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Abstract

Central Message

Objective: The safety of minimally invasive mitral valve surgery (MIMVYS) in elderly patients is still
debated. Our objective was to perform a systematic review and meta-analysis of studies comparing
MIMVS with conventional sternotomy (CS) in elderly patients (265 years old). Methods: We
searched PubMed, EMBASE, Web of Science, clinicaltrials.gov, and Cochrane Central Register of
Controlled Trials for trials and observational studies comparing MIMVS with CS in patients 265 years
old presenting for mitral valve surgery. We performed a random-effects meta-analysis of all out-
comes. Results: The MIMVS group had lower odds of acute renal failure (odds ratio [OR] 0.27; 95%
Cl1 0.10 to 0.78), prolonged intubation (>48 h; OR 0.47; 95% Cl 0.31 to 0.70), less blood product
transfusion (weighted mean difference [WMD] -0.82 units; 95% Cl —1.29 to —0.34 units), shorter
ICU length of stay (LOS; WMD —2.57 days; 95% ClI —3.24 to —1.90 days) and hospital LOS (WMD
—4.06 days; 95% CI —5.19 to —2.94 days). There were no significant differences in the odds of mortal-
ity, stroke, respiratory infection, reoperation for bleeding, and postoperative atrial fibrillation. MIMVS
was associated with longer cross-clamp (WMD 1 1.8 min; 95% CI 3.5 to 20.1 min) and cardiopulmo-
nary bypass times (VWMD 23.0 min; 95% Cl 10.4 to 35.6 min). Conclusions: MIMVS in elderly pa-
tients is associated with lower postoperative complications, blood transfusion, shorter ICU, and
hospital LOS, and longer cross-clamp and bypass times.
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Introduction

In recent years, a large body of evidence has shown that mini-
mally invasive techniques can be used in mitral valve repair

Minimally invasive
mitral valve surgery
in elderly patients
is associated with
lower postopera-
tive complications,
blood transfusion,
and shorter inten-
sive care unit and
hospital length of
stay.

excluded from the major studies that compared MIMVS to CS
approaches. Therefore, it is currently unclear if elderly patients

safely with good results in experienced hands. Repair rates with

minimally invasive mitral valve surgery (MIMVS) have been
shown to be superior as compared with a conventional sternot-
omy (CS)." With better cosmesis, faster healing, shorter hospi-
tal length of stay, and quicker return to work, MIMVS has seen
increasing adoption and is becoming the standard of care.’
Elderly patients represent a large proportion of patients pre-
senting with mitral valve disease; in fact, the incidence of at
least moderate regurgitation in patients aged 70 to 83 years is
more than 10%.>* This patient population is believed to be at
an increased perioperative surgical risk® and has therefore been
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benefit from the minimally invasive techniques. To address this
question, we performed a systematic review and meta-analysis
of observational studies comparing MIMVS with CS in elderly
patients (>65 years old). We hypothesized that MIMVS would
yield noninferior outcomes if performed at experienced
centers.

Methods

Data Sources and Study Selection

We performed a systematic search in PubMed, EMBACE, Web of
Science, clinicaltrials.gov, and Cochrane using the search words
“Minimally invasive” OR “port access” OR “video-assisted” OR
“small-incision” OR “noninvasive” OR "Minimally Invasive
Surgical Procedures" OR “thoracotomy” OR “‘mini-thoracotomy”
OR “thoracoscope” AND “Sternotomy”” OR “median sternotomy”
OR “conventional sternotomy” AND “Mitral Valve” OR “Mitral
Valve Annuloplasty” OR “mitral.” The “age” of the patients or
their “elderly” status were not specifically included in the search
strategy in order to increase the sensitivity of our search results,
therefore minimizing the exclusion of any potential study that did
not highlight “age” or “elderly.” We included all studies examining
elderly patients (>65 years old) undergoing mitral valve surgery
with stratification on whether it was a minimally invasive versus a
sternotomy approach. We excluded non-English studies, nonhu-
man studies, studies with patients <65 years old, meta-analyses,
case reports, and any study that did not provide a comparison
analysis.

Data Extraction

Two reviewers (A.H., S.G.) independently reviewed abstracts
and full texts using the “Covidence” online screening tool
based on the above-mentioned inclusion and exclusion criteria
(Fig. 1). A third reviewer (F.H.) resolved any disagreement on
study inclusion. Once the appropriate articles were selected, the
3 reviewers (A.H., FH., S.G.) then independently extracted
data including publication details, patient demographics, surgi-
cal approach, operative details, and postoperative outcomes.
One study by Hawkins et al. met all of the inclusion criteria,
except that the average age was 62 years.” We contacted the
corresponding author of the study and he provided us with an
adjusted analysis restricted to age >65 years.

Quality Assessment

We used the Newcastle-Ottawa quality assessment scale for
cohort studies to assess the quality of the 10 studies that were
included in our systematic review and meta-analysis.” The
Newecastle-Ottawa scale allows the assessment of 3 main
domains: (1) Selection of the included studies; (2) comparabil-
ity of the study groups; (3) assessment and reporting of the out-
comes. Each of these domains is evaluated with a set of
questions, and the scores are then converted to an overall

PubMed, EMBACE, Web of Science, clinicaltrials.gov, and Cochrane were searched for the following text
words in the title or abstract

“Minimally invasive” OR “port access” OR “vid isted” OR “small-incision” OR “nonil ive” OR
"Minimally Invasive Surgical Procedures" OR “thoracotomy” OR “mini-thoracotomy” OR “thoracoscope”
AND “Sternotomy” OR “median sternotomy” OR “conventional sternotomy” AND “Mitral Valve" OR
"Mitral Valve Annuloplasty" OR “mitral”

986 articles were retrieved

806 articles excluded based
on title and abstract screen

180 articles were selected
for full text review

170 articles were excluded.
Reasons:

-Different comparator group,
study population or outcomes
(n=142)

-Reviews (n=12)
-Different language (n=6)
-Missing data or duplicates (n=10)

10 studies were included in the systematic review and
meta-analysis

Fig. 1. Flow chart for the search strategy employed in the meta-
analysis.

quality score ranging from good, fair, or poor, based on the
Agency for Healthcare Research and Quality standards.

Statistical Analysis

All analyses were performed using the meta package in Stata
version 16 (StataCorp LP, College Station, TX) and random-
effects models using Sidik-Jonkman because of the setting of
rare outcomes. We pooled crude data from the different studies
under the assumption that the individual studies had balanced
baseline characteristics. For binary outcomes, we extracted the
number of events and calculated log odds ratio (OR) via Peto’s
method. When comparing continuous outcomes, we calculated
the weighted mean difference (WMD) between both study
groups. The heterogeneity between studies was assessed using
1%, which allowed us to estimate the percentage of total variabil-
ity that is due to between-studies heterogeneity rather than
chance alone. Meta-regression was performed in order to assess
if some of the variation between the studies (such as different
proportion of degenerative mitral disease and different
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proportion of mitral repair) influenced the main results of the
analysis.

Results

Characteristics of Included Studies and Quality
Assessment

There were 10 retrospective observational cohort studies pro-
viding a head-to-head comparison between MIMVS and CS in
elderly patients (>65 years old), with a total of 1,897 patients
(929 patients in the MIMVS group and 968 patients in the CS
group).**¥1® We had access to the full texts of 7 studies™®*1?
and only to the abstracts of 3 studies.'*'® After reviewing these
3 abstracts along with their accompanying materials, it was
believed that we had access to enough information to make an
assessment of the quality of the studies and to extract the appro-
priate information for our systematic review and meta-analysis.
However, given that we did not have access to the full manu-
scripts, these 3 studies were only included in a separate sensi-
tivity analysis.

All of the studies were single-center cohorts. The studies
were relatively recent with the oldest study published in 2011
and the most recent one published in 2019. The smallest study
reported on 45 patients'? and the largest study reported on 340
patients.'® All of the studies provided a comparison between
elderly patients (>65 years old) undergoing mitral valve sur-
gery through a minimally invasive versus a sternotomy
approach.

The overall quality was judged to be “Good” for 8 out of the
10 included studies (Supplemental Table 1). One study'® was
judged to be of “Poor” quality, mainly because it did not
demonstrate enough evidence of the comparability of the study

Table |I. Patient Preoperative Characteristics.

groups (minimally invasive vs sternotomy groups) at baseline.
The other study was judged to be of “Fair” quality, mainly
because it did not provide an extensive description of the base-
line demographics (Supplemental Table 1).'¢

Patient Characteristics

Patient preoperative characteristics are presented in Table 1.
Within individual studies, the patients’ baseline characteristics
were largely similar. All the minimally invasive procedures
were performed through a lateral minithoracotomy. The pro-
portion of degenerative mitral disease varied among studies,
ranging from 60%° to 93%."" The proportion of mitral repair
also varied among studies and ranged from 0%'* to 100%.""

Postoperative Outcomes

When we restricted the analysis to the 7 studies to which we
had access to the full manuscripts, we found that the MIMVS
group had significantly lower odds of acute renal failure (7
studies, 1,262 patients: OR 0.27; 95% CI 0.10 to 0.78; I’ =
72.6%; Fig. 2), prolonged intubation (>48 h; 4 studies, 729
patients: OR 0.47; 95% CI1 0.31 to 0.70; 1> =9.8%:; Fig. 3), and
also less blood product transfusion (3 studies, 493 patients:
WMD —0.82 units; 95% CI —1.29 to —0.34 units; I* = 53.8%;
Fig. 4), shorter intensive care unit (ICU) length of stay (LOS; 4
studies, 786 patients: WMD —2.57 days; 95% CI —3.24 to —1.90
days; I* = 50.8%), and hospital LOS (6 studies, 976 patients:
WMD —4.06 days; 95% CI —5.19 to —2.94 days; 1 = 71.7%;
Fig. 5) favoring MIMVS.

There were no statistically significant differences in the odds
of stroke (6 studies, 1,117 patients: OR 0.79; 95% CI 0.27 to
2.31; 1> = 53.6%; Supplemental Fig. 1), respiratory infection (3

Proportion of

degenerative  Proportion of

Patients Age, yr Male Stroke COPD Cr, umol/L LVEF, % PVD HTN Diabetes BMI, kg/m? mitral disease  mitral repair

Study M Ccs M cs Mi cs MI cs MI cs M cs Mi cs MI cs M cs Mi cs Mi CS  Overall cohort  Overall cohort

Seven studies included in main analysis

Holzhey et al. 143 143 76x T76x 102(71) 98(69) 12(8) 9(6) 13(9) 12(8) - ~ 5815 5815 21(I5) 18(13) - - 322 3504 - - 83% 56%
(011)° 39 36

Santana et al. 64 96 694+ 647+ 35(55) 54(56) 3(5) 17(18) 26 (41) 34(35) 108 £44 108 +44 54+ 13 50+ 14 5(8) 16(17) 60(94) 88(92) 25(39) 35(36) 348+ 349+ - -
(2011)° 1 1.5 53 48

Lamelas etal. 119 84 806% 797+ 47(39) 37(44) 19(le) 9(11) - — 9427 94%27 58+10 54%10 7(6) 8(10) 109(92) 80(95) 32(27) 20(24) 264+ 264t - -
01 1)* 4.4 4.4 39 39

Iribarne et al. 70 105 786+ 794+ 43(6l) 70(67) 3(4) 9(9) 4(8) 13(12) 884 97+4 5212 50%12 2(3) 2(2 - - 5(7) 7(7) 24 245% 65% 61%
(2012)° 33 39 0.5 0.4

Hawkins et al. 47 184 738+ 738% 23(49) 85(46) 2(4) 39(21) 5(I1) 31(17) 9746 117+£97 58+ 10 56+ 10 2(4) 18(10) 2(4) 18(10) 9(19) 49Q27) - - 60% 42%
(2018)° 6.8 6.1

Losenno et al. 121 41 739% 758+ 71(59) 31(76) 8(7) 5(12) 5(4) 7(17) 86+23 102+4] 62+7 618 5(4) 5(12) 7€) 7(17) 26t 284+ 93% 100%
(2019)" 67 6.8 5 79

Chen et al. 20 25 683 69.1+ 8(40) 11 (44) O 0 - - 99%12106%15 51+7 508 - - 7(35 10(40) 5(25) 8(32) 9.0t 187% - 0%
(2019)'2 26 36 22 3.1

Three additional studies included in sensitivity analysis

Chen et al. 50 50 829+ 826+ 27(54) 27(54) 8(l6) 7(14) - - 973511588 - - - —  36(72) 40(80) 2(4) 7(l4) 24+ 2462 - 80%
(2017)"3" 28 22 38 4

Peterson et al. 50 145 745+ 75% - - - - - - - - - — - - - - - - - - 100%
(2018)"* 25 4

Van lackenetal. 245 95 68 72 117(48) 37(39) - - - - - - - - - - - - - - - - -

(2019)"¢ 16 14

Abbreviations: BMI, body mass index; COPD, chronic abstructive pulmonary disease; Cr, preoperative creatinine; CS, conventional sternotor
Data presente d as mean +SDorn (%)

tomy; HTN, hypertension; LVEF, left ventricular ejection fraction; MI, minimally invasive; PVD, peripheral vascular disease.
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Treatment  Control Peto's OR Weight Treatment Control Mean Diff. Weight
Study Yes No Yes No with 95% CI (%) Study N Mean SD N Mean SD with 95% Cl (%)

Holzhey 2011 13 130 13 130
Santana 2011 0 64 6 90

1.00[0.45, 2.24] 18.70
0.18[0.03, 0.94] 13.75

Lamelas 2011 1 118 14 70 0.10[0.03, 0.29] 17.27
Ailawadi 2012 1 46 6 178 0.68[ 0.11, 4.40] 12.61
Iribarne 2012 1 69 6 99 - - 0.33[0.07, 1.54] 14.45
Chu 2019 0 121 4 37 0.02[0.00, 0.17] 10.54
Chen 2019 2 18 3 22 — ——0.82[0.13, 5.22] 12.68
Overall 0.27[0.10, 0.78]
Heterogeneity: 12 = 1.35, | = 72.63%, H* = 3.65

Test of 0, = 0 Q(6) = 20.34, p = 0.00 Favors Minimally-Invasive | Favors Sternotomy

Testof 6 =0:z=-2.42, p=0.02
' | v i
1/512  1/64 1/8 1

Random-effects Sidik-Jonkman model

Fig. 2. Forest plot for acute renal failure.

studies, 677 patients: OR 0.30; 95% CI 0.03 to 3.04; =
69.2%), postoperative atrial fibrillation (3 studies, 656 patients:
OR 0.61; 95% CI 0.33 to 1.13; I> = 60.2%), mortality (6 stud-
ies, 1,217 patients: OR 0.59; 95% CI, 0.20 to 1.77; = 64.6%:;
Supplemental Fig. 2), and reoperation for bleeding (6 studies,
1,100 patients, OR 0.58; 95% CI 0.25 to 1.39; I> = 51.1%;
Supplemental Fig. 3).

MIMVS was associated with significantly longer cross-
clamp (7 studies, 1,262 patients: WMD 11.8 min; 95% CI 3.5
to 20.1 min; I = 90.1%) and cardiopulmonary bypass times (7
studies, 1,262 patients: WMD 23.0 min; 95% CI 10.4 to 35.6
min; I> = 91.7%).

We performed 3 additional sensitivity analyses. The first
sensitivity analysis consisted of including the 3 abstracts into
the meta-analysis (yielding a total of 10 studies). The second
sensitivity analysis consisted of performing meta-regression to
assess whether the variations between the studies in the propor-
tion of degeneration mitral disease or the proportion of mitral
repair influenced the results. The third sensitivity analysis
examined the influence of the inclusion of propensity-matched
studies versus unmatched studies on the postoperative
outcomes.

For the first sensitivity analysis, when all 10 studies where
included for analysis, MIMVS group had significantly lower
odds of acute renal failure (8 studies, OR 0.29; 95% CI 0.11 to
0.75; 12 = 67.5%), prolonged intubation (>48 h; 4 studies, OR

Holzhey 2011 143 36 6.2 143 39 46 -0.30[ -1.57, 0.97] 1145

Chu 2019 121 3 16 4 8 18 -0.50[ -1.09, 0.09] 31.91
Chen 2019 20 13 19 25 24 .39 -1.10[ -1.29, -0.91] 56.64
Overall -0.82[ -1.29, -0.34]

Heterogeneity: 12 = 0.09, I = 53.76%, H* = 2.16
Test of 6, = 6: Q(2) = 4.97, p = 0.08
Testof 6 =0:z=-3.38, p=0.00

Favors Mimimally-Invasive | Favors Sternotomy

Random-effects Sidik-Jonkman model

Treatment  Control
Study Yes No Yes No

Peto's OR Weight
with 95% Cl (%)

Santana 2011 12 52 33 63
Lamelas 2011 23 96 32 52
Ailawadi 2012 3 44 29 155
Iribarne 2012 7 63 14 91

0.46[0.23, 0.94] 29.23
0.39[0.21, 0.73] 85.52
0.46[0.18, 1.15] 17.67
0.73[0.29, 1.85] 17.58

Overall 0.47[0.31, 0.70]
Heterogeneity: 12 = 0.02, I = 9.82%, H* =1.11
Testof 6,=6,:Q(3) =1.23,p=0.75 Favors Minimally-Invasive | Favors Sternotomy

Test of 8 =0:z =-3.66, p=0.00
—_— T
1/4 12 1

Random-effects Sidik-Jonkman model

Fig. 4. Forest plot for blood transfusion.

0.47;95% C10.31 t0 0.70; I’= 9.8%), wound infection (3 stud-
ies, OR 0.14; 95% CI 0.05 to 0.44; I> = 17.1%), and also less
blood product transfusion (4 studies, WMD —0.96 units; 95%
CI—1.61 to —0.30 units; I* = 75.7%), shorter ICU LOS (6 stud-
ies, WMD —1.69 days; 95% CI —2.68 to —0.70 days; I* = 89.2%)
and hospital LOS (8 studies, WMD —3.12 days; 95% CI —4.62
to —1.62 days; I = 92.2%) favoring MIMVS. There were no
statistically significant differences in the odds of stroke (9 stud-
ies, OR 0.60; 95% CI 0.22 to 1.63), respiratory infection (4
studies, OR 0.31; 95% CI 0.06 to 1.53), postoperative atrial
fibrillation (3 studies, OR 0.61; 95% CI 0.33 to 1.13), mortality
(9 studies, OR 0.56; 95% CI, 0.23 to 1.36), or reoperation for
bleeding (7 studies, OR 0.58; 95% CI 0.25 to 1.39). MIMVS
was associated with significantly longer cross-clamp (10 stud-
ies, WMD 14.2 min; 95% CI 7.4 to 21.0 min) and cardiopulmo-
nary bypass times (10 studies, WMD 28.9 min; 95% CI 18.0 to
39.8 min).

Meta-regression revealed that the differences/similarities in
outcomes between MIMVS and CS were not influenced by the
variation in the proportion of degenerative mitral disease nor
the proportion of mitral repair between the studies that were
included in the meta-analysis (Table 2).

In the third sensitivity analysis where we examined the
influence of the inclusion of propensity-matched studies versus
unmatched studies on the postoperative outcomes, meta-
regression revealed that the differences/similarities in outcomes
between MIMVS and CS were not influenced by the inclusion

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Santana 2011 64 7.23 3 96 11.23 593 -4.00[ -5.57, -2.43] 18.05
Lamelas 2011 19 7.67 23 84 1367 815 - - -6.00[ -7.54, -4.46] 18.29
Ailawadi 2012 47 81 103 184 109 85 -2.80[ -5.65, 0.05] 10.02
Iribarne 2012 70 8.7 72 105 1.7 11 -3.00[ -3.29, -2.71] 27.33
Chu 2019 121 6.9 43 41 129 187 -6.00 [ -9.56, -2.44] 735
Chen 2019 20 105 29 25 142 21 = = -3.70[ -5.16, -2.24] 18.96
Overall -4.06 [ -5.19, -2.94]

Heterogeneity: 1% = 1.19, I? = 71.69%, H? = 3.53
Testof 8,=6: Q(5) = 18.28, p = 0.00
Testof 8 =0:z=-7.07, p = 0.00

ve | Favors Sternotomy

Random-effects Sidik-Jonkman model

Fig. 3. Forest plot for prolonged intubation.

Fig. 5. Forest plot for hospital length of stay.
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Table 2. Meta-Regression Examining Influence of Variation in Proportion of Mitral Repair and Proportion of Degenerative Mitral Disease
Between the Studies on Postoperative Outcomes.

Outcomes Regression coefficient 95% ClI P value
Acute renal failure Mitral repair: 0.05 —6.98 to 7.09 0.98
Degenerative regurgitation: —3.99 —55.75 to 47.77 0.51
Prolonged intubation Mitral repair: IS — —
Degenerative regurgitation: IS — —
Blood transfusion Mitral repair: 0.65 —3.23 to 4.53 0.28
Degenerative regurgitation: IS — —
ICU length of stay Mitral repair: IS — —
Degenerative regurgitation: IS — —
Hospital length of stay Mitral repair: —0.64 —8.98 to 7.70 0.77
Degenerative regurgitation: 10.39 —91.06 to 70.29 0.35
Stroke Mitral repair: 2.75 —6.67 to 12.17 0.34
Degenerative regurgitation: 3.61 —10.42 to 17.64 0.38
Respiratory infection Mitral repair: IS — —
Degenerative regurgitation: IS — —
Postoperative AF Mitral repair: 1.02 —6.57 to 8.6l 0.34
Degenerative regurgitation: 2.05 —1291 to 17.01 0.33

Mortality

Reoperation for bleeding

Mitral repair: IS
Degenerative regurgitation: IS
Mitral repair: IS
Degenerative regurgitation: IS

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; ICU, intensive care unit; IS, insufficient studies.

of both propensity-matched studies and unmatched studies

(Table 3).

Discussion

We present the first meta-analysis to compare the outcomes of
MIMVS versus CS in elderly patients. We found that MIMVS
is associated with lower odds of acute renal failure, prolonged
intubation (>48 h), less blood product transfusion, and shorter
ICU and hospital LOS. There was also no significant difference

in mortality, stroke, respiratory infection, postoperative atrial
fibrillation, or reoperation for bleeding. As expected, MIMVS
was associated with longer cross-clamp and cardiopulmonary
bypass times. All of these findings were consistent whether we
included or excluded the 3 studies to which we only had access
to their abstracts. Also, these findings were not influenced by
the variation in the proportion of degenerative mitral disease or
the proportion of mitral repair in the studies that were included.

Minimally invasive techniques have been applied to mitral
repair for nearly 2 decades with good results in experienced

Table 3. Meta-Regression Examining Influence of the Inclusion of Propensity-Matched Studies Versus Unmatched Studies on Postoperative

Outcomes.

Outcomes Regression coefficient 95% ClI P value
Acute renal failure —-1.30 —4.29 to 1.70 0.26
Prolonged intubation 0.31 -2.31 t0 2.92 0.66
Blood transfusion 0.57 —9.54 to 10.68 0.6l
ICU length of stay 1.51 —-3.20 to 6.21 0.30
Hospital length of stay 1.42 —-3.98 to 6.81 0.51
Stroke —0.60 —2.78 to 1.57 0.44
Respiratory infection insufficient studies — —
Postoperative AF —0.44 —4.62 to 3.74 0.41
Mortality —-0.59 —28.72 to 27.54 0.83
Reoperation for bleeding -0.32 —8.28 to 7.63 0.70
Cross-clamp time 4.15 —21.68 to 29.98 0.70
CPB time 16.14 —17.33 to 49.62 0.27

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; CPB, cardiopulmonary bypass; ICU, intensive care unit.
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hands. Repair rates and early and late durability with an endo-
scopic, right minithoracotomy approach have been shown to be
excellent and equally as good as sternotomy in centers of
expertise.” However, most of the studies comparing MIMVS to
CS included younger patients, most commonly in their fifth
decade of life.'” >

Concerns have been previously raised that MIMVS has
additional unique complications, including phrenic nerve palsy,
unilateral pulmonary edema, and retrograde aortic dissection
which may be potentially increased in a frail elderly popula-
tion.”> In a Society of Thoracic Surgeons Database analysis of
over 28,000 patients undergoing mitral repair, they found a sig-
nificantly increased risk for perioperative stroke in patients
undergoing less invasive mitral operations but concluded that
these may be related to beating or fibrillating heart techniques.”
Our results are reassuring for stroke risk in MIMVS in that
there was no increased risk or even signal towards more strokes
in the MIMVS group. With respect to other complications, our
findings were also reassuring with lower odds of many of these
complications in the MIMVS group.

Several other studies have investigated the differences in
outcomes between MIMVS and CS in this elderly population;
however, these studies were limited in generalizability and
most importantly, their estimated results were restricted by the
rarity of the postoperative outcomes/complications.

Study Limitations

Our study has some limitations. All of the studies included in
our analysis were retrospective studies and were therefore lim-
ited by the intrinsic biases that they may carry, particularly the
selection bias (confounding by indication) where patients had
to be good candidates to undergo a minimally invasive
approach. As in any meta-analysis combining/pooling results
from different studies, it is expected to see differences in the
characteristics of the individual studies that are included in the
analysis. This explains why we have performed our meta-
analysis using random-effects (rather than fixed effects) in
order to account for the between-studies variabilities. Some of
the outcomes have substantial heterogeneity. We have attempted
to understand the source of this heterogeneity and have per-
formed 3 meta-regressions (as part of sensitivity analyses) and
found that this heterogeneity was neither influenced by the
variation in the proportion of degenerative mitral disease, nor
the proportion of mitral repair between the studies that were
included in the meta-analysis, nor the inclusion of both
propensity-matched studies and unmatched studies. Other ele-
ments that might be driving the heterogeneity could be the dif-
ferent definitions of outcomes among various studies (such as
the case for acute renal failure) and the presence of other
between-studies variations that were not accounted for in our
analysis. An example of this could be the variations in some
intraoperative variables, for example the use of central versus
peripheral cannulation, that could have caused the significant
heterogeneity in cross-time and bypass times. Our

postoperative outcomes were limited to in-hospital complica-
tions and did not report on long-term outcomes, simply because
the 10 studies included in this meta-analysis did not provide
any long-term follow-up.

Conclusions

In the first meta-analysis in elderly patients comparing MIMV'S
to CS in elderly patients, we found that compared to CS, the
minimally invasive approach when performed by experienced
surgeons, was not associated with significantly different mor-
tality, but was associated with significantly lower postopera-
tive morbidities, blood transfusion, and shorter ICU and
hospital LOS. Despite longer cross-clamp and bypass times,
there does not appear to be a physiologic penalty and the risk
of renal failure is in favor of MIMVS. Therefore, patients over
65 years presenting at experienced cardiac surgery centers
should not be deprived from the advantages of a surgical mitral
intervention, simply on the basis of their perceived “higher
risk.”
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