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Abstract
Background—Urgent/emergent status is often associated with increased risk among cardiac
operations. The objective of this study was to analyze outcomes and cost differences in patients
undergoing elective versus urgent/emergent mitral valve replacement (MVR) and repair
operations.

Methods—From 2003-2008, 1,477 patients underwent isolated, primary mitral valve (MV)
operations at 11 different centers in the Commonwealth of Virginia. Patients were stratified into
four groups: elective MVR (n=419), elective MV repair (n=674), urgent/emergent MVR (n=261)
and urgent/emergent MV repair (n=123). Preoperative risk, operative features, outcomes, and total
costs were evaluated.

Results—MVR patients had more risk factors, including advanced age. Female gender and
severe mitral regurgitation were more common among MV repairs. MVR incurred higher
operative mortality (5.2% vs. 1.2%, p<0.001), more major complications (20.6% vs. 6.5%,
p<0.001), longer postoperative (10.8 days vs. 6.2 days, p<0.001) and intensive care unit (117.7
hours vs. 51.4 hours, p<0.001) duration, and greater total costs ($45,166 vs. $26,229, p<0.001)
compared to MV repair operations. Postoperative length of stay was longer for elective MVR
patients compared to elective MV repair patients (p<0.001) as well as for urgent/emergent MVR
patients compared to urgent/emergent MV repair patients (p=0.001). Total hospital costs were also
higher for both elective MVR (p<0.001) and urgent/emergent MVR (p<0.001) compared to
elective MV repair and urgent/emergent MV repair. Risk adjusted operative mortality (OR=11.4,
p<0.001) and major complication rates (OR=7.6, p<0.001) were highest for urgent/emergent
MVR.

Conclusions—Mitral valve repair is associated with lower morbidity, mortality and total costs
compared to mitral valve replacement. For urgent/emergent operations, the improved outcomes
with mitral repair over replacement are even more profound.
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Introduction
Mitral valve (MV) disease is a common surgical condition within the United States. MV
repair is the preferred treatment over mitral valve replacement (MVR) or medical
management for patients with severe mitral regurgitation (MR) [1-7]. According to the
Society of Thoracic Surgeons (STS) national database, overall repair rates average
approximately 55% for isolated MV operations [8]; however, larger centers have
documented an increasing ability to successfully perform MV repairs over time [9-12].
Proponents of mitral repair argue that preservation of the intrinsic mitral apparatus during
MV repair has beneficial effects on long-term left ventricular function [13-15]. Furthermore,
the efficacy of MV repair has been demonstrated for both degenerative and ischemic MV
etiology [11,12,16-18].

The setting (elective or urgent/emergent) in which a cardiac operation is performed has been
shown to impact postoperative outcomes. The majority of published series report outcomes
in elective MV operations and exclude urgent/emergent operations despite the fact that
urgent/emergent operative status independently predicts survival among MV replacements
[19,20]. In fact, studies have implicated both urgent/emergent operative status and mitral
valve replacements as independent risk factors for in-hospital mortality among patients
undergoing mitral valve operations [18]. To our knowledge, a direct examination of the
interaction between MVR or MV repair and elective versus urgent/emergent operative status
has not been previously reported.

The objective of this study was to examine the effect of operative status on outcomes and
resource utilization among primary, isolated mitral valve operations. We hypothesized that
patients undergoing urgent/emergent MV repair or replacement have increased operative
risk, postoperative morbidity and total costs compared to those undergoing elective MV
operations.

Patients and Methods
Patients

Due to the absence of patient identifiers in collected data and the fact that the data is
collected for purposes other than research, data analyses were exempt from the University of
Virginia Institutional Review Board (IRB), and participating institutions were exempt from
Health Insurance Portability and Accountability Act (HIPAA) consideration by the use of
the Small Business Agreement for Business Associates agreements between each hospital,
participating surgeons and the Virginia Cardiac Surgery Quality Initiative (VCSQI). All MV
operations were entered prospectively into the National STS clinical database by 11
different centers within the Commonwealth of Virginia participating in the VCSQI program.
We retrospectively reviewed all patients undergoing primary, isolated mitral valve
operations as reported by the VCSQI from January 2003 to December 2008. Primary MV
operations were defined as those occurring in the absence of a prior sternotomy or cardiac
operation. Patients were stratified according to operative status and cardiac operation into
four groups: elective MVR (n=419), elective MV repair (n=674), urgent/emergent MVR
(n=261) and urgent/emergent MV repair (n=123).

LaPar et al. Page 2

Ann Thorac Surg. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Patient characteristics, risk factors, operative features, postoperative outcomes and total
hospital costs were evaluated. We used established STS definitions for all preoperative and
operative variables as well as for postoperative outcomes [21]. Operative mortality included
patient deaths that occurred prior to hospital discharge or within 30 days of operation. Major
complications included the composite incidence of perioperative myocardial infarction,
postoperative stroke, renal failure, or prolonged ventilation. Total hospital costs were
estimated calculations as reported by the VCSQI.

Statistical Analysis
The primary outcomes of interest were operative mortality, major complication rate,
postoperative length of stay, and total costs. All group comparisons were unpaired.
Continuous variables were compared using analysis of variance (ANOVA), and categorical
variables were compared using χ2 analysis or Fisher's exact tests as appropriate.

Multivariable logistic regression was performed to assess the independent affects of known
preoperative risk factors on the odds of in-hospital death and postoperative major
complication rate among patients undergoing mitral valve operations. All preoperative
variables entered as covariates (patient age, gender, ejection fraction, cardiopulmonary
bypass time, aortic cross clamp time, and operative group) were selected a priori based upon
established clinical risk in mitral valve operations. The estimated odds of death were
adjusted for all covariates. The discrimination achieved by these models was assessed using
the area under the Receiver Operating Characteristics curve (AUC). AUC values of 1.0
indicate perfect discrimination between outcome groups, while values of 0.5 indicate results
equal to chance.

Categorical variable comparisons are expressed as a percentage of the group of origin.
Continuous variables are reported as means ± standard error of the mean (SEM). Odds ratios
(OR) with a 95% confidence interval (CI) are used to report the results of logistic regression
models. Reported p-values are two-tailed. Statistical significance was identified by p-values
of less than 0.05. Data manipulation and analysis were performed using SPSS software,
version17 (SPSS, Chicago, IL).

Results
Patient Risk Factors and Operative Features

All Patients—A total of 1,477 patients underwent primary, isolated MV replacement
(n=676, 45.8%) or repair (n=801, 54.2%) in Virginia during the five-year study period. All
patient demographics, preoperative risk factors, and operative features are presented in
Table 1. MVR patients had a higher incidence of preoperative risk factors. Mean patient age
was higher for those patients undergoing MVR. Female patients more frequently underwent
MV Repair and had a higher incidence of severe mitral regurgitation. Mitral stenosis was
more common among those undergoing MVR. Shorter aortic cross clap and
cardiopulmonary bypass times were observed for the MV repair group. The majority of MV
repair operations consisted of a reconstruction with annuloplasty, and the majority of MVR
utilized bioprosthetic valves.

Elective MV Operations—Similar trends in risk factors were observed among patients
undergoing elective MV operations (Table 2). A total of 1,093 patients underwent elective
MVR (n=419, 38.3%) or MV repair (n=674, 61.7%). Preoperative atrial fibrillation was
more frequent in the elective MVR group. The incidence of preoperative peripheral arterial
disease, ventricular arrhythmia and endocarditis were similar between groups, while severe
mitral regurgitation was more common in the elective MV repair group. Aortic cross clamp
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and cardiopulmonary bypass times were shorter in elective MV repair compared to elective
MVR.

Urgent/ Emergent Operations—Fewer preoperative differences existed between
patients undergoing urgent/emergent MVR compared to urgent/emergent MV repair
operations (Table 2). Female patients more frequently underwent urgent/emergent MVR
compared to MV repair, and the mean age was slightly higher in the MVR group. MVR
patients had higher rates of preoperative diabetes, atrial fibrillation, and NYHA Class IV
functional status. Similar to elective cases, urgent/emergent MV repair patients had shorter
aortic cross clamp and cardiopulmonary bypass times compared to MV replacement
patients.

Outcomes for Mitral Valve Replacement and Repair
In the entire cohort, outcomes were worse for MVR compared to MV repair. MVR incurred
higher operative mortality (5.2% vs. 1.2%, p<0.001) and major complication rates (20.6%
vs. 6.5%, p<0.001) compared to MV repair (Figure 1). Moreover, MVR patients had longer
postoperative (10.8±0.5 days vs. 6.2±0.2 days, p<0.001) and intensive care unit (4.9±0.4
days vs. 2.1+0.1 days, p<0.001) lengths of stays (Figure 2) compared to MV repair patients.
MVR also conferred greater total costs ($45,166±1,754 vs. $26,229±623, p<0.001).

A comparison of postoperative outcomes stratified by operative status is presented in Table
3. Elective MVR was associated with increased morbidity, longer postoperative length of
stay, and higher total costs compared to elective MV repair. However, despite more
complications, operative mortality was similar and low for both elective MVR and elective
repair. In contrast, more dramatic differences in postoperative mortality and morbidity were
observed in patients undergoing urgent/emergent MV operations. Urgent/emergent MVR
was associated with higher major complications rates, longer postoperative length of stay,
higher total costs and significantly higher operative mortality compared to urgent/emergent
MV repair.

Risk Adjusted Mortality and Major Complications
Multivariable logistic regression results evaluating the effect of the interaction between
mitral valve operation type and operative setting on mortality and complications are
displayed in Tables 4 and 5, respectively. Adjusted operative mortality was associated with
patient age, cardiopulmonary bypass time and aortic cross clamp time. Mortality was also
highly associated with urgent/emergent MV repair (OR=4.3, p=0.03) and was very highly
associated with urgent/emergent MVR (OR=11.4, p<0.001) compared to elective MV repair.
Adjusted major complication rate was associated with patient age, ejection fraction,
cardiopulmonary bypass time, elective MVR, urgent/emergent MV repair, and was highly
associated with urgent/emergent MVR (OR=7.63, p<0.001). These models achieved
adequate discrimination with AUC =0.88 and 0.80, respectively. To assess the effect of
mitral valve operation type and operative status independently, separate logistic regression
models were performed. Performance of an MVR procedure was an independent predictor
of operative mortality (OR=2.91 (1.38-6.17), p=0.01) and major complications (OR=2.43
(1.67-3.53), p<0.001) compared to MV repair. Similarly, urgent/emergent operative status
independently increased the odds of operative mortality (6.85 (3.31-14.21), p<0.001) and
major complications (OR=3.13 (2.23-4.39), p<0.001) compared to elective operative status.

Comment
This study more clearly defines the interaction between elective versus urgent/emergent
operative status and type of mitral valve operation, and it highlights the short-term benefits
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of mitral valve repair over replacement. Within this large, multi-institutional patient cohort,
mitral valve repair was performed in 54% of patients, which is similar to nationwide repair
rates. Mitral valve replacement incurred higher operative mortality, more major
complications, longer postoperative lengths of stay, and higher total hospital costs compared
to mitral valve repair. On multivariable logistic regression, mitral valve replacement was
significantly associated with adjusted in-hospital mortality and major complications.
Furthermore, urgent/emergent mitral valve replacement was the single most important
predictor of postoperative morbidity and mortality. We believe this study provides important
contributions to current literature examining outcomes of mitral valve operations.

Elective versus urgent and/or emergent operative status can greatly impact postoperative
outcomes in cardiac surgery. Other studies have suggested that urgent and/or emergent
operative status can independently increase a patient's risk of poor outcomes and mortality
for MV operations [18,20]. In a series of 1,844 patients over 17 years who underwent
primary MVR with and without concomitant coronary artery bypass grafting (CABG),
Thourani et al. [20] reported that urgent/emergent operative status significantly increased the
odds of both in-hospital mortality (OR=4.37, p<0.0001) and 10-year mortality (OR=1.40,
p=0.03). In a follow-up study comparing outcomes of MV repair versus replacement ±
CABG, this same group [18] demonstrated similar results, reporting that urgent and
emergent operative status was highly associated with both in-hospital (OR=3.03 and 9.18,
respectively) and long-term (OR=1.43 and 2.06, respectively) mortality. Although these
reports further implicate the role of urgent and/or emergent operative status within MV
operations, the interaction between either isolated MV repair or replacement and operative
status has not been well established.

In the present study, we not only demonstrated but also quantified an important interaction
between the performance of either a MV repair or replacement in an elective or urgent/
emergent operative setting within a multi-institutional, statewide database. Our results
suggest that an urgent/emergent MV repair independently conferred a 4.3-fold increase in
the odds of operative mortality while an urgent/emergent MVR increased the odds of
operative morality by a factor of 11.4 compared to elective MV repair. Similarly, urgent/
emergent MVR (OR=7.63) conferred the highest adjusted odds of major complications
compared to elective MV repair while urgent/emergent MV repair provided an adjusted 3.2-
fold increase and elective MVR a 2.5-fold increase in major complications.

The number of studies directly comparing mortality and long-term survival of MV repair
versus replacement are increasing. Most reports are single-institution series, while large,
multi-institutional, population-based studies comparing MV operations are limited.
Operative mortality and long-term survival advantages favor MV repair over replacement
[3,16,18,22,23]. The STS national database reported operative mortality for isolated MV
repair is 1.7% compared to 5.9% for MV replacement [8]. In a propensity matched study of
625 MV repairs and 625 replacements, Thourani et al. [18] reported 4.3% in-hospital
mortality for MV repair versus 6.9% for replacements (p=0.049) and significantly better 10-
year survival for MV repairs (62% vs. 46%). Recently, Ailawadi et al. reported similar
mortality advantages (7.1% vs. 23.4%, p=0.01) and survival benefits (p=0.04) favoring MV
repair over replacement among elderly patients [16]. In the present study, we demonstrated
lower unadjusted operative mortality rates for MV repairs, and the difference between
operative mortality following urgent/emergent MVR and MV repair operations was even
more profound. The higher incidence of preoperative patient risk factors may have favored
higher overall unadjusted operative morality rates for MV replacements. However, after
adjusting for confounding variables, MV replacement operations (OR=2.92, p=0.01) were
independently correlated with operative mortality compared to MV repairs. These results are
consistent with those of previously published studies [3,16,18].

LaPar et al. Page 5

Ann Thorac Surg. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Other outcomes measures further highlight disparate differences between MV operations
performed in the elective and urgent/emergent operative setting. Several recent series have
documented longer postoperative hospital stays for patients undergoing MVR compared to
MV repair operations [16,18,24]. In a recent review of over 58,000 MV operations, Gammie
et al. [24] documented a median postoperative length of stay of 7.0 days for MVR versus 6.0
days (p<0.001) for MV repair. These trends are consistent with our report with shorter
postoperative lengths of stay for MV repair (6.2±0.2 days) compared to MVR (10.8±0.5
days, p<0.001).

The economic implications of MV surgery remain ill defined. In this study, the average total
hospital costs per patient were higher in those undergoing MVR operations. Further, we
observed that urgent/emergent operative status markedly increased total hospital costs
compared to elective operations. Importantly, the cost data obtained by the VCSQI is
imperfect and reflect estimated values. However, despite these estimations, it is evident that
the combination of a MVR performed in an urgent/emergent setting significantly increases
the financial burden on both patients and the overall healthcare system. Although further
investigation with more accurate cost reporting is warranted to truly assess the effect of
various factors during MV surgery, the trends reported herein are consistent with those of
previous studies [20]. Another report examined total hospital costs and resource utilization
among patients undergoing MVR ± CABG and demonstrated that isolated, urgent/emergent
MVR had significantly higher total hospitals costs and overall resource utilization compared
to isolated, elective MVR [20].

Our study generated some unique observations that deserve further discussion. For example,
the absence of perioperative myocardial infarction in either MVR or MV repair groups was
surprising. Similarly, on multivariate analysis, aortic cross clamp time was associated with
improved operative mortality and major complications; however, on univariate comparison
cross clamp times were longer in each MVR group. These paradoxical findings represent an
inherent difficulty with scrutinizing a large, de-identified data registry. As a result, we are
unable to further investigate these findings and are unable to comment on their true clinical
significance.

This study has several limitations to mention. As with any retrospective review, the inherent
selection bias is possible. Additionally, the difference in patient risk factors between MVR
and MV repair groups may account for some of the differences in observed outcomes. The
use of established STS definitions for all patient risk factors, operative features and
postoperative outcomes limits the ability to extrapolate our results to a broader patient
group. We were also constrained during data collection by the presence of completely de-
identified data points. As a result, we are unable to scrutinize certain data such as valve
morphology, valve etiology, or surgical approach via sternotomy or non-sternotomy, and we
are only able to comment on short-term outcomes. Longer follow-up would add impact to
the observed trends in outcomes following MV operations. The use of estimated cost
information obtained from the VCSQI is imperfect. Furthermore, the low incidence of
operative mortality following MV operations limited modeling efforts for adjusted
outcomes. The covariates entered into our models represent well-established risk factors for
cardiac operations and reflect important differences between patients that may impact
outcome. The inclusion of more covariates during regression analyses may have helped
define smaller differences between the odds of adjusted outcomes; however, in order to
avoid overestimation of the models, this would have required a larger patient cohort than the
1,477 patient studied here. The calculated length of stay and total hospital costs included in
our data analyses reflect unadjusted means and are not corrected for the potential
confounding influence of other risk factors. Finally, the potential influence of an
unmeasured confounder may, in part, explain some of the estimated effects observed
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between operative groups during logistic regression modeling. Nevertheless, the markedly
improved outcomes of MV repair over replacement in both the elective and urgent/emergent
setting provides an important clinical contribution as it highlights a significant operative
interaction that continues to be defined within published cardiac literature.

Conclusions
In this study, we conclude that mitral valve repair is associated with lower morbidity,
mortality and total hospital costs compared to mitral valve replacement. For urgent/emergent
operations, the improved outcomes in mitral valve repair over replacement are even more
profound. These important interactions should be considered when evaluating the operative
setting and surgical benefits for patients undergoing MV operations. Attempts to alter the
operative risk to an elective setting may improve outcomes.
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Figure 1.
Operative mortality and major complication rate following primary, isolated mitral valve
replacement versus repair operations.
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Figure 2.
Mean postoperative and intensive care unit (ICU) length of stay following primary, isolated
mitral valve replacement versus repair operations.
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Table 1

Patient demographics, preoperative risk factors and operative features for all patients undergoing mitral valve
replacement versus repair operations.

Variable MVR (n=676) MV Repair (n=801) P-value

PREOPERATIVE

 Patient Age 60.8±0.5 57.0±0.5 <0.001

 Sex (Female) 293 (43.4%) 483 (60.6%) <0.001

 Hypertension 412 (60.9%) 401 (50.1%) <0.001

 Peripheral Arterial Disease 51 (7.5%) 30 (3.7%) 0.002

 Stroke 72 (10.7%) 35 (4.4%) <0.001

 Diabetes Mellitus 131 (19.4%) 79 (9.9%) <0.001

 Heart Failure 377 (55.8%) 254 (31.7%) <0.001

 Atrial fibrillation 166 (24.6%) 74 (9.2%) <0.001

 NYHA Class

  Class I 88 (13.0%) 185 (23.1%) <0.001

  Class II 194 (28.7%) 340 (42.4%) <0.001

  Class III 240 (35.5%) 217 (27.1%) 0.001

  Class IV 154 (22.8%) 59 (7.4%) <0.001

 Infective Endocarditis 123 (18.2%) 65 (8.1%) <0.001

 Renal Failure 59 (8.7%) 29 (3.6%) <0.001

 Renal Failure (Hemodialysis) 46 (6.8%) 21 (2.6%) <0.001

 Ejection Fraction (%) 53.5±0.5 54.9±0.4 0.03

 Mitral Stenosis 139 (20.6%) 17 (2.1%) <0.001

 Mitral Regurgitation (Moderate) 82 (12.1%) 98 (12.2%) 0.94

 Mitral Regurgitation (Severe) 485 (71.7%) 658 (82.1%) <0.001

OPERATIVE

 Valve Replacement

  Bioprosthetic 389 (57.5%) - -

  Mechanical 287 (42.5%) - -

 Valve Repair Technique

  Annuloplasty Only - 237 (29.6%) -

  Reconstruction with Annuloplasty - 541 (67.5%) -

  Reconstruction without Annuloplasty - 23 (2.9%) -

 Aortic Cross Clamp Time (min) 94.8±1.5 86.1±1.3 <0.001

 Cardiopulmonary Bypass Time (min) 138.1±2.1 123.3±1.6 <0.001
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Table 2

Patient demographics, preoperative risk factors and operative features for patients undergoing mitral valve
operations by operative group.

Variable
Elective Urgent/Emergent

MVR (n=419) MV Repair (n=674) P-value MVR (n=261) MV Repair (n=123) P value

PREOPERATIVE

 Patient Age 60.3±0.7 56.8±0.5 <0.001 61.4±0.8 58.2±1.2 0.03

 Sex (Female) 243 (58.0%) 265 (39.3%) <0.001 144 (55.2%) 50 (40.7%) 0.01

 Hypertension 256 (61.1%) 330 (49.0%) <0.001 158 (60.5%) 69 (56.1%) 0.44

 Peripheral Arterial Disease 25 (6.0%) 23 (3.4%) 0.05 26 (10.0%) 7 (5.7%) 0.18

 Stroke 40 (9.5%) 23 (3.4%) <0.001 32 (12.3%) 12 (9.8%) 0.61

 Diabetes Mellitus 70 (16.7%) 62 (9.2%) <0.001 61 (23.4%) 17 (13.8%) 0.03

 Heart Failure 180 (43.0%) 168 (24.9%) <0.001 199 (76.2%) 83 (67.5%) 0.08

 Atrial fibrillation 93 (22.2%) 54 (8.0%) <0.001 73 (28.0%) 20 (16.3%) 0.02

 NYHA Class

  Class I 73 (17.4%) 164 (24.3%) 0.01 17 (6.5%) 19 (15.4%) 0.01

  Class II 154 (36.8%) 315 (46.7%) 0.001 40 (15.3%) 25 (20.3%) 0.24

  Class III 156 (37.2%) 174 (25.8%) <0.001 84 (32.2%) 43 (35.0%) 0.64

  Class IV 36 (8.6%) 21 (3.1%) <0.001 120 (46.0%) 36 (29.3%) 0.002

 Infective Endocarditis 41 (9.8%) 45 (6.7%) 0.07 82 (31.4%) 20 (16.3%) 0.002

 Renal Failure 23 (5.5%) 16 (2.4%) 0.01 36 (13.8%) 12 (9.8%) 0.32

 Renal Failure (Hemodialysis) 18 (4.3%) 11 (1.6%) 0.01 28 (10.7%) 9 (7.3%) 0.19

 Ejection Fraction (%) 54.4±0.6 55.7±0.4 0.06 52.1±0.8 50.7±1.3 0.34

 Mitral Valve Stenosis 100 (23.9%) 13 (1.9%) <0.001 39 (14.9%) 4 (3.3%) 0.003

 Mitral Regurgitation (Moderate) 13.4% 12.3% 0.64 26 (10.0%) 15 (12.2%) 0.60

 Mitral Regurgitation (Severe) 70.2% 82.6% <0.001 194 (74.3%) 99 (80.5%) 0.20

OPERATIVE

 Aortic Cross Clamp Time (min) 93.5±1.9 86.4±1.4 0.002 97.2±2.4 84.0±3.6 0.002

 Cardiopulmonary Bypass Time
(min)

133.9±2.5 123.8±1.7 0.001 144.4±3.7 120.5±4.4 <0.001
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Table 3

Postoperative outcomes for patients undergoing mitral valve operations by operative group.

Outcome
Elective Urgent/Emergent

MVR (n=419) MV Repair (n=673) P-value MVR (n=257) MV Repair (n=128) P-value

Operative Mortality 7 (1.7%) 5 (0.7%) 0.23 28 (10.9%) 5 (3.9%) 0.03

Major Complication 54 (12.9%) 32 (4.8%) <0.001 85 (33.1%) 20 (15.6%) 0.001

Myocardial Infarction 0 (0.0%) 0 (0.0%) N/A 0 (0.0%) 0 (0.0%) N/A

Stroke 9 (2.1%) 6 (0.9%) 0.11 10 (3.9%) 5 (3.9%) >0.99

Renal Failure 18 (4.3%) 10 (1.5%) 0.01 27 (10.5%) 3 (2.3%) 0.01

Prolonged Ventilation 44 (10.5%) 22 (3.3%) <0.001 76 (29.6%) 18 (14.1%) 0.002

Hemodialysis 10 (2.4%) 4 (0.6%) 0.01 17 (6.6%) 0 (0.0%) 0.002

Pneumonia 18 (4.3%) 9 (1.3%) 0.004 20 (7.8%) 5 (3.9%) 0.27

Gastrointestinal Event 11 (2.6%) 2 (0.3%) 0.001 17 (6.6%) 2 (1.6%) 0.04

Sepsis 4 (1.0%) 1 (0.1%) 0.07 16 (6.2%) 3 (1.6%) 0.07

Bleeding or Tamponade 9 (2.1%) 22 (3.3%) 0.35 17 (6.6%) 6 (4.7%) 0.65

Postoperative Length of Stay
(Days)

8.8±0.4 5.7±0.2 <0.001 14.1±0.9 9.1±0.9 0.001

ICU Length of Stay (Days) 3.3±0.4 1.9±0.1 <0.001 7.4±0.9 3.4±0.6 0.003

Total Cost ($) 37,793±1,509 24,599±552 <0.001 58,104±3,775 35,522±2,623 <0.001
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Table 4

Multivariate logistic regression reflecting the combined effect of mitral valve operation and operative setting
on adjusted operative mortality.

Covariate Odds Ratio 95% Confidence Interval P-value

Male (Reference) 1.00 - -

Female 1.20 0.62-2.33 0.60

Age (years) 1.04 1.01-1.06 0.01

Ejection Fraction (%) 0.99 0.96-1.01 0.27

Cardiopulmonary Bypass Time (min) 1.02 1.01-1.02 <0.001

Aortic Cross Clamp Time (min) 0.98 0.97-0.99 <0.001

Elective MV repair (Reference) 1.00 - -

Elective MVR 1.33 0.39-4.52 0.65

Urgent/Emergent MV Repair 4.28 1.16-15.76 0.03

Urgent/Emergent MVR 11.41 4.20-31.02 <0.001

Area Under Receiver Operative Curve=0.88.
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Table 5

Multivariate logistic regression reflecting the combined effect of mitral valve operation and operative setting
on adjusted major complication rate.

Covariate Odds Ratio 95% Confidence Interval P-value

Male (Reference) 1.00 - -

Female 1.21 0.84-1.72 0.30

Age (years) 1.02 1.01-1.04 0.001

Ejection Fraction (%) 0.98 0.97-0.99 0.003

Cardiopulmonary Bypass Time (min) 1.01 1.00-1.01 0.01

Aortic Cross Clamp Time (min) 0.99 0.98-0.99 0.02

Elective MV Repair (Reference) 1.00 - -

Elective MVR 2.47 1.53-3.98 <0.001

Urgent/Emergent MV Repair 3.20 1.71-5.97 <0.001

Urgent/Emergent MVR 7.63 4.77-12.20 <0.001

Area Under Receiver Operative Curve=0.80.
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