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ABSTRACT

Background: To assess clinical outcomes among partici-
pants undergoing mitral valve replacement with preservation
of subvalvular apparatus.

Methods: Electronic databases, including PubMed,
Embase, Science Direct, World of Science, Scopus, Biosis,
SciElo and Cochrane library, were probed using an exten-
sive search strategy. Studies that reported at least one clinical
outcome, such as morbidity, mortality, early 30-day mortal-
ity, myocardial failure, survival, late cerebrovascular events,
length of stay, or major operative complications (stroke, pro-
longed ventilation, and reoperation for bleeding, renal failure,
and sternal infection) were considered for inclusion. Data was
extracted and pooled into a meta-analysis in RevMan (version
5.3) using a random-effects model.

Results: A total of 21 studies with 5,106 participants (age
range: 27.3-69.2 years) were included in this meta-analysis.
Preservation of the subvalvular apparatus during MVR sig-
nificantly reduces the risk of long-term mortality (OR: 0.46;
95% CI: 0.33-0.64), but not early mortality (OR: 0.76; 95%
CI: 0.12-4.93). No significant difference ejection fraction was
observed (SMD: 0.10; 95% CI: -0.44-0.64). Similarly, there
was no significant difference in the risk of stroke, renal failure,
and pneumonia between C-MVR and in the control group.

Conclusion: MVR with the preservation of subvalvu-
lar apparatus improves clinical outcomes, such as long-term
mortality, hospital length of stay, pneumonia, and bleed-
ing. There is no significant difference in the risk of stroke,
renal failure, or ICU length of stay. However, there is very
limited data available with respect to bleeding, sepsis, and
nosocomial infections.
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INTRODUCTION

The prevalence of ischemic mitral regurgitation ranges
between 1.6 million to 2.8 million in the United States.
Patients with mild or greater degrees of mitral regurgi-
tation after myocardial infarction are at a significantly
increased risk of mortality [Rossi 2017; Grigioni 2001;
Ellis 2002]. A majority of these patients require mitral valve
replacement (MVR) when a repair is not feasible, however,
this process can result in a deterioration in the left ven-
tricular (LV) function. As such, preservation of optimal LV
function is of great significance in this group of patients
[Ellis 2002].

The importance of preserving the subvalvular apparatus
was first demonstrated in the early 1960s [Lillehei 1963].
Studies published in the late 1970s reported that the preser-
vation of subvalvular valve apparatus improves LV function
and mortality, especially in patients with mitral regurgitation
[Hiiseyin 2013]. Many studies have been addressed the early
and late hemodynamic benefits of preserving the mitral sub-
valvular apparatus during MVR, however, the issue of com-
plete versus partial chordal preservation has yet to be fully
investigated [Yun 2002].

Similarly, in non-rheumatic MVR, preservation of the
subvalvular apparatus has maintained annular-papillary con-
tinuity, which helps improve LV function in the early and
late postoperative period, and subsequently showed short-
and long-term survival [Coutinho 2015]. It also has been
suggested that MVR with preservation of subvalvular appa-
ratus provides better freedom from mild to moderate mitral
regurgitation (MR) in patients with ischemic mitral regur-
gitation (IMR), with a low incidence of valve-related com-
plications. A study conducted by Reece et al [Reece 2004]
reported that mitral valve repair is superior to replacement.
However, recent literature suggests that MVR with pres-
ervation of the subvalvular apparatus still is a better option
in some patients with ischemic mitral regurgitation. In this
study, we aimed to assess the clinical outcomes of MVR with
complete preservation of subvalvular apparatus as compared
with other procedures.
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Table 1. Assessment of eligibility by full texts, according to the
eligibility criteria

Population Patients undergoing mitral valve replacement. Animal

studies excluded

Intervention MVR with complete preservation of subvalvular apparatus

Comparator Partial preservation (the posterior leaflet or basal chor-
dae), mitral repair, excision of subvalvular apparatus, or
comparison between partial or complete preservation

Outcomes Primary outcome: mortality (30 day, and long-term

mortality), ejection fraction

Secondary Hospital length of stay, ICU length of stay, stroke,

outcome prolonged ventilation, bleeding, renal failure, infection,
pulmonary complication (pneumonia, atelectasis, and
prolonged ventilation), postoperative need for positive

inotropic agents, postoperative complications
Study design Randomised controlled trials, observational studies. Case
reports and case series were excluded

Publication Reviews, editorials, comments and letters were excluded

type

Language Any language

METHODS

Search strategy and study selection: A search of the elec-
tronic databases, including PubMed, Embase, Science Direct,
World of Science, Scopus, Biosis, SciIELO, Cochrane Library,
and China National Knowledge Infrastructure (CNKI) data-
base using an extensive search strategy to identify potentially
relevant articles. Moreover, the bibliographies and citation
sections (i.e, snowballing technique) of the included articles
also were searched to identify any additional studies. No lan-
guage or date restrictions were applied to the searches.

The following steps were conducted during study selection
process: (1) identification of titles of records identified through
databases searching, (2) removal of duplicates, (3) screening
by titles and abstracts, (4) assessment of eligibility by full-texts
according to the eligibility criteria explained in Table 1, and (5)
finally inclusion. This process was carried out by two indepen-
dentreviewers; in the case of any disagreement, a consensus was
reached by consolation with a third reviewer.

Search strategy:

1. "mitral valve"[MeSH Terms] OR ("mitral"[All Fields]

AND "valve"[All Fields]) OR "mitral valve"[All Fields]

2. "heart valves"[MeSH Terms]

3. "chordaetendineae"[MeSH Terms] OR ("chordae" [All
Fields] AND "tendineae"[All Fields]) OR "chordae
tendineae"[All Fields]

4. atrioventricular[All Fields] AND valve[All Fields]

5. #1 OR#2 OR #3 OR #4

6. "replantation"[MeSH Terms]

7. "surgery"[Subheading] = OR  "surgical  proce-
dures, operative"[MeSH Terms] OR "general

surgery'[MeSH Terms] OR surgery[Text Word]
8. #6 OR#7
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Figure 1. Early mortality (30-day mortality)

Experimental  Conrtrol Odds Ratio 0dds Ratio
Study or Subgroup __Events _Total Events Total Weight M-H. Fixed. 95% €I MH, Fixed, 95% €1

Chan 2011 12 B5 10 B5 B.5% 1.25[0.50, 313 I

Chen 2013 PR 4T 2E%  059[010,3.39 —_—

Chowdhury 2005 3 147 6 70 T4%  013[0.03057

Garcia-Fuster 2011 16 206 123 595 466%  03200.19,058 —-—

Gareia-Fuster 2008 o 162 9 248 6.0% 0.08[0.00,1.34 &¥———————————

Ghavidel 2012 1 £ 100 112 40%  027[0.03, 247 —_—

Kaul 1882 2 12 4 18 21%  070[0.11,4.59 I —

Lez 19% 8 @ 7 38 189%  042(019,0.89 —]

Muthialu 2005 3 2 23 262 25% 1.64[0.45, 5.96] ]

Reece 2004 B 6 1 54 07% B.3B[0.74,54.71] T

Zakai 2000 1 £ 3 3 25%  028[0.03 280 —

Tota (95% CI) 981 1844 100.0%  0.46[0.33,0.64] >

Total events 54 269

Heterogeneity: Ghi®= 21.02, df= 10 (P = 0.02); F= 52% 00 e

- 01 10
Test far overal effect 7= 471 < 0.00001) Favours lexperimental] - Favours [control

Figure 2. Long-term mortality
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Figure 3. Ejection fraction
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" s .
("instrumentation"[Subheading] OR
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Fields])

10. ("mitral valve"[MeSH Terms] OR ("mitral"[All Fields]
AND ‘"valve"[All Fields]) OR "mitral valve"[All
Fields]) AND ("instrumentation"[Subheading] OR
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13. #5 AND #8

14. #11 AND #12

15. #13 AND #14

Eligibility criteria: Studies that (1) included patients
undergoing MVR with preservation of subvalvular apparatus
and (2) reported at least one clinical outcome such as mor-
bidity, mortality, early 30-day mortality, myocardial failure,
survival, late cerebrovascular events, length of stay, major
operative complications (stroke, prolonged ventilation, and
reoperation for bleeding, renal failure, and sternal infection)
were considered for inclusion in the review (Table 1).

Data extraction: Data from the eligible studies were
extracted in a predesigned extraction spreadsheet by two
independent reviewers. Any disagreements were resolved by
a consensus among the reviewers. From each study, patient



Mitral Valve Replacement Using Subvalvular Apparatus: A Systematic Review and Meta-Analysis—Hsiceh et al

Experimental Control Odds Ratio Odds Ratio Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _Events _Total Events Total Weight W.H,Fixed,95% CI M-H, Fixed, 95% CI Study or Subgroup _ Events _ Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95% CI
Garcia-Fuster 2008 5 162 5 166 48.3%  096(0.27,3.39 — Gartia-Fuster 2011 4 108 3 6 160.4% 0.0410.01,0.26] —
Muthialu 2005 0 7 1 22 224%  0.09(0.00,238] —_ Garefa-Fuster 2008 4 162 9 156 30.6% 0.41(012,1.37] —e
Reece 2004 2 s 2 54 132%  096[013.709] _ Reete 2004 5 58 0 54 201% 1164[063,31584] -
Zakai 2000 PR T 3m o 101% 08900051477 - Zakai 2009 1% 132 129% 0.4310.04, 4.98] —
Total (95% CI) 130 264 1000%  0.76[0.30,1.92] T Total (35% CI) 360 248 100.0% 0.440.06,3.34] e
Total events P g Total events 14 14
Fe e o TauF= 3.14; Chi*= 1243, of= 3 (P = 0.006); = 76%
:5:;2?25:,‘3, E;;u ;?D‘ :L (SEPD ;'EJE”‘I % 0.002 o1 1 10 500 Testfor overall effect; Z= 0.80 (P = 0.42) et ok o 1oon
= = Favours [experimental] Favours [contro] Favours [experimental] Favours fcontrol]
Figure 4. Stroke Figure 8. Pneumonia
Experimental Control Mean Difference Mean Difference Edquiimestl; ot i i
Studyor Subgroup _ Mean  SD Total Mean  SD Total Weight IV,Fixed, 95%Cl W, Fixed, 85% C1 Study or Subgroup _ Events _Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95% CI
TR Gartia-Fuster 2011 4 108 3 6 320% 0.04(0.01,0.26] —
Cing 2004 641 12 43 833 1.8 51 7% -182(253,-131) B :
Coutinha 2012 101 B7 224 104 104 3P0 56% -030 165105 - Garcla-Fuster 2008 4 182 9 196 436% 0.411012,1.37] —
Ozterner 2014 712 22 16 692 23 54 B7% 020[1.04,1.44] - Reece 2004 8 86 0 &4 00% 1184[083 21584
Resce 2004 131 133 56 A7 083 &4 602% 340[289,381] u Zakai 2009 1 36 232 245% 0.43[0.04, 4.96] I
Total (95% CI) 339 529 100.0%  1.52[1.19,1.84] [] Total (95% CI) 304 194 100.0% 0.20[0.04,0.97] g
Heterogeneity, Chit= 212.98, df= 3 (P < 0.000013; F= 99% Total suents 9 12
EE 5 10 - Ao e -
Testfor overall effect: 2= 8.27 (P < 0.00001) Favours [experimental] Favours [control] ;‘sﬁ;gfgc;‘g&:m’z‘j 52-&“2P’_“D7§5')“" 2(F =009 = 5% ooz o 1o 500
= = Favours [experimental] Favours [control]
Figure 5. Hospital length of stay ) ) )
Figure 9. Pneumonia (Subgroup analysis)
Experimental Control Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD_Total Mean SD Total Weight IV, Fixed, 85% CI W, Fixed, 95% CI SE(loglORD
Anasiz 2014 337 128 5 313 083 26 169% 0.24[035083] 0+
Cing 2004 23 08 43 384 187 81 187% -134[191,-077] -
Ozderer 2014 130 06 16 142 03 54 G4d%  DADEDIN,049)
Total (95% CI) 84 131 100.0% -0.00[-0.33, 0.16] fa]
Heterogenelty. Chi*= 23,15, df= 2 (% = 0.00001); = 81% R N
Testfor overall effect 2= 0.70 (P = 0.48) Favours [experimental] Favours [control] 9
0.8+
Figure 6. ICU length of stay O
o o
. fal
Experimental Control Odds Ratio Odds Ratio 14
Study or Subgroup _ Events _Total Events Total Weight M.H, Random, 95% C1 .H, Random, 95% CI 0 a
Coutinho 2012 1 o B 370 60.3% 052(0.361.09 — o
Gareia-Fuster 2008 T8 915 184% 0741027, 209 i
Reece 2004 0o s 5 51 183% 1.25[0.45, 349 —t—
Zakal 2008 1% 23 3% 0.43[0.04, 498 _—
Total (95% CI} 478 612 100.0% 0.72[0.47, 1.11] - 1.54 o
Total svents 7
Heterogeneity: Tau™= 0L.00; Chit= 1,57, df = 3 (P = 0.67);1°= 0% YT S o s
Testforoveralleffect Z=148 (=014 Favours lesperimentall - Favours [sonral
. . } } } 1 L OR
Figure 7. Renal failure 0oz o1 ] 10 5

demographics and characteristics, study design, country, and
outcomes (number of events and number of total groups)
were extracted.

Definitions of outcomes

1. Primary outcomes

Early mortality: Number of deaths within 30 days of the
post-operative period (dichotomous data) [Osswald 1999]

Long term mortality: Number of deaths at follow up
(dichotomous data)

Ejection fraction: Measurement of how much blood the
left ventricle pumps out with each contraction (continuous
data measured using Echocardiogram)

2. Secondary outcomes

Hospital length of stay: Number of days spent in hospital
pre- and post-MVR (continuous data)

Intensive care unit stay: Number of days spent in intensive
care unit post-MVR (continuous data)

Stroke: Rapidly developing clinical signs of focal (or
global) disturbance of cerebral function, lasting more than 24
hours or leading to death, with no apparent cause other than
that of vascular origin (The global burden of cerebrovascular
disease (dichotomous data).

Bleeding: Timing of events, according to the clinical trial
and according to the particular pharmacotherapy or interven-
tion being studied, but at least at seven days, 30 days, and/or
at the end of the trial (dichotomous data).

© 2020 Forum Multimedia Publishing, LLC

Figure 10. Publication bias analysis by funnel plot graphic

Renal failure: Abrupt loss of kidney function assessed using
Serum creatinine (acute kidney injury (acute renal failure)
(dichotomous data)

Sternal infection: Positive culture results from surgi-
cal sites or drainage from the mediastinal area or evidence
of infection during surgical re-exploration or fever, sternal
instability, and positive blood culture result (dichotomous
data) [Cotogni 2015].

* Postoperative need for positive inotropic agents:
Patients receiving any inotrope/vasopressor postoper-
atively up to 12 hours after skin closure, including any
agents initiated intraoperatively (dichotomous data)
[Williams 2011]

*  Nosocomia infection: Infection occurring 48 hours after
hospital admission (dichotomous data) [Kouchak 2012]

*  Pulmonary complication: Complications such as
pneumonia, atelectasis, and prolonged ventilation
(dichotomous data)

* Postoperative complications: Any other postopera-
tive complications except the above-mentioned items
(dichotomous data)

Statistical analysis: Demographic details were summarised

using descriptive statistics. If the data was homogenous, a
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Table 2. [add title]

Characteristics of included studies Gender (N)
Age Mean (SD)/

Author Country Duration Study design N Group Median (IQR) M F

Reece 2004 NR 1995 to 2002 Retrospective study 110 C-MVR 69.2 (1.2) 38 16
Repair 67.0 (1.2) 22 32

Yun 2002 us Mar 1996 to Apr 1998 Randomized trial 47 C-MVR 56 (13) 15 7
P-MVR 59 (1) 4 "

Yun 1999 us Jun 1996 to Jul 1997 Randomized trial 50 C-MVR 54 (14) 8 3
P-MVR 62 (14) 3 5
Repair 65 (16) 4 2

Natsuaki 1996 NR Jan 1992 and Jan 1995 Retrospective 43 P-MVR 55 (10) 6 7
C-MVR 59 (10) 7 8
Repair 56 (11) 6 9

Garcia-Fuster 2008 NR 1996 and 2006 Retrospective study 560  No preservation 61 (9) 48 108
P-MVR 62 (9) 70 178
C-MVR 61 (10) 51 m

Chen 2013 China Oct 2003 to Dec 2007 Prospective study 128 C-MVR 40.8 (15.3) 23 35
P-MVR 41.7 (16.1) 23 47

Lee 1996 NR 1987 to 1994 Retrospective study 612 Repair 65.0 (10.0) 146 120
C-MVR 61.6 (1 1.5) 25 45
No preservation 62.7 (10.3) 107 pall

Kaul 1992 UK 1980 to 1985 Cohort 40 P-MVR 58.3 (1.5) 7 3
No preservation 59.1(2.7) 12 6
C-MVR 66.2 (0.7) 8 4

Coutinho 2015 Portugal Jan1992 to Dec 2012 Retrospective study 605 C-MVR 62.0 (10.2) 176 168
No preservation 59.8 (10.5) - 250

Chan 2011 Canada 2001 to 2010 Pmpe:ti;yy'basm 130 CMVR 68.5 (9.5) 43 2
Repair 66.9 (8.6) 45 20

Zakai 2009 Pakistan Jan 2009 to Sep 2009 Prospective study 132 No preservation 40.13 (10.50) 10 22
P-MVR 39.28 (15.68) 15 12
C-MVR 42.19 (15.14) 39 24

Sakai 1992 Japan Jan 1985 to Apr 1991 Retrospective study 36 C-MVR 47 (10) 6 6
Annuloplasty 58 (1) 8 4

Chowdhury 2005 India Jan 1996 to Dec 1999 Prospective study 451 No preservation 39 (15) 42 28
P-MVR 33 (19) 80 44
C-MVR 35 (23) 160 97

Cing "oz 2004 Turkey Jan 1995 to Feb 1997 Comparative study 94 No preservation 44.3 (4.1) 17 34
C-MVR 46.3 (4.65) 19 24

Alizadeh-Ghavidel 2013 Iran Jan 1996 to Nov 2006 Retrospective study 151 C-MVR 42 (18) 14 25
No preservation 47 (13) 44 68

Timala Nepal Apr 2011 to Apr 2012 Retrospective study 93 No preservation 27.3 (12.8) 38 51
P-MVR
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Table 2. [add title]

Characteristics of included studies Gender (N)
Age Mean (SD)/

Author Country Duration Study design N Group Median (IQR) M F
C-MVR

Dancini 2005 Brazi  Apr2000toNov200y  Landomizedcon- g CMVR 54.1 (15.8) - -

trolled trial

P-MVR
Valvuloplasty

Ozdemer 2014 Turkey March 2(;10(1:0 March Retrospective study 70 MVR-B 56.5 + 13.1 7 40
MVR-P 52.55 + 13.9 9

Garal”a-Fuster 2011 Spain Jan 1994 to Aug 2008 Retrospective study 805 P-MVR 61.4 (10.7) - 420
C-MVR 61.4 (10.4) -

Anasiz 2014 Turkey 2001 and 2007 Retrospective study 51 P-MVR 49.2+11.7 8 12
C-MVR 48.6+18.7 17

Muthialu 2005 India May 1996 to Aug 2002 Retrospective study 467  No preservation 37 (8-74)
P-MVR47 (18-61) -
C-MVR 38 (21-56)

C-MVR: complete preservation of subvalvular apparatus; P-MVR: Partial preservation of subvalvular apparatus; US: United states; UK; United Kingdom; NR:

Not reported

meta-analysis was performed. Forest plots were generated for
graphical presentations of clinical outcomes. Meta-analysis
was conducted using a weighted DerSimonian-Laird ran-
dom-effects model with effect sizes of odds ratio (OR), stan-
dardised mean difference (SMD) with 95% confidence inter-
val (CI). This model was weighted by the number of events
in each study. All statistical tests were two-sided, with P < .05
being considered statistically significant, except if otherwise
specified. Publication bias was assessed using visual inspec-
tion of funnel plots. To assess potential heterogeneity among
the included studies, the I’ statistic was employed with a value
>50% considered as a measure of significant heterogeneity.
The meta-analysis was conducted using “RevMan version
5.3” (from Cochrane community). If a meta-analysis was not
feasible, the findings of the systematic review were described.

RESULTS

The literature searches identified 254 records, with five
additional records added from the reference search. After
removal of duplicates, there were 255 citations, which were
screened using title and abstracts. A total of 55 articles were
considered potentially relevant, based on the initial screen-
ing, and the full text of the articles were evaluated. However,
further to researching the full text of the articles, 12 could
not be retrieved, thus being discarded; moreover, following
an analysis of the full-text against the exclusion criteria in the

© 2020 Forum Multimedia Publishing, LLC

methods section, 22 articles were excluded for the following
reasons: One study was focused on a microsimulation; one
article was a commentary of another study; in one study there
was no comparator; in 15 articles there were no preservation
of the subvalvular apparatus; and four studies did not have
data on the relevant clinical outcome measures investigated.
Finally, 21 studies (5,106 participants) were included in the
meta-analysis. The mean age of the study samples ranged
between 27.3 and 69.2 years. Of the 21 included studies,
three were randomized studies, 15 were observational stud-
ies, and three did not report a study design. The included
studies inclusively compared complete preservation of subval-
vular apparatus during MVR (C-MVR) with no preservation
(N = 10 studies), partial preservation of subvalvular apparatus
(P-MVR) (N = 12 studies), mitral valve repair (N = 5 stud-
ies), and annuloplasty (N = 2 studies). Most of the patients
had undergone MVR for rheumatic disease, or chronic mitral
regurgitation. Detailed study characteristics are presented in
Table 2.

Primary outcomes: Early mortality (30-day mortality). Early
mortality was reported in five studies [Coutinho 2015; Chan
2011; Chowdhury 2005; Cing6z 2004; Lee 1996]. A meta-
analysis these studies evaluating the effect on early mortality
reported no significant difference between C-MVR and control
groups (OR 0.76; 95% CI 0.12 t0 4.93; P=.77; 1> = 79%).

Long term mortality: A total of 11 studies (N = 2825)
reported data for a late mortality outcome [Reece 2004; Chan
2011; Chowdhury 2005; Lee 1996; Chen 2013; Garcia-Fuster
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2008; Garcia-Fuster 2011; Alizadeh-Ghavidel 2013; Kaul
1992; Zakai 2009; Muthialu 2005]. A meta-analysis of these
studies revealed that preservation of subvalvular apparatus
during MVR significantly reduces the risk of long term mor-
tality (odds ratio [OR] 0.46; 95% confidence interval [CI]
0.33 t0 0.64; P <.00001; I* = 52%) when compared to control
procedure.

Ejection fraction (EF): Data on EF was reported in 11
studies (N = 1512) [Yun 2002; Coutinho 2015; Chan 2011;
Chowdhury 2005; Chen 2013; Kaul 1992; Zakai 2009
Natsuaki 1996; Sakai 1992; Timala 2016; Yun 1999]. A pooled
summary estimate of these 11 studies found no significant dif-
ference in EF between C-MVR and no preservation or partial
preservation (standard mean difference [SMD]: 0.10; 95%
CL: -0.44 t0 0.64; P= .72, I = 95%).

Secondary outcomes: Stroke. Incidence of stroke was
reported in only four studies [Reece 2004; Garcia-Fuster
2008; Zakai 2009; Muthialu 2005]. A pooled analysis found
that there was no significant difference in stroke between
C-MVR and the control group (OR: 0.76; 95% CI: 0.30 to
1.92; P= .56, = 0%).

Hospital length of stay (LOS): Four studies compared hos-
pital LOS in C-MVR versus control group [Coutinho 2015;
Reece 2004; Cingoz 2004; Ozdemir 2014]. A meta-analysis of
these studies found a significant difference in hospital LOS
between C-MVR and control group (mean difference [MD]:
1.52 days; 95% CI: 1.19 to 1.84; P = < .00001; I* = 99%).

ICU length of stay: Three studies assessed ICU length
of stay. Pooling revealed there was no significant difference
between C-MVR with subvalvular preservation when com-
pared with no preservation (MD: -009 days; 95% CI: -0.33
t0 0.16).

Renal failure: Four studies assessed renal failure among
participants undergoing MVR with the preservation of sub-
valvular apparatus. Summary estimate of these four studies
showed slight, but not statistically significant reduction in
renal failure in C-MVR group compared with no preserva-
tion or partial preservation (OR: 0.72; 95% CI: 0.47 to 1.11;
P=.1412=0.0%).

Pneumonia: Four studies assessed the effect of C-MVR
on the risk of pneumonia [Reece 2004; Garcia-Fuster 2008;
Garcia-Fuster 2011; Zakai 2009]. Pooled analysis of these
studies demonstrated no significant difference in the risk of
pneumonia (OR 0.44; 95% CI10.06 to 3.34; P=.12; > = 76%).
However, when we did sensitivity analysis by removing Reece
2004 study, results were favorable to the C-MVR group (OR
0.20; 95% CI 0.04 to 0.97; P = .05; I = 58%).

Other outcomes: Two studies [Reece 2004; Zakai 2009]
reported eight nosocomial infections in the MVR group and
five studies in repair, one study in no subvalvular preservation
group, and two in partial MVR.

Prolonged ventilation was reported more in no subvalvu-
lar preservation group (12.5%; N = 32) and one in C-MVR
group (2.7%; N = 36).

Similarly, in two studies [Coutinho 2015; Garcia-Fuster
2011], bleeding was observed less in the MVR group than no
subvalvular preservation group (9 versus 33). The study by
Garcia-Fuster in 2008 reported that sepsis was observed more
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in partial MVR (five cases) than in no subvalvular preserva-
tion (two cases) and C-MVR (one case).

All mitral valve components such as the annulus, leaf-
lets, chordae tendinae, and papillary muscles work in coor-
dination to facilitate normal valvular function [Miller 2004;
Kodavatiganti 2002; Condado 2003]. The mitral valve consists
of two papillary muscles, the anterolateral, and the postero-
medial [Piérard 2004]. Mitral regurgitation is a condition that
results from disruption of the valve leaflets or any of the above-
mentioned components of the mitral apparatus [Maganti 2010].

In the early 1960s, MVR was carried out to manage
conditions like mitral regulations by implantation of a
Starr-Edwards prosthetic valve, with complete removal of the
mitral leaflets, the heads of the papillary muscles, and chordae
tendinae [Starr 1961]. However, this procedure was associ-
ated with a high incidence of low cardiac output syndrome,
other morbidity, and mortality. Too reduce such complica-
tions, a subvalvular apparatus preservation (SVP) strategy was
introduced [Athanasiou 2008]. David et al, in 1983, revised
the process of MVR with the preservation of the chordae
tendineae [David 1983]. Convincing clinical evidence was
reported in favor of the preservation of papillary muscles in
the study by Lillehei et al [Lillehei 1964].

Findings from this meta-analysis indicate that both the
risk of mortality and pneumonia were found to be reduced
in the C-MVR group as compared with the control group.
It was observed that C-MVR reduced ICU length of stay,
and bleeding as compared with the control group. One study
reported that prolonged ventilation was reduced in C-MVR
group compared to no preservation.

Although the results of our analysis on long-term mortality
were in favor of C-MVR, no statistically significant difference
was observed for 30-day mortality between the experimen-
tal and control groups. A previous meta-analysis conducted
by Athanasiou et al reported that excision of the subvalvu-
lar apparatus was found to be significantly associated with an
increased risk of overall mortality and 30-day perioperative
mortality [Athanasiou 2008]. In left ventricular contraction,
the papillary muscles play a vital role by drawing the mitral
ring toward the apex to shorten the axis for the ejection of
blood [Solomon 2006]. Hence, preserving subvalvular appa-
ratus during MVR may improve the ejection fraction, thereby
reducing mortality.

The risk of stroke, renal failure, and pneumonia were
slightly on the lower side in the C-MVR group than in control
group. However, the results were not statistically significant.

Strengths and limitations: A few limitations of this meta-
analysis should be considered. First, most of the included
studies were single-center retrospective observational stud-
ies, which are a high risk for inherent biases, such as recall
bias. Second, while inspection of funnel plots indicated a fairly
symmetrical distribution, the possibility of such bias still exists
and should be considered when interpreting this study’s find-
ings. Third, substantial statistical heterogeneity was present,
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but we were not able to explore the sources due to the low
number of studies included in each analysis. However, we sus-
pect that the main source of heterogeneity was the different
comparators employed for the control group. Very limited
data was available with respect to bleeding, sepsis, ionotropic
usage, and nosocomial infections, as such, there is a need for
further investigation of these parameters in future studies.

In conclusion, MVR with the preservation of the subvalvu-
lar apparatus improves clinical outcomes, such as long-term
mortality, hospital length of stay, pneumonia, and bleeding.
There is no significant difference in the incidence of stroke,
renal failure, and ICU length of stay.
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