (347-2,238) 507 (231-1,247) < .001 1,040 (394-2,152) .516 
Interventional risk 

Society of thoracic surgeons score for mitral valve repair (points) 7.4 (4.5-11.3) 5.6 (2.8-9.2) < .001 6.7 (3.2-10.6) .149 
Mitral regurgitation international database score (points) 10 (9-11) 10 (8-11) .472 10 (9-11) .446 
MitraScore (points) 4 (3-5) 3 (2-4) < .001 4 (3-4) .729 

( continued on next page ) 
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Table 1. ( continued ) 

Off-hours (n = 117) Nonmatched total cohort Matched sub-cohort 

On-hours (n = 1,060) P -value On-hours (n = 117) P -value 

Treatment 
Medications 

Beta blockers 73 (62.4) 713 (67.3) .288 79 (67.5) .234 
Renin angiotensin system inhibitors 42 (35.9) 536 (50.6) .003 50 (42.7) .243 
Mineralocorticoid receptor antagonists 22 (18.8) 203 (19.2) .928 19 (16.2) .606 
Loop diuretics 88 (75.2) 765 (72.2) .738 88 (75.2) 1.000 

Cardiac implantable electronic device 45 (38.5) 339 (32.0) .156 39 (33.3) .414 
Dialysis 15 (12.8) 86 (8.1) .084 13 (11.1) .687 
Mitral valve parameters 
Mitral regurgitation etiology .283 .700 

Functional 70 (59.8) 554 (52.3) .120 70 (59.8) 1.000 
Primary 43 (36.8) 455 (42.9) .200 45 (38.5) .787 
Mixed 4 (3.4) 51 (4.8) .498 2 (1.7) .683 

Severe mitral regurgitation 94 (80.3) 770 (72.9) .084 97 (82.9) .613 
Transmitral mean pressure gradient (mmHg) 3 (2-4) 3 (2-4) .598 3 (2-4) .766 
Moderate and above mitral annular calcification 10 (8.5) 108 (10.2) .575 14 (12.0) .252 
Left heart echocardiographic parameters 
Left ventricular ejection fraction (%) 45 (20-61) 51 (30-63) .057 36 (25-62) .695 
Left ventricular end-systolic diameter (cm) 4.2 (3.2-5.5) 3.8 (3.1-5.0) .054 4.2 (3.2-5.4) .876 
Left atrial volume index (mL/m2 ) 54.0 (42.0-79.2) 57.0 (43.8-73.3) .812 6.5 (47.2-78.8) .336 
Moderate and above aortic stenosis/regurgitation 11 (9.4) 73 (6.9) .316 6 (5.1) .208 
Right heart echocardiographic parameters 
Qualitative global right ventricular dysfunction 52 (48.1) 421 (44.7) .500 55 (49.5) .492 
Right ventricular end-diastolic basal diameter (cm) 4.2 (3.5-4.7) 4.1 (3.6-4.6) .708 4.2 (3.6-4.7) .888 
Moderate-to-severe and above tricuspid regurgitation 27 (23.1) 240 (22.6) .915 28 (23.9) .877 
Tricuspid annular plane systolic excursion (TAPSE) (mm) 16 (13-20) 17 (14-20) .623 15 (13-20) .524 
Pulmonary arterial systolic pressure (PASP) (mmHg) 46 (34-60) 45 (34-57) .424 50 (38-61) .377 
TAPSE/PASP (mm/mmHg) 0.33 (0.23-0.52) 0.37 (0.27-0.55) .191 0.34 (0.24-0.45) .754 

Data are presented as number (percentage) or median (interquartile range, maximum). Figures in bold denote statistical significance. 
CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention. 
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Table 2. Procedural details and periprocedural course. 

Off-hours (n = 117) Nonmatched total cohort Matched sub-cohort 

On-hours (n = 1,060) P -value On-hours (n = 117) P -value 

General procedural aspects 
Urgent procedure 36 (30.8) 152 (14.3) < .001 36 (30.8) 1.000 
Total duration (min) 105 (82-128) 107 (85-136) .165 110 (86-142) .252 
Fluoroscopy duration (min) 21 (14-28) 20 (14-28) .998 21 (15-29) .519 
Device time (min) 49 (31-63) 48 (33-69) .433 49 (31-71) .779 
Concomitant atrial septal defect closure 5 (4.3) 28 (2.6) .367 4 (3.4) 1.000 
Complications ∗ 3 (2.6) 22 (2.1) .731 2 (1.7) 1.000 
Conversion to surgery 0 (0.0) 1 (0.1) 1.000 0 (0.0) NA 

Aborted procedure 0 (0.0) 22 (2.1) .157 3 (2.6) .247 
Number of devices implanted 2 (1-2) 2 (1-2) .801 2 (1-2) .204 
3rd/4th-Generation device use 60 (51.3) 493 (46.5) .326 59 (5.4) .896 
Non-A2P2 clipping 15 (12.8) 92 (8.7) .139 10 (8.5) .296 
Mean annual procedural volume of main operator 47.3 (35.5-59.0) 47.2 (35.7-58.7) .965 48.0 (36.1-60.1) .922 
Immediate echocardiographic results 
Mitral regurgitation severity 

Up-to-mild 82 (71.3) 768 (73.0) .697 84 (72.4) .851 
Up-to-moderate 113 (98.3) 1,020 (97.0) .570 113 (97.4) 1.000 

Transmitral mean pressure gradient (mmHg) 3 (2-4) 3 (2-4) .239 3 (2-4) .801 
Pulmonary venous flow pattern improvement 65 (83.3) 564 (77.6) .243 67 (87.0) .519 
Hemodynamic findings 
Left atrial V-wave 

Preclip deployment (mmHg) 32 (19-47) 30 (20-43) .438 32 (20-44) .878 
Postclip deployment (mmHg) 19 (13-27) 21 (15-27) .163 21 (14-27) .383 
P -value for pre vs. postclip deployment < .001 < .001 NA < .001 NA 

Left atrial mean pressure 
Preclip deployment (mmHg) 20 (14-28) 19 (13-26) .306 19 (13-28) .976 
Postclip deployment (mmHg) 15 (10-20) 15 (11-20) .313 16 (11-21) .275 
P -Value for pre vs. postclip deployment < .001 < .001 NA < .001 NA 

Periprocedural course 
Hospitalization length after procedure (days) 4 (1-11) 1 (1-5) < .001 3 (1-8) .103 
Discharge home 100 (88.5) 978 (93.6) .043 103 (89.6) .796 

Data are presented as number (percentage) or median (interquartile range). Figures in bold denote statistical significance. 
∗ Complications were defined as any of the following: thrombotic or bleeding events, cardiac tamponade, leaflet injury, or new arrhythmic phenomena (including 

conduction anomalies). 
NA, not applicable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24.6%, P = .040; Log-Rank P = .021), a finding which was
driven by excess mortality ( n = 22, 18.8% vs. n = 122,
11.5%, P = .022; Log-Rank P = .019) but not hospital-
izations ( n = 21, 17.9% vs. n = 173, 16.3%, P = .652;
Log-Rank P = .410) ( Table 3 and Figure 2 ). By contrast,
the persistence of above-moderate MR ( n = 1, 2.9% vs.
n = 33, 6.9%, P = 0.499), NYHA class III-IV ( n = 9, 22.0%
vs. n = 121, 23.6%, P = .812), and the composite of
both ( n = 11, 22.9% vs. n = 145, 24.5%, P = .602) were
all comparable in the 2 groups ( Table 3 and Figure 3 ).
Similarly, a significant improvement from baseline in MR
severity and NYHA class was noted regardless of proce-
dural timing ( Figure 2 ). 

According to regression models, none of the explored
outcomes’ risks were independently associated with the
time of procedural performance ( Table 3 and Supple-
mentary Tables 1-2 ). Procedural timing also did not
influence the odds of data availability regarding post-
interventional residual MR or NYHA class ( Table 3 ).
Lastly, a focused analysis limited to individuals under-
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library 
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going an urgent mitral TEER did not demonstrate any
association between procedural timing and either out-
comes’ frequencies or risks, nor between the former
and data availability ( Supplementary Table 3 ). An ad-
ditional analysis dedicated to off-hours procedures re-
vealed the MitraScore, as a continuous variable, and sig-
nificant (i.e., moderate-to-severe and above) tricuspid re-
gurgitation as the sole baseline parameters that were as-
sociated with the risk for the primary outcome ( Supple-
mentary Table 4 ). Concurrently, neither HF presenta-
tion / hemodynamic status nor interventional urgency, a
weekend/holiday scheduling, device generation, and op-
erator experience were predictive of that risk. According
to an exploratory analysis, the rates and cumulative in-
cidences of the primary outcome within the off-hours
mitral TEER group were non-different across the main
reason categories for performing the procedure at that
timing (i.e., acute decompensated HF, delays in catheter-
ization lab schedule, preplanning, and unknown) ( Sup-
plementary Figure 1 ). 
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 3. Outcomes. 

Frequency Risk associated with off-hours procedure ∗

Nonmatched total cohort Matched sub-cohort Nonmatched total cohort Matched sub-cohort 

Off-hours ( n = 117) On-hours ( n = 1,060) P -value On-hours( n = 117) P -value HR/OR (95% CI) P -value HR/OR (95% CI) P -value 

Primary outcome 
All-cause mortality or heart failure hospitalizations at 1-year 39 (33.3) 261 (24.6) .040 36 (3.8) .674 1.07 (0.69-1.64) .753 † 1.12 (0.71-1.77) .614 
Secondary outcomes 
All-cause mortality at 1-year 22 (18.8) 122 (11.5) .022 17 (14.5) .380 1.02 (0.57-1.85) .936 † 1.33 (0.71-2.50) .378 
Heart failure hospitalizations at 1-year 21 (17.9) 173 (16.3) .652 27 (23.1) .331 1.21 (0.77-1.90) .411 0.81 (.46-1.43) .468 
Mitral regurgitation severity moderate-to-severe and above or New York Heart Association class III-IV 

At 1-month 22 (25.6) 208 (24.3) .724 24 (25.8) .928 1.10 (0.64-1.89) .724 0.97 (0.48-1.96) .928 
At 1-year 11 (22.9) 145 (24.5) .602 20 (36.4) .106 0.82 (0.38-1.75) .602 0.46 (0.18-1.19) .109 

Mitral regurgitation severity moderate-to-severe and above 
At 1-month 3 (4.2) 48 (6.3) .512 3 (3.7) 1.000 .65 (0.20-2.15) .482 1.15 (0.22-3.87) .869 
At 1-year 1 (2.9) 33 (6.9) .499 5 (10.9) .228 0.39 (.05-2.97) .366 0.24 (0.03-2.17) .204 

New York Heart Association class III-IV 
At 1-month 19 (25.0) 172 (22.2) .572 21 (25.3) .965 1.17 (0.68-2.02) .572 0.98 (0.48-2.02) .965 
At 1-year 9 (22.0) 121 (23.6) .812 19 (39.6) .109 0.91 (0.42-1.96) .812 0.43 (0.17-1.20) .178 

Data availability / alive patients 
All-cause mortality or heart failure hospitalizations at 1-Year 117/117 (100.0) 1,060/1,060 (100.0) 1.000 117/117 (100.0) 1.000 NA NA NA NA 

Mitral regurgitation severity or New York Heart Association class 
At 1-month 86/110 (78.2) 855/1,032 (82.4) .159 93/113 (82.3) .159 0.65 (0.41-1.02) .101 0.63 (0.33-1.21) .161 
At 1-year 48/95 (50.5) 591/938 (63.0) 0.015 55/100 (55.0) .438 0.68 (0.43-1.73) .891 † 0.80 (0.46-1.40) .439 

Data are presented as number (percentage) or median (interquartile range). Figures in bold denote statistical significance. 
∗ Per univariable analysis unless specified otherwise. 
† Per multivariable analysis. 

CI, confidence interval; HR, hazard ratio; NA, not applicable; OR, odds ratio. 
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Figure 2. One-year cumulative incidence of all-cause mortality and/or heart failure hospitalizations. Panels A-C refer to the 
nonmatched total cohort. Panels D-F refer to the matched sub-cohort. TEER, transcatheter edge-to-edge repair. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Propensity score-matched analysis 
Within a 234-patient PS-matched sub-cohort, com-

posed of the original 117 (50.0%) off-hours cases and
117 (50.0%) matched on-hours controls, nearly all differ-
ences in baseline characteristics, procedural aspects, and
periprocedural course became neutralized ( Tables 1–3 ).
Outcome-wise, the two procedural timing groups expe-
rienced comparable rates and cumulative incidences of
the various endpoints, the risks of which were again not
associated with an off-hours performance ( Table 3 and
Figures 2–3 ). 

Discussion 

In this study, we explored mitral TEER procedures per-
formed outside of usual working hours. Our analyses,
stemming from a single-center registry of 1,177 first-
time, stand-alone interventions, demonstrated the follow-
ing major findings: 1. About 1 in 10 procedures over-
all or 1 in 5 urgent ones started before 7:30 am, after
5:30 pm, or on a weekend or federal holiday; 2. Off-
hours interventions were more likely to be carried out
urgently, in the midst of acute HF and/or hemodynamic
instability, and on higher interventional risk subjects suf-
fering greater comorbidities and more advanced HF; 3.
Notwithstanding differences in procedural setting and
patient profile, general interventional features were simi-
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library 
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lar in the 2 study groups, and structural/functional results
were unanimously favorable, as exemplified by an above-
97% technical success rate, an above-75% freedom from
functionally incapacitating high-grade residual MR (i.e.,
NYHA class III-IV or above-moderate MR) at 1-year post-
procedure, and a significant improvement from baseline
in functional class and MR grade in both groups; 4. Pa-
tients directed to off-hours procedures experienced ear-
lier, more frequent deaths and composite deaths/HF hos-
pitalizations events, however procedural timing was not
independently linked to any of the outcomes’ risks in the
total cohort nor to their rates and cumulative incidences
in a 234-patient, PS-matched sub-cohort; and 5. Within
the off-hours mitral TEER group, a higher MitraScore and
an above-moderate TR were the only baseline parameters
that were associated with the risk for the primary com-
posite outcome. 

To our knowledge, the present study is the first to an-
alyze procedural timing in the mitral TEER arena. Con-
trasting surgical literature, 8 previous reports dedicated
to interventional setting in patients undergoing mitral
TEER have focused on urgency alone, generally show-
ing comparable technical success and survival following
non-elective vs. elective procedures. 9 , 10 Similar to these
explorations, our analyses did not demonstrate any prog-
nostic utility for procedural urgency. As much as these
findings were reassur ing, the y could not be extrapolated
of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ón. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Figure 3. Mitral regurgitation severity and functional status during the first postprocedural year. Panels A-B refer to the nonmatched 
total cohort. Panels C-D refer to the matched sub-cohort. MR, mitral regurgitation; NYHA, New York Heart Association. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to procedural timing, considering that urgency and tim-
ing, although closely related, are not interchangeable (on
the contrary, in our study, urgent mitral TEERs comprised
30.8% of after-hours procedures – and 19.1% vice versa).
And so, our results offer novel insights of potential rele-
vance to the ever-expanding mitral TEER population. 

Two key notions may be highlighted by the study’s
findings. The first is that off-hours mitral TEER proce-
dures constitute a non-negligible, distinctively character-
ized segment of the general mitral TEER pool. This is not
surprising, as the demand for MR interventions in high
surgical risk individuals is constantly rising, leading – in
the presence of limited resources – to prolonged waiting
per iods dur ing which patients’ condition could deterio-
rate, at times abruptly. If anything, the 10% share of after-
hours procedures observed in our institution, some of
which were arguably utilized as a last resort, may repre-
sent an underestimation of the unmet need for advancing
appointments. For this matter, future multi-center stud-
ies could shed more light on the full extent and nature
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Lib
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of mitral TEER interventions performed outside of usual
working hours. 

The second, more practical notion arising from our
work is that after-hours mitral TEERs should, at a high-
skilled facility, prove as safe, feasible, and efficacious
as on-hours procedures, particularly when offered to
matched populations with comparable baseline profiles
– much like percutaneous coronary interventions. 11 Im-
por tantly, the excess mor tality observed within the off-
hours group probably reflected higher risk characteris-
tics rather than procedure/time-related factors, and in-
deed vanished after propensity score matching that con-
trolled for the former. Equally meaningful, the aftermath
of off-hours mitral TEER procedures seems to be an-
ticipated by the same outcome predictors (namely, Mi-
traScore elements and significant TR) previously iden-
tified and validated in non-selected mitral TEER co-
horts. 7 , 12 , 13 , 14 Taken together, our study suggests that
the performance of mitral TEER outside of usual work-
ing hours could be regarded as a viable treatment option
rary of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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which may be decided upon following ordinary medi-
cal considerations, potentially maximizing resource uti-
lization and establishing an avenue for caseload decon-
gestion. Whether extending catheterization lab hours
of operation would translate to improved patient out-
comes and cost-effectiveness is an interesting question
that might be best addressed by further prospective re-
search. 

Limitations 

First, the study’s high-volume single-center, retrospec-
tive design and utilization of local definitions for usual
working hours may hamper generalizability of results.
However, our registry is one of the largest of its kind on
a global scale and corresponds to paralleling real-world
registr ies. Also, our catheter ization lab working schedule
resembles that of other institutions. 15 , 16 Still further, we
deliberately focused on isolated, first-time procedures;
relied on blinded echocardiogram readings by 2 level-III
trained echocardiologists; and employed extensive mul-
tivariable models – all promoting validity as well. Sec-
ondly, the low number of significant MR / functional in-
capacity observations and missing data regarding these
at follow-up may have interfered with interpretation of
findings, making the relevant analyses, and particularly
those performed within the matched sub-cohort, some-
what exploratory. Yet, data nonavailability was consis-
tent with that of previous studies; encompassed only
imaging and functional status parameters (as opposed to
clinical events which were documented in all patients);
and did not correlate with outcomes – therefore limit-
ing the possibility of bias. Thirdly, we were unaware of
the considerations (both medical and non-medical) that
led to the performance of procedures at a certain time,
nor did our database include information regarding wait-
ing periods for the interventions. To handle unmeasured
confounders, we included procedural urgency and HF
course / hemodynamic stability at presentation, as well
as operator experience, as plausible surrogates of some
of the afore-mentioned variables, in the various regres-
sion models. Additionally, we performed outcome analy-
ses among urgent mitral TEER cases in isolation and fur-
ther repeated all analyses in a PS-matched sub-cohort, the
results of which were largely in agreement with those
of the nonmatched total cohor t. Four thly, medical treat-
ment was suboptimal. However, this reflected patients’
tolerance and the real-world setting of the study. Lastly,
our survival analyses only pertained to the first post-
procedural year, as Cedars-Sinai’s protocol mandated 1
year of structured follow-up. Nevertheless, the expected
course during this timeframe is currently viewed as the
most crucial for the purpose of patient selection and,
compared to more distant check points, is presumably
more representative of the procedure’s influence itself
rather than non-TEER-related, competing risks’. 
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Conclusion 

In our single, high-volume-center experience, off-hours
mitral TEER procedures were common and involved
higher interventional risk patients suffering greater co-
morbidities. Yet, overall safety, feasibility, and efficacy
were generally unaffected by procedural timing. Larger,
multicenter, prospective studies are needed to validate
our observations and assess their application in actual
everyday practice. 
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