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ABSTRACT

Objectives: To describe national trends in the inci-
dence and outcomes of patients with chordae tendineae
rupture (CTR).

Methods: Patients who were diagnosed with CTR between
2000 and 2012 were identified in National (Nationwide) Inpa-
tient Sample (NIS) registry. CTR was defined using validated
International Classification of Diseases, 9th Edition, Clinical
Modification diagnosis ICD9-CM) codes.

Results: A total of 37,287 (14,833 mitral valve repair, 7780
mitral valve replacement) CTR cases were identified. Overall,
in-hospital mortality in CTR decreased by 3% from 2000 to
2012 (P < 0.001). From 2000 to 2012, the rate of mitral valve
repair increased from 27.2% to 46.4%, (P < 0.001) with a con-
current decrease in the rate of mitral valve replacement (from
278 to 17.7%, P < 0.001). After multivariate adjustment,
patient age (OR = 1.04, 95% CI 1.03-1.06, P < 0.001), conges-
tive heart failure (CHF) (OR = 2.08, 95% CI 1.19-3.64, P =
0.01), myocardial infarction (MI) (OR = 3.58, 95% CI 2.10-
6.11, P<0.001), Deyo/Charlson comorbidity index (OR = 1.23,
95% CI 1.07-1.41, P <0.003) and use of the intra aortic balloon
pump (IABP) (OR = 4.81 95% CI 2.71-8.55, P < 0.001) were
found to be independently associated with greater odds of mor-
tality in these patients. Additionally, mitral valve replacement
was significantly associated with higher costs of hospitalization
(coefficient 15693, 95% CI 12638-18749, P < 0.001)

Conclusion: Mitral valve repair is associated with reduced
inpatient mortality and costs compared with mitral valve
replacement. A substantial increase in the percentage of cases
undergoing mitral valve repair with a concurrent decrease in
cases undergoing mitral valve replacement were observed.
Increasing age and comorbidity index, history of CHF and
MI, and use of IABP were identified as factors that could
increase the risk of mortality in patients with CTR.
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INTRODUCTION

Chordae tendinae rupture and papillary muscle rupture
comprise two causes of acute mitral valve regurgitation, which
can lead to acute pulmonary edema and cardiogenic shock.

Since the underlying problem of acute severe mitral regur-
gitation is mechanical, treatment options are limited to sur-
gical repair or replacement, which may include pre-surgical
mechanical support via a left ventricular assist device (LVAD)
as a bridge to surgery, or intra aortic balloon pump (IABP)
placement for reduction of pre- and after-load. Mitral valve
repair (MVP) is thought to be superior to mitral valve replace-
ment (MVR) for all etiologies of mitral regurgitation and is the
most common procedure performed for mitral regurgitation in
North America [Gammie 2009].

Given the rarity of the condition, only a handful of retro-
spective studies are available describing patient populations
with chordae tendineae rupture (CTR) [Gabbay 2010] with
even fewer studies focusing on treatment modalities for these
patients [Kazui 2004; Rankin 2004]. Trends in mortality,
independent predictors of mortality, shifts in patient popula-
tion characteristics over time, and trends in management of
CTR help physicians identify patients at risk and guide man-
agement accordingly.

In this study we utilized data from the National (Nation-
wide) Inpatient Sample (NIS) to describe the trends in mortality,
comorbidities, costs, and MVP and MVR in patients with rup-
tured chordae tendineae, and determine predictors of mortality
in this patient population in the US between 2000 and 2012.

METHODS

Data Source

The NIS database was used in the present study to collect
data from 2000 to 2012. The database is robust and is the largest
all-payer inpatient database representing approximately 20% of
all admission to nonfederal and non-rehabilitation hospitals in
the US [Steiner 2002]. Using the sampling weights provided in
the database, national estimates could also be predicted.

Study Design and Coborts

The International Classification of Diseases, 9th Revision-
Clinical Modification ICD-9-CM) diagnostic code 429.5 was
used to identify all patients with ruptured chordae tendineae
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from 2000 to 2012. Primary procedure codes of 35.23 and 35.24
were also used to identify patients who underwent mitral valve
replacement, and code 35.12 for mitral valve repair, respec-
tively. All demographic data, including age, sex, race, insurance
status, primary and secondary procedures, hospitalization out-
come, and length of stay were queried using the database.

The comorbidities associated with patients with ruptured
chordae tendineae were identified using the Agency for
Healthcare Research and Quality (AHRQ) comorbidity mea-
sures. These measures use ICD-9-CM diagnoses in order to
identify different comorbidities on the discharge date. The
Charlson Comorbidity Index (CCI) was used to evaluate the
severity of comorbidities [Deyo 1992]. This index contains
17 comorbid conditions with differential weights with a total
score ranging from 0 to 33. Higher CCI scores correspond to
greater burden of comorbid diseases.

Inpatient costs of care were calculated by merging data
from the NIS database with cost-to-charge ratios avail-
able from the Healthcare Cost and Utilization Project.
The database provides total charges for each inpatient stay.

Table 1. Baseline Characteristics of Patients (2000- 2012)

Costs could then be calculated by multiplying the total
hospital charge with cost-to-charge ratios which are used
to account for the inherent variability among hospitals and
regions for any given procedure. All costs were standard-
ized by adjustments for inflation according to the latest
consumer price index data released by the US government
on January 16, 2015.

Statistical analysis

National estimates were generated using hospital-level
discharge weights provided by the NIS. The Chi Square test
was used for categorical variables while continuous variables
were compared using the Wilcoxon signed rank test. For
analysis of trends, the Cochrane Armitage test was used for
proportions and for continuous variables, the nonparamet-
ric test for trend by Cuzick was used. Two level hierarchical
models (with patient level factors nested within hospital level
factors) were created using the unique hospital identification
number incorporated as random effects within the model.
Patient level variables such as age, sex, Deyo modification

All Repair Replacement No Surgery

Variable (37,287) (14833) (7780) (14,959) P-value*  P-valuet
Mean Age + SD 66.37 + 15.25 63.56 + 13.1 66.72 + 13.3 68.9 £5.8 <0.001 <0.001
Female (%) 13,123 (35.2) 4039 (27.2) 2797 (35.9) 6397 (42.8) <0.001 <0.001
Died (%) 1839 (4.9) 284 (1.9) 525 (6.8) 1076 (7.2) <0.001 <0.001
Median Length of

Stay (Interquartile) 7 (4-1) 7 (5-10) 10 (7-16) 5(3-9) <0.001 <0.001
White Race (%) 24,209 (64.9) 9748 (65.7) 5007 (64.4) 9556 (64.5) 0.051 <0.001
CHF (%) 2,019 (5.4) 110 (0.7) 151 (1.9) 1763 (11.8) <0.001 <0.001
Diabetes Mellitus (%) 3,283 (8.8) 994 (6.7) 598 (7.7) 1705 (11.4) 0.006 <0.001
Hypertension (%) 14,901 (40) 6395 (43.1) 2504 (32.2) 6130 (41) <0.001 <0.001
Chronic renal failure 3342 (1.2) 786 (5.3) 616 (7.9) 1966 (13.1) <0.001 <0.001
Chronic Liver Disease (%) 434 (1.2) 97 (0.7) 102 (1.3) 236 (1.6) <0.001 <0.001
Obesity (%) 1,883 (5.1) 761 (5.1) 396 (5.1) 746 (5) 0.89 0.024
Peripheral vascular disease (%) 1880 (5) 629 (4.2) 345 (4.4) 917 (6.1) 0.49 <0.001
Chronic Valvular Disease (%) 2,995 (8) 135 (0.9) 137 (1.8) 2728 (18.2) <0.001 <0.001
Atrial Fibrillation (%) 15713 (42.1) 6895 (46.5) 3750 (48.2) 5189 (34.7) 0.014 <0.001
Myocardial Infarction (%) 2,346 (6.3) 351 (2.4) 652 (8.4) 1372 (9.2) <0.001 <0.001
Mean Deyo + SD 1.28 +1.37 0.93 +1.13 1.27 +1.28 1.63 + 1.54 <0.001 <0.001
Mitral disease (%) 28,263 (75.8) 13384 (90.2) 6142 (78.9) 8992 (60.1) <0.001 <0.001
Tricuspid disease (%) 990 (2.7) 362 (2.4) 227 (2.9) 401 (2.7) 0.032 0.062
Endocarditis (%) 2050 (5.5) 250 (1.7) 592 (7.6) 1224 (8.2) <0.001 <0.001
Intra Aortic Balloon Pump (%) 2043 (5.5) 635 (4.3) 1091 (14) 361 (2.4) <0.001 <0.001
LVAD (%) 19 (0.1) 19 (0.2) 0 <0.001 <0.001

*Comparison between patients undergoing mitral valve repair and replacement. fComparison between all three groups (patients undergoing mitral valve repair,

replacement, and those who did not receive surgery)
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of the Charlson Comorbidity and comorbidities as well as

hospital level variables, such as hospital bed size, hospital
region, and teaching status were included in the model. A Baseline clinical characteristics

P-value of less than 0.05 was considered significant. All anal- A total of 37,287 CTR cases were estimated in the US
yses were performed using Stata IC 13 (Stata Corp, College ~ between 2000 and 2012. Among these patients, 14,833
Station, TX). (39.8%) underwent mitral valve repair and 7780 (20.9%)

Table 2. Trends in patients with chordae tendineae rupture (CTR) (2000-2012)

Group 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20M 2012 P-value
Incidence

CTR 2253 2589 2293 2538 2148 2176 2346 2451 3007 4265 3266 3967 3990  0.067

Replacement 625 868 659 625 565 496 492 361 506 602 578 698 705  <0.001

Repair 613 790 701 814 624 772 88 1027 1245 2354 1462 1670 1850  <0.001
Mortality (%)

CTR 6.08 6.87 5.32 7.24 7.40 3.72 5.15 3.99 6.31 3.39 3.39 4.73 3.13  <0.001

Replacement 6.4 9.10 5.91 8.96 6.90 4.23 7.92 5.54 11.46 7.64 2.76 7.02 3.54  <0.001

Repair 3.09 3.29 1.99 4.17 0.80 272 1022 292 2.32 1.74 0.68 0.89 1.62  <0.001
Mean age (years)

CTR 68.18 67.52 66.19  66.04  65.21 66.28  67.05 65 65.88  66.29  66.21 67 66.02 0.3

Replacement 68.24 68 68.92 6639 6574 6582 66.34 6587 6525 6797 66.65 6745  66.26  0.22

Repair 64.59 62.25 62.88  62.44  61.46 6120  64.26  63.23 63.91  63.67 6495 6416 64.14  0.151
Sex distribution (Female %)

CTR 41.2 37.5 38.9 37.6 32.2 34.5 37.3 31.9 30.8 32.5 33.4 36.7 35.6 0.51

Replacement 48.4 34.3 37.6 34.6 31.3 34.6 4.6 30.8 24.2 31.5 32.4 39.2 41.8 0.67

Repair 24.5 29.8 33.1 29.2 19.4 25.4 28.7 28.1 23.6 25.8 28.4 30.7 26.5 0.89
Mean Deyo/ Charlson ClI

CTR 0.96 0.89 1.00 1.18 1.13 1.05 1.23 1.44 1.45 1.46 1.30 1.51 1.50  0.001

Replacement 0.93 1.03 0.96 1.40 1.18 (A 1.16 1.57 1.67 1.47 1.33 1.48 1.49  0.007

Repair 0.58 0.63 0.7 0.64 0.67 0.73 0.75 1.02 0.94 1.15 0.86 1.13 115 <0.001
Median Length of Stay (days)

CTR 7 7 7 7 7 7 7 6 7 6 7 7 7 0.42

Replacement " 10 1 10 10 10 9 12 " 1 9 1 1 0.40

Repair 7 6 7 7 7 7 7 7 7 6 6 7 6 0.22
Cost (USD adjusted for inflation)

CTR 30614 31493 32095 32841 34473 36027 35399 38086 38336 36327 39511 43764 44288 <0.001

Replacement 48242 49556 47149 57809 57743 54226 58635 72553 63922 65358 62278 73485 73234 <0.001

Repair 38148 39120 33147 38972 42892 39065 39822 47636 43712 38209 42351 50533 48432 <0.001
IABP (%)

CTR 2.9 4 5.9 5.5 7 74 6.4 4.5 72 5.8 4.9 4.4 5.8 0.62

Replacement 8.7 8 12.5 13.6 15.3 18 16.7 1.9 24.6 20.5 12.8 1 14.2 0.20

Repair 1.6 3.2 4.8 4.2 6 6.1 5.3 6.1 5.3 3.5 3.4 4.3 3.5 0.72
LVAD (%)

CTR 0 0 0 0 0 0 0 0 0 0 0 0.35 0.12 0.03

Replacement 0 0 0 0 0 0 0 0 0 0 0 2 0.7 0.03

Repair 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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underwent mitral valve replacement. Patient clinical charac-
teristics and associated comorbidities are shown in Table 1.
The mean age of patients with CTR was 66.37 = 15.25 years
and most patients were male (64.8%).

Approximately 39% of patients with CTR did not receive
any surgical intervention. Overall, patients in this group were
found to be significantly older and have a higher burden of
comorbidities (Table 1). Particularly, the rates of chronic val-
vular disease, chronic renal insufficiency, and congestive heart
failure were drastically higher among patients who did not
receive any surgical intervention (P < 0.001).

Compared to patients who underwent mitral valve replace-
ment, patients with mitral valve repair were younger and more
often male; were less likely to have congestive heart failure,
diabetes, chronic renal failure, chronic liver disease, chronic
valvular disease, atrial fibrillation, acute myocardial infarction,
tricuspid disease, or endocarditis; had lower Deyo/Charson
comorbidity index; and were more likely to have been diag-
nosed with hypertension and mitral disease (for all P < 0.001).
Total length of hospital stay was shorter in recipients of mitral
valve repair compared to patients who underwent mitral valve
replacement (7 versus 10 days respectively, P < 0.001).

Overall, 19 (0.1%) patients with CTR received an LVAD,
and 2043(5.5%) received an IABP as a bridge to surgery.
The percentage of patients receiving LVADs and IABPs was
higher in patients who underwent mitral valve replacement
compared to mitral valve repair (0.2% versus 0%, P < 0.001
and 14% versus 4.3%, P < 0.001, respectively).

Trrends in patients with CTR

No uniform trend was identified in the incidence of CTR
from 2000 to 2012 (P = 0.067). While the mean age and sex
distribution of patients with CTR did not change significantly
from 2000 to 2012 (Table 2), the Deyo/Charlson comorbid-
ity index showed a steady increase, from 0.96 to 1.52, with
an overall 58.3% increase in these patients over the study
period. This upsurge was observed in both groups of patients
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Figure 1. Trends in mitral valve repair and mitral valve replacement in
patients with CTR (2000-2012).
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undergoing mitral valve repair and mitral valve replacement
(0.58 to 1.15, and 0.93 to 1.48, respectively) (Table 2). Also,
as shown in Figure 1, the rate of mitral valve repair increased
significantly (by 19.2%, P < 0.001) with concomitant decrease
in the incidence of mitral valve replacements (by 10.1%, P <
0.001) in these patients. There was no significant trend in the
use of IABPs in patients undergoing either type of surgery
during the study period (Table 2). LVADs were used only in
patients undergoing mitral valve replacement in 2011 and
2012, and the overall numbers were very low.

In-Hospital Mortality

Overall, 1839 (4.9%) patients with CTR died during
admission, including 284 (1.9%) of patients that under-
went mitral valve repair and 525 (6.8%) patients with mitral
valve replacement. The mortality rate was highest among
patients who did not receive any surgical intervention (7.2%,
P < 0.001). Mortality was higher in patients who underwent
mitral valve replacement when compared to patients that
underwent repair (6.8% versus 1.9%, P < 0.001). However, as
shown in Figure 2, the overall in-hospital mortality decreased
by 3% among all patients with CTR from 2000 to 2012. This
decrease in mortality rate was consistent for both groups
of patients undergoing mitral valve repair and replacement
(by 1.6% and 2.9%, respectively) (Table 2). After multivari-
ate adjustment for patient and hospital characteristics (Table
3), patients undergoing mitral valve replacement had greater
odds of in-hospital death when compared to patients who
underwent mitral valve repair (OR, 3.27, 95% CI, 2.04-5.13,
P <0.001) (Table 4).

Predictors of Mortality

Table 4 demonstrates the independent factors associated
with mortality in patients with CTR. After multivariable
adjustment, age, congestive heart failure, acute myocardial
infarction, higher CCI, and use of IABP were found to be
independently associated with greater odds of in-hospital

70000+
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US Dollars

40000+

30000

—— ————— ————
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Year

Costof Repair  ====- Cost of Replacement

Figure 2. Trends in inflation adjusted cost of hospitalization in patients
with CTR undergoing mitral valve repair and mitral valve replacement
(2000-2012).



mortality. Conversely, hypertension and valve repair were
associated with lower odds of mortality in patients with rup-
tured chordae tendineae.

In-Hospital Costs and Length of Stay

Opverall cost (adjusted for inflation) for patients with CTR
has increased significantly from 2000 to 2012 ($30,614 in 2000
versus $44,288 in 2012, P < 0.001) (Table 2). Interestingly, the
overall length of hospitalization did not exhibit any signifi-
cant changes over the study period (P = 0.22). Similar results
were observed in both groups of patients undergoing mitral
valve repair and mitral valve replacement, with increases in
the total in-hospital cost of care with no significant change in
length of stay. (Table 2, Figure 2).

Using multivariable linear regression, mitral valve repair was
shown to be significantly associated with lower total hospital
costs compared with mitral valve replacement (Table 5). The
strongest predictor of increased hospital cost was congestive
heart failure followed by myocardial infarction. Other factors

Table 3. List of Parameters included in the multivariate logistic
regression analysis

Variable

Age

Mortality

Gender

Year of procedure

Type of procedure

History of Congestive Heart Failure
History of Diabetes Mellitus

History of Hypertension

History of liver disease

History of Obesity

History of Myocardial Infarction
History of Mitral Disease

History of Tricuspid Disease

History of Endocarditis

History of Pulmonary Edema
History of Renal Failure

History of Chronic Obstructive Pulmonary Disease
History of Peripheral vascular Disease
History of Atrial Fibrillation

Hospital Size

Hospital Teaching Status

Hospital Region

Deyo score

History of Intra Aortic Balloon Pump

History of Left Ventricular Assist Device

© 2017 Forum Multimedia Publishing, LLC
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associated with higher in-hospital costs included increasing age,
female gender, chronic renal failure, and obesity, increasing in
the CCI and medium and large hospital sizes.

Study Findings

In the present study we evaluated trends, mortality, and
costs of mitral valve repair and mitral valve replacement
among patients with ruptured chordae tendineae in the US
between the years of 2000 and 2012. Analysis of over 37,000
patients revealed that mitral valve repair was associated with
lower in-hospital mortality, shorter length of stay, and lower

Table 4: Independent Predictors of Mortality Among Patients
with Rupture of Chordae Tendineae (2000-2012)

Predictor of Mortality Odds Ratio 95% Cl P-value
Age (Increasing, per y) 1.04 1.03-1.06 ~ <0.001
Valve Repair 0.35 0.19-0.63 0.001
Congestive Heart Failure 2.08 1.19-3.64 0.01

Hypertension 0.52 0.34-0.83 0.005
Acute Myocardial Infarction 3.58 2.10-6.1 <0.001
Deyo Comorbidity Index 1.23 1.07- 1.41 0.003
Intra Aortic Balloon Pump 4.81 2.71-8.55  <0.001

Table 5. Independent Predictors of Cost of Hospitalization
Among Patients with Rupture of Chordae Tendineae (2000-
2012)

Covariates Coefficient (95% CI) P-value
Mitral Valve Repair -15693 (-18749-12638)  <0.001
Age (increasing, pery) 235 (1250-345) <0.001

Female Gender 3135 (282-6034) 0.031
55,358 (44,726-65992)  <0.001
-3598 (-8322-1125) 0.135
-3927 (-6590-1263)  0.004
8121 (2944-13299)  0.002
6308 (-6701-19319)  0.342
6765 (1784-11746) 0.008
-3000 (-8330-2328)  0.270

1152 (-1497-3802) 0.394

Congestive Heart Failure
Diabetes Mellitus
Hypertension

Chronic renal failure
Chronic Liver Disease
Obesity

Peripheral Vascular Disease

Atrial Fibrillation

Myocardial Infarction 32,416 (25,021-39,810)  <0.001
Deyo 2218 (930- 3505) 0.001
Hospital Size <0.001
Small Ref
Medium 10207 (3595-16819) 0.002
Large 8213 (2435-13992) 0.005
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in-hospital cost of care in patients with CTR. In-hospital
mortality was also significantly decreased in patients with
CTR over the same period. This trend was observed in both
groups of patients undergoing mitral valve repair and replace-
ment. Finally, the percentage of patients undergoing mitral
valve repair increased steadily over this period with a con-
comitant decrease in the fraction of patients that underwent
mitral valve replacement.

Study Implications

While MVP has become increasingly performed in a wide
range of patient populations over the past decade [Badh-
war 2012], few studies have reported its applicability among
patients with CTR. The results of our study support mitral
valve repair rather than replacement for patients with CTR.
Although patients undergoing MVR had a higher burden
of comorbidities in the present study, adjusted multivariate
analysis demonstrated lower mortality in patients undergoing
repair as compared to patients undergoing replacement. The
benefit of mitral valve repair also applies to cost outcomes.
Similar results were obtained in prior studies showing lower
average inpatient costs for mitral valve repair as compared to
replacement in other mitral valve disorders [Vassileva 2012;
Kilic 2015].

Trends

While no significant changes were observed in the inci-
dence of CTR, or in the age or gender distribution of patients,
a sustained increase in the severity of comorbidity index was
observed. This may be a true increase that reflects the over-
all increase in prevalence of diabetes, cardiovascular disease,
acquired immunodeficiency syndrome, and other chronic
conditions [Global Burden of Disease Study 2013 Collabora-
tors 2015; Leon 2015] or it may be a consequence of improved
diagnostic techniques, resulting in more accurate reporting of
comorbidities in these patients. The increase in the burden of
comorbidities could also be partly responsible for the signifi-
cant increase in the costs of in-hospital care for both groups of
patients undergoing MVR or MVP in our study.

In addition, the trend of in-hospital mortality in patients
with CTR decreased over time. This effect was observed in
both groups of patients undergoing MVP and MVR. This
could in part be explained by improvement in surgical tech-
niques over time. Also, overall reduction in mortality might
also be due to increasing employment of MVP over MVR
over the years [Gammie 2009].

Predictors of in-bospital mortality

As expected, older age was associated with higher mortal-
ity risk, which was previously reported for both mitral valve
repair [Triantafyllis 2015] and replacement surgeries [Samiei
2014]. Additionally, we identified correlation of several
comorbidities with mortality risk in our multivariable analy-
sis. Congestive heart failure, acute myocardial infarction,
higher CCI, and intra aortic balloon pump use were shown
to have the strongest correlation with mortality. The associa-
tion of increased mortality with congestive heart failure is not
surprising, since preoperative ejection fraction was previously
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shown to be the strongest predictor of survival in patients
undergoing mitral valve surgery [Triantafyllis 2015]. Simi-
larly, the strong association of acute myocardial infarction
with mortality was expected. Mortality in acute mitral regur-
gitation is determined by the underlying etiology, reaching
55% in patients with acute myocardial infarction [Thompson
2000], while non-ischemic chordal rupture due to myxoma-
tous degeneration, mitral valve prolapse, or endocarditis are
associated with lower mortality rates [Dal-Bianco 2014]. This
may be explained in part by the fact that acute mitral regur-
gitation may present with acute pulmonary edema due to a
rapid increase in volume in the left atrium and pulmonary
venous system, while in chronic mitral regurgitation there is
adaptation of the left ventricle and left atrium, resulting in an
asymptomatic period prior to presentation.

Although to date there have been no studies looking at
the burden of co-morbidities in patients with CTR, CCI was
shown to be an independent predictor of mortality in various
cardiac disorders [Bhavnani 2013; Lu 2013; Mamas 2015].

In our study, MVP and hypertension were independently
associated with decreased mortality. The benefits of MVP
have been previously studied for patients with mitral regur-
gitation of all etiologies [Gammie 2009; Kilic 2015] includ-
ing degenerative valvular disease [McNeely 2015]. Our study
further supports employment of MVP rather than MVR for
patients with CTR, as MVP was independently associated
with improved survival. However, it should be noted that the
population of patients receiving MVR were drastically differ-
ent from the patient population who underwent MVP. This
supports the concept that the decision to choose MVR over
MVP in padents with CTR should be tailored to the indi-
vidual patient’s clinical and anatomic characteristics. Further
studies that include analysis of the degree of mitral regurgita-
tion, the severity and extent of the disease, are warranted to
identify the best possible individualized treatment options for
patients with CTR.

Limitations

Our study has several limitations. First, the NIS is an
administrative database, which is predisposed to errors aris-
ing from coding inaccuracies. However, in previous studies
it was shown that inaccuracies observed in this type of data-
base would likely result in undercoding rather than overcod-
ing [Al-Khatib 2005]. Another limitation of this analysis is
that some variables that could potentially affect the results
were not available in the registry, such as: the type of surgery
performed; the type of prosthesis used; the degree of mitral
regurgitation; the severity of the condition on presentation;
the extent of the disease; the area of expertise of the operating
surgeon; and institutional resources. Third, despite the fact
that NIS is designed to account for variability in cost among
hospitals by using cost-to-charge ratios, in order to accurately
address the issue of inpatient costs, further breakdown of costs
into fixed and variable, and intraoperative and postoperative,
would be desired. Unfortunately, it is not possible to derive
these from NIS database. Fourth, NIS reports in-hospital
mortality but is unable to capture events that occur after hos-
pital discharge. Moreover, the database excludes data collected



after patient transfer to another hospital or patient readmis-
sion for re-operation. Finally, given the limited number of
parameters included in NIS, the possibility of residual unac-
counted confounding factors cannot be excluded in the pres-
ent study. Therefore, the results of the current study should
be interpreted in the context of these limitations.

Our study reports contemporary trends in a large number
of patients with CTR in the United States. The results indi-
cate that MVP is associated with lower mortality rates and
costs compared to MVR. These results support utilization of
MVP in patients with CTR when technically feasible.
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