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Abstract

Background: Degenerative Mitral Valve Disease (DMVD) is the most common cause of Mitral Regurgitation
(MR) and the main reason for surgical intervention in patients with heart diseases. Traditionally, open-heart
surgery or else sternotomy was the main surgical approach used until a few decades ago when Minimally
Invasive Surgical (MIS) approaches came into existence. MIS approach is thought to have superior clinical
outcomes while minimizing hospital and ICU stay; blood loss translating to fewer blood transfusions, and
lower incidence of complications. Despite many promising institutional and regional results of benefits of MIS
over the conventional surgery, the adoption of MIS worldwide in Mitral Valve Repair (MVR) has been so poor.
There are still arguments on the surgical and clinical benefits of MIS and more importantly the cost and the
expertise involved in conducting MIS.

Objective: This study aimed at comparing the costs, clinical and surgical outcomes of MIS with conventional
sternotomy MVR surgeries in patients with DMVD.

Methods: Electronic databases such as MEDLINE, PubMed, Science Direct, and Google Scholar were searched
for relevant peer-reviewed articles comparing costs and clinical outcomes of MIS with the conventional
surgery/sternotomy in DMVD from January 2013 to November 2020. A total of 77 articles were identified as
most relevant and therefore included in the meta-analysis.

Results: Findings from the meta-analysis pointed out that repair of the mitral valve using MIS patients with
DMVD has benefits such as short ICU, intubation and hospital duration; less loss of blood and therefore less
need of blood transfusion; low postoperative infection rates; smaller incisions; early ambulation and return to
activities of daily living over conventional surgery while maintaining similar costs of care and clinical
outcomes as a sternotomy.

Conclusions: Given the added advantages of MIS in mitral valve surgeries, cardiac surgeons should consider

it over the conventional open surgeries in patients with DMVD. In this regard, more surgeons and nurses need
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to gain competency in conducting MIS through training and fellowships; hospitals need to acquire the needed
infrastructure to enable the adoption of MIS.

Keywords
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Background

Degenerative Mitral Valve Disease (DMVD) also
known as mitral valve prolapse syndrome is a most
common disorder affecting 2-3% of people globally
and the leading cause of Mitral Regurgitation (MR) in
the USA [1-2]. Although its etiology is not well
understood, genetic mutations are thought to play a
pivotal role in the progressive non-inflammatory
changes [3] that occur in the structure of the Mitral
Valve (MV) in MVDD [3-4]. When left untreated,
DMVD causes cardiomegaly and dysrhythmias like
Atrial Fibrillation (AF) that affects the working of the
heart and can be fatal [5-6]

For many decades, open-heart surgery through
Median Sternotomy (MS) has been used in the repair
of insufficient MV. It involves making an 8-10-inch cut
through the patient's breastbone under general
anesthesia to expose the heart. Cardiopulmonary
bypass is done to shunt blood away from the heart to
enable the surgeon to operate [7-9]. Despite the
surgical advantage of having the operation site fully
exposed and thus increasing the efficiency of the
procedure, open MV repair or replacement carries
increased intraoperative and postoperative risks
especially in elderly patients who have other comorbid

like diabetes and obesity [10-12].

Similarly, there is increased bleeding, the risk for
infection, and disturbed body image due to wound
healing complications like scaring as a result of a large
incision. Moreover, there is an argument about open
surgery being associated with more complications
such as stroke, AF, Ventricular Arrhythmias (VA),
postoperative ischemia and infarction, cardiac arrest,
pleural effusion, pneumonia, thrombocytopenia, need
for prolonged intubation, damage to heart, and lung
tissues and cardiac arrest [3,13-15]. For patients who
might need a reoperation following Mitral Valve Repair

(MVR), it becomes challenging for surgeons due to

dense adhesions following the healing process from
previous surgery with a high risk of damage of the

Fig-1: Open heart surgery for Mitral Valve Repair [19]

Following these shortcomings, there has always
been a search for a better surgical approach in the
management of DMVD. One of the outcomes of such
inquest was realized in the mid-1990s when we had
popularization of the use of Minimally Invasive
Surgical (MIS) procedures in patients with DMVD [20-
23]. MIS involves two techniques: non-robotic or
thoracoscopic and robotic. In the first approach, a
small incision (2-4-inches) is made on the patient's
chest and the surgeon accesses the targeted organ by
inserting a small long flexible tube fitted with a video
camera- thoracoscope- to the operation site. The
surgeon then repairs the defect with long instruments
inserted through the tube [3,24,25].

In the second technique, the surgeon works
remotely on the heart using robotic arms rather than
physical hands. The surgeon observes the heart on a
high-definition 3D video on a monitor and does the
operation by manipulating the robotic arms as what
he/she would have done using hands in open surgery
[26-27]. Usually, we have a team of other doctors,
nurses, and anesthesiologists at the patient’s bedside
for changing the surgical equipment, monitoring
patient progress amongst other tasks. The surgical

setting in MIS isin a way that can allow open surgery
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just in case MIS hits obstacles or goes wrong [3,28-29]
(Fig-2).

Fig-2: Minimally invasive repair of Mitral Valve in

progress [30]

Even though MIS takes a long time especially in the
planning and arranging the surgical apparatus and
machines and at the same time requires highly
expertise training and experience [29-30], some
studies have linked MIS to many advantages over
conventional open surgeries. They argue that MIS has
less loss of blood, low risk for infection, reduced
trauma, short hospitalization days, smaller scars, and
has high precision especially with the advent in
technology enabling machine involvement [26,31-32].
However, inadequate comparable data between
Minimally Invasive Mitral Valve Repair (MIMVR) with
conventional repair and low clinical evidence has
clouded the adoption and roll-out of MIMVR as the
golden surgical intervention in DMVD [20,33-34]. As
well, there is no consensus as to whether MIS affects
the prevention of reoperations and prevention of
postoperative complications over open surgeries [35].
This study aims at building strong clinical evidence by
comparing MIS versus sternotomy in terms of costs,

clinical and surgical outcomes.

Methods
Database Searches:

The study applied systematic meta-analysis to
review and analyze research studies on the topic.
MEDLINE, PubMed, Science Direct, and Google Scholar
databases were searched using a systematic
computerized literature search system for various
peer-reviewed studies comparing clinical outcomes
and costs of MIS versus sternotomy published from

2013 to 2020 in English.

The search was done by combining various
keywords as well as medical subheadings (Mesh
terms). The keywords used in the search included:
“minimally invasive surg*”, “open surg*”, “open heart
surg*”, and degenerative mitral valve disease. On the
other hand, the Mesh terms used were: minimally
invasive surgical procedures, thoracic surgery, and
mitral valve prolapse syndrome.

The comparable outcomes used in the search

included: clinical outcomes, echocardiographic
outcomes, hospitalization stay, intubation duration,
postoperative complications, stroke, atrial fibrillation,
mortality and morbidity,
blood

cross-clamp, re-

myocardial infection,

ambulation, bleeding time, transfusion,

cardiopulmonary bypass time,
operation, operative, and postoperative costs and

postoperative infections [15,20,36,37].

The references to the articles identified were further
searched from the databases to identify more articles
and. The search was limited to only peer-reviewed
articles with full text. The study identified 198 relevant
articles.

Article Screening Methods:

The 198 articles identified were subjected to a
screening process which was done by handpicking one
by one. Those that lacked an abstract; duplicates;
animal subjects; studies with un-matching titles and
premium subscribed full-text access were screened
out. Skimming through titles and abstracts was done
to identify studies that had the keywords identified in

this study. A total of 141 articles were screened out.

Inclusion and Exclusion:

The exclusion criteria included studies with low
clinical evidence for example case reports and letters
were excluded. Consequently, studies with a high
likelihood of selection bias were excluded. For
example, retrospective studies that did not attempt to
do propensity matching to ensure some uniformity in
the two arms; narrative reviews too. Also, studies with
less than 100 sample size were not included. Besides,
those studies whose titles did not match the study
variables and outcome measures were excluded. Time

frames were limited to January 2013 to November
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2020 to get the latest articles.

After this process, 50 articles were excluded.
Therefore, only 7 studies that met the inclusion criteria
were included in this meta-analysis. The studies
included; 2 meta-analyses

and 5 retrospective

institutional and regional reviews.

Results

Minimally Invasive Surgery (MIS) Versus
Conventional Surgeries in DMVD management in
terms of clinical and time-related outcomes:

Due to inadequate data to compare short term, mid-
term-long-term outcomes and costs between MIS and
conventional surgeries, studies have been conducted to
fill this gap to provide strong clinical evidence about
the benefits that MIS has over open surgery while

maintaining similar or better clinical outcomes.

Caoetal. (2013) [20] carried out a desk-review

meta-analysis study to compare clinical outcomes of
MIMVR versus convention MVR in 1,940 DMVD
patients. The study included 7 studies (1- Randomized
Clinical Trial (RCT) and 6 retrospective studies)
searched from electronic databases from January 1995
to July 2013 meeting a certain inclusion criterion. The
study measurement indicators included: incidence of
stroke, renal failure, AF, wound infection, Myocardial
Infarction (MI); cross-clamp and cardiopulmonary
bypass time; mortality rate; readmission rates within
30 days; duration in Intensive Care Unit (ICU) and
hospitalization and echocardiographic outcomes in
terms of severity of Mitral Regurgitation (MR). The
953 patients who had undergone MIMVR had longer
cross-clamp and cardiopulmonary bypass time
compared to the 1,011 who had undergone sternotomy.
Likewise, the MIVR group spent less duration in the
ICU but there were no significant differences in overall

hospitalization duration in both groups.

Contrary to findings that MIS has better clinical

Table-1: Showing Perioperative clinical and time-related outcomes of patients who underwent mitral
valve repair through a minimally invasive thoracotomy versus conventional sternotomy approach [20]
Included . ..
Outcomes . Sample size Overall statistics
studies
No. of Relative Risk I"2
Clinical outcomes . MIMVR (n Sternotomy (n P- value
ticat oute studies () y () (95% CI) vatu (%)
Mortality 7 952 1,011 1.23 (0.22-6.88) 0.81 o)
Cerebrovascular
accidents* 6 906 929 1.43 (0.74-2.76) 0.29 0
Renal failure 3 284 305 0.96 (0.31-3.00) 0.95 o)
Wound infection 4 634 670 2.97 (0.47-18.87) 0.25 29
Reoperation for bleeding 848 896 1.25 (0.60-2.62) 0.55 35
Aortic dissection 4 688 724 4.84 (0.55-42.43) 0.15 0
Myocardial infarction 3 284 305 1.15 (0.24-5.64) 0.86 o)
Readmission within 30 2 308 315 0.61 (0.31-1.21) 0.16 [¢)
days
Standard mean
Time-related No. of I*2
. MIMVR (n) | Sternotomy (n) difference P- value
outcomes studies (%)
(95% CI)
Cross-clamp time 6 852 911 1.47 (0.52-2.42) 0.003 99
CPB time 6 952 1,011 1.46 (0.40-2.51) 0.007 99
ICU stay 2 247 247 -0.77 (-1.36-0.17) 0.01 88
Length of hospitalization 4 658 694 -0.24 (-0.65-0.18) 0.26 92
MIMVR - Minimally Invasive Mitral Valve Repair; CI- Confidence Interval; * - Includes Stroke with or without Transient
Ischemic Attack; CPB -Cardiopulmonary Bypass; ICU- Intensive Care Unit
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outcomes [38-43], this study revealed that there were
no significant statistical differences in clinical
outcomes in terms of mortality, stroke, renal failure,
wound infections, bleeding, aortic dissection, MI, AF,
and readmission within 30 days. There was very low-
quality evidence in comparing pain thresholds between
the two groups since Cao etal. reviewed only one
study that revealed less pain was reported in the MIS
group. Besides, both approaches had satisfactory
results in that; the incidence of moderate/severe MR
decreased from 98.7% to 0.1% in MIS and 98.4% to
0.3% in the sternotomy group. Table-1 describes the
summarized outcomes of the two approaches from the

studies investigated.

Qiu et al. (2018) [36] conquered with the findings of
Cao et al. in their institutional retrospective review
that involved 330 patients who had underwent MVR
between January 2011 to January 2017 when they
found out that: MIS had longer cross-clamp time,
cardiopulmonary bypass time and required less time
on ventilation compared to sternotomy. They further
agreed with the previous study that there was no
significant difference in major complications like
stroke and AF; 30-day mortality and morbidity; and
long-term survival between the two groups.

However, unlike Cao et al., Qiu et al. found statistical

differences in the MIS and sternotomy patients in
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of chest tube that
postoperative bleeding which was more in the

terms drainage connotes
sternotomy group. Hence, the blood transfusion rate
was at 15.7% compared to sternotomy- 40.6%. Again
the complete sternotomy patients had six sternal
wound infections compared to none in the counterpart
group. Therefore, they concluded that full sternotomy
was an isolated risk factor for the increased need for
blood

secondary to bleeding, and longer durations on

postoperative transfusion,  re-operation
ventilation support (p<o0.05). These findings are
similar to findings in other studies that compared
MIMVR with open surgery [39,44-47]. The findings of

Qiu et al. (2018) are shown in Fig-3 and Fig-4.

The aim of the multicentre study by Grant S.W. et al.
(2018) [38] was to compare the short-term and mid-
term outcomes between MIS and sternotomy as
approaches used in MV surgery. The study analyzed
data of 2,404 patients of whom 1,757 had undergone
sternotomy and 647 MV repaired through MIS
between January 2008 and December 2016 in UK
hospitals. Their findings were not very different from
the other two previous studies analyzed here; in that
MIS group had longer procedural time, lesser need for
blood transfusion, and reduced postoperative hospital
stay compared to the sternotomy patients. Of note is
that re-intervention-free survival at 8 years had no

significant statistical differences in the two sides.

a1 MIMVS growp

J1 Sternotomy group

o

10 20

Suwrvival time (Months)

I 4o =0

b 70

Fig-3: Kaplan-Meier estimate of freedom from mitral valve-related morbidity of patients with either a right

minithoracotomy (green line) or a median sternotomy (blue line) [36]
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Fig-4: Kaplan-Meier analysis of long term survival for patients after undergoing mitral valve surgeries [36]

Table-2: Showing operative details and outcomes for propensity-matched groups [48]

Operative outcomes Conventional Sternotomy n=355 Mini-MVR n=355 | P-value
Concomitant atrial fibrillation procedure 128 (36%) 66 (18.6%) <0.001
Mitral repair 258 (72.7%) 295 (83.1%) <0.001
Femoral arterial cannulation 39 (11%) 331 (93%) <0.001
Cardiopulmonary bypass** 112 [90, 153] 137 [116, 168] <0.001
Cross-clamp time (min)** 75 [63,104] 107.5 [83,125] <0.001
Operative mortality 4 (1.1%) 4 (1.1%) 1
Stroke 3 (0.9%) 3 (0.9%) 1
Renal Failure 2 (0.6%) 4 (1.1%) 0.41
Prolonged ventilation 15 (4.2%) 25 (7%) 0.1
;Fsgiis)isfoperauVe ventilation time 5236, 6] 4.2 3.2, 6.4] 0.003
Deep sternal wound infection 0 (0%) 0 (0%) 1
Reoperation 12 (3.4%) 15 (4.2%) 0.56
Atrial fibrillation 65(18.3%) 55 (15.5%) 0.32
Any postoperative transfusion 99 (28%) 41 (11.6%) <0.001
RBC units* 0.69+/-2.4 0.27+/-1.2 0.004
Blood product units (total)* 1.41 +/-5.4 0.55 +/- 2.3 0.006
ICU length of stay (hours)** 29.3[23,70] 24[10.9,47] 0.006
Postoperative length of stay (days)** 5 [4,8] 4 [3,6] <0.001

**Expressed as median [Interquartile range]: * Expressed as mean+/- SD
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Minimally Invasive Surgery (MIS) Versus variables and found out that: while MIMVR patients

Conventional Surgeries in DMVD Management in
terms of Cost of Care:

There are varying critics about MIS adding
additional benefits
conventional sternotomy in MVR. Downs E.A., et al.

costs without clear over
(2016) [48] conducted a retrospective study to
determine whether MIS provides excellent outcomes
without necessarily increasing the costs of MVR in
DMVD patients. They extracted regional data of MVR
surgeries from 14 cardiac centers from 1" January 2011

to 30th June 2014. After propensity-matching, the study

required shorter ICU duration, length in hospital, and
fewer blood requirements; this group had the same
mortality, morbidity and other complications as

sternotomy patients as shown in Table-2.

This is in agreement with prior studies done
comparing outcomes in these two groups [49,50].
However, unlike the hypothesis that MIS costs of care
are higher than sternotomy, Downs E.A,, et al. (2016)
findings disputed this as total hospital costs were
relatively similar in both groups as shown in Fig-5.

included 355 patients who had undergone MIMVR and

a similar number got their MVR through sternotomy Related observations were noted by Atluri P., et al.

(2016) [51], who reviewed a total of 159 patients of

while excluding 594. These investigators used

whom 68 had been managed by sternotomy and 91
MVR thorough MIMVR. Investigators found out that

Pearson’s chi-squared or Fisher’s tests and the
student’s t-test or Wilcoxon rank-sum test to analyze

Median total hospital cost

50000~

40000- $38,133

$34,857
30000+

Cost ($)

20000~

10000+

0-
Conventional sternotomy Mini-MVR

Fig-5: Shows Median total hospital costs for conventional sternotomy versus mini-MVR [48]

m Total Costs
m Peri-operative Costs

Costs ($)

® Post-operative Costs

Minimally Invassive

Standard

Fig-6: Showing the Cost associated with standard sternotomy and minimally invasive mitral valve repair [51]
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Table-3: Showing Postoperative outcomes after mitral valve repair, stratified
by operative approach [51]

Postoperative Outcomes Minimally Invasive Sternotomy P-Value
Re-exploration for bleeding (%) o 0 >.999
Wound infection 0 1 (1.5%) >.999
Stroke 1 (1.1%) 1 (1.5%) >.999
Renal failure o o) >.999
Aortic dissection o o >.999
Ventilatory support>24 h 5 (5.5%) 6 (8.2%) 0.5
Postoperative atrial fibrillation 26 (28.6%) 29 (42.6%) 0.2
ICU stay (d, mean and IQR) 1(1-2) 1.5 (1-3) 0.05
Hospital stay (d, mean and IQR) 6 (5-7) 7 (6-7) 0.005
Readmission at 30 d 3(3.2%) 4 (5.5%) 0.3
Mortality at 30 d 0 0 >.999

Data Represent Number and Percentage PF Patients Unless Otherwise Specified; ICU- Intensive Care Unit; IQR-

Interquartile Range
Table-4: Showing matched operative outcomes [52]

Operative Outcomes Mini (n =74) Conventional (n=74 P-value
Operative mortality o (0%) 1 (1.4%) 0.316
Major morbidity 7(9.5%) 8 (10.8%) 0.782
Permanent stroke 1 (1.4%) 0 (0%) 0.316
Cardiac arrest o (0%) 1 (1.4%) 0.316
Atrial fibrillation 15 (20.3%) 17 (23.0%) 0.67
Pneumonia 1 (1.4%) 2 (2.7%) 0.564
Prolonged ventilation 4 (5.4%) 6 (8.1%) 0.48
Renal failure requiring dialysis 1 (1.4%) 1 (1.4%) 1
Renal failure 1 (1.4%) 2 (2.7%) 0.564
Deep sternal wound infection o o -
Transfusion 8 (10.8%) 20 (27.0%) 0.014
Transfusion (pRBC) 6 (8.1%) 12 (16.2%) 0.134
Reoperation for any reason 4 (5.4%) 4 (5.4%) 1
Reoperation for bleeding 2 (2.7%) 1 (1.4%) 0.564
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although operative costs for MIS are higher compared
to sternotomy; there is associated low duration of ICU
admissions, hospital stay, and use of blood products
which
approach as shown in Fig-6.

in turn balances costs with sternotomy

The clinical outcomes were relatively equal in both
groups. Thus MIS offers the advantage of less time in
ICU, intubation, low transfusion frequencies, and
shorter hospitalization at a relatively similar cost with
good clinical outcomes as a sternotomy as shown in
Table-3.

Comparable latest findings were publicized by
Hawkins R.B., et al. (2018) [52] when they reviewed
MVR surgical records of an institution from 2011 to
2016. They settled on 148 records after propensity-

outcomes were measured against resource utilization
and cost; discharge to a facility, and rates of
readmissions in the 74 MIMVR patients and 74
sternotomies. They established that there was no
significant difference in major morbidity rates, clinical
outcomes, postoperative complications, and rate of
readmissions as shown in Table-4.

The surgical and implant costs were higher in MIS
patients but this was offset by less need of a
transfusion, shorter ICU, and hospitalization durations
postoperatively compared to sternotomy clients.

Therefore, cumulatively, there were insignificant

differences in costs in the duo as shown in Fig-7.

These findings tally with other researchers who
concluded that MIS incurs similar costs as sternotomy

matching using preoperative variables. Then, in MVR [53-55].
Cost distribution
$600,000- -
-— -
8 $400,000-
L
©
—
[ =
3
- $200,000- -
= : :
— =- ~. .= -.... gl
$0—1 - . ® & ® ® & & & ® ® & S S S S "SSP
Mini-MVR Conventional

Fig-7: Showing the total hospital costs by approach with median and interquartile range [52]

Minimally Invasive Surgery (MIS)
Conventional Surgeries in Reoperations following
initial MVR by Sternotomy:

Following MVR by either MIS or sternotomy, 7%

versus

and 11% of the patients would require re-operation for
MVR of MR at 5 and 10 years respectively [56,57].
However, these second operations can be very
challenging if the sternotomy approach was used in the
initial surgery because of the dense adhesions
following and other

scarring wound healing

complications. Subsequently, there is an increased risk
to underlying vascular structures that often lead to
increased mortality especially is the surgeon chooses to
do sternotomy again in the second operation of the MV
[58-60].

Daemen J.H.T., et al. (2018) [58] carried out a meta-
analysis of 6 retrospective studies to quantify the
effects of right mini-thoracotomy versus median

sternotomy for re-operation of MVR in patients with
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DMVD who had undergone their initial operation with
sternotomy approach. Results of this study that
included 777 patients indicated reduced mortality rate,
length of hospitalization, and rates of re-operation due
to bleeding in right minithoracotomy group as
compared to median sternotomy patients. Incidence of
other complications like stroke had insignificant
differences between the two groups. They concluded
that MIS is a safer option to median sternotomy in
subsequent operations following sternotomy surgery
to repair MV. Like findings were also documented by
another study [61].

Discussion

This study aimed at comparing the outcomes and
costs of conducting MIS versus conventional open
surgery in DMVD patients. MIS has been around for
some decades yet despite reported promising results
from some institutions, it has not been so much
popularised as a preferred surgical approach over the
convention [62,63]. Approximately a quarter of MVR
surgeries are through MIS yet it isn’t because of poor
outcomes.

Regardless of the MIS approach used, MIS has been
associated with shorter hospitalization and ICU stay,
reduced bleeding, early ambulation, early return to
activities of daily living, lower blood transfusion
requirements, cosmetics, and shorter
intubation period. Indeed, three studies here that

include one meta-analysis and two retrospective

improved

observational reviews involving 4,698 subjects

revealed so [20,36,38].

Contrary to the proponents that MIS is associated
with better clinical outcomes with fewer complications,
this literature review revealed otherwise. Conventional
MVR and MIMVR have relatively similar satisfactory
clinical outcomes and decrease the incidence of

severe/moderate MR to below 1% [20,36].

From the 3 reviews, the incidence of complications
such as AF, MI, cardiac arrest, pneumonia, renal
failure, major morbidities, mortality rate, and re-
operation due to bleeding was analogous in both
groups. However, postoperative wound infections and

wound healing complications such as scarring were

noted in the sternotomy patients [38]. This is logical as
MIS incisions are smaller. In the follow-up, it was
reported that the incidence of reoperations, short-term
(30 days), mid-term and long-term clinical and
echocardiographic had
differences in the two sides [38]. The findings of this
study are contrary to the findings of [64-66] that
concluded that MIS results
compared to open MVR.

outcomes insignificant

in inferior outcomes

On the other hand, this study revealed that MIS has
associated longer cross-clamp and cardiopulmonary
bypass time; requires high expertise, and is only
feasible in institutions that have more resources
[20,36]. This partly explains why it has not been
adopted widely. The costs of up-skilling nurses and
surgeons; the high cost of video-assistive or robots;
additional operation time and space are a major issue
that requires more comprehensive review [49,67].

Three studies compared the outcomes and costs of
MIS versus sternotomy. All these studies were
retrospective observational reviews involving 1,070
subjects. The study revealed that operative costs are
high in MIS but associated lower costs of postoperative
care compared to sternotomy. Operative costs for MIS
were higher due to the duration of the operation,
expertise involved, and surgical props and robotics
that are expensive equipment. In contrast, during the
postoperative period, patients who undergo MIS spent
less time in the ICU and overall hospital stay. Besides,
ventilator-dependent care duration is less. Because
MIS involves less blood loss, there is associated low
incidents of blood transfusion, and where blood
transfusion is indicated, patients require fewer pints

compared to sternotomy [48,52,62].

Cumulatively, the higher operative costs involved in
conducting MIS and higher postoperative costs in
sternotomy balance the costs. The clinical outcomes
were similar in both MIS and sternotomy. Therefore,
MIS offers more benefits over conventional surgery
while maintaining as good clinical outcomes. However,
cost measures did not include the cost of special
training of health care workers and major hospital
infrastructures like computerized machinery and
robots [48]. This can affect the adoption of MIS hence
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a call for comparable studies considering all costs
associated with MIS for facilities.

Recurrence of MR following MVR is the most
common problem with about a 10" of the patients
requiring reoperations [56]. This study reports that in
cases where the initial surgery was sternotomy, then
re-operation using the same approach possess
challenges to surgeons and increases risks for vascular
damages because of dense adhesions and scarring
from previous scar [62]. An alternative to this is the
use of MIS in pre-operating DMVD patients previously
operated using sternotomy as it offers good clinical
outcomes as revealed by this study [58,61]. Given that
future re-operations are inevitable in some patients
with DMVD, this study recommends the use of MIS
during initial and subsequent MVR in these patients.

However, the generativity of the findings in this
study should be done carefully because of the study

limitations. First, all the studies but for one RCT in one
of the meta-analysis studies used were retrospective
observational reviews prone to selection bias. Even
though propensity- matching analysis was used in
some studies, generally, it was challenging to attain
uniform patient characteristics in the two arms.
Therefore, Randomized Clinical Trials (RCT) are called
for. Second, the small sample size (4,698 subjects)
used in this study can affect its application in a general
population hence recommendations for comparable
studies with a huge sample. Also, the definition of
terms varied among the studies used. For example,
stroke in Cao et al. (2013) involved a cardiovascular
accident and transient ischemic attacks while stroke
was defined as a cardiovascular accident in Qiu et al.
(2018) which might have affected the study findings.

Meta-Analysis Table
Table-5 is constructed to highlight the main
contents of this literature review based on a thorough

Table-5: Constructed to highlight the main contents of this literature review based on a thorough
analysis of all the primary research, studies and data involved
. . Sample .
Author Title Design size Relevance to the Topic
The study compared clinical outcomes and
echocardiographic outcomes between MIS and
A meta-analysis of A meta-analysis of conventional open sgrgery. The — study
.. . . . concluded that MIS requires more cross-clamp
minimally invasive 7 studies (1-RCT . .
. . and cardiopulmonary bypass time. MIS had the
Cao et al. mitral valve repair and 6 . .
. . . 1,940 advantage of shorter ICU and intubation
(2013) [20] for patients with retrospective . e
. . . duration but no effect on overall hospitalization
degenerative mitral | observational . . . .
. . duration. The clinical and echocardiographic
valve disease reviews e
outcomes were similar in MIS and sternotomy.
There was weak evidence on the measurement
of pain threshold in this study.
Does full The study compared MIS with sternotomy in
sternotomy have a terms of cross-clamp time, cardiopulmonary
more significant . bypass time, bleeding, ventilation time and
. K Retrospective . .. .
Qiu et al. impact than the . postoperative complications. Cardiopulmonary
. observational 330 . .
(2018) [36] cardiopulmonary review bypass and cross-clamp time were more in MIS.
bypass time in MIS group had less ventilation duration, fewer
patients of mitral wound infections, reduced bleeding and need
valve surgery? for blood transfusion compares to sternotomy.
Prope1.151ty-matched Short-term and mid-term outcomes of MIS
analysis of
. . . . . versus sternotomy were compared here. MIS
Grant S.W. minimally invasive Retrospective L
. group had longer operation time, reduced blood
et al. (2018) approach versus observational 2,404 . .
[38] sternotomy for review need and shorter postoperative hospital stay.
3 . Y Short-term and mid-term clinical outcomes had
mitral valve . . .
insignificant differences in both groups.
surgery.
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Minimally invasive
mitral valve surgery

Compared the clinical outcomes and costs
between MIS and sternotomy. MIS patients had

Downs E.A., rovides excellent Retrospective .. e
P . P . shorter ICU admission and hospitalization that
et al. (2016) outcomes without observational 710 ..
. . sternotomy. The clinical outcomes,
[48] increased cost: A review .. e e
AR complications and costs had insignificant
multi-institutional .
] differences between the groups.
analysis.
Minimally invasive The study compared operative and
mitral valve surgery postoperative costs of MIS compared to
is associated with sternotomy. It revealed that although MIS
Atluri P, et equivalent costand | Retrospective operative costs are higher, this is balanced by
al. (2016) shorter hospital observational 159 shorter duration in ICU, shorter hospitalization
[51] stay when review periods and less need for blood products. The
compared to clinical outcomes and complications had no
traditional significant variations between MIS and
sternotomy. sternotomy.
They compared mortality and morbidity rates,
clinical outcomes, other complications and
Minimally invasive resource  utilization between MIS and
. mitral valve surger . in mi i i
Hawkins : . 'g Y| Retr ospective sternotomy in mitral valve disease patients.
is associated with .
R.B., et al. observational 148 e
excellent resource . They concluded that there were no significant
(2018) [52] e . review . . . . .
utilization, cost and variations in clinical outcomes, mortality and
outcomes. morbidity rates, the incidence of complications
and resource utilization between MIS and
sternotomy.
Richt The study quantified the effects of using right
g . minithoracotomy versus sternotomy on re-
minithoracotomy . . . . .
. A systematic operating mitral valve disease patients whose
versus median . e
meta-analysis of 6 initial surgery was through a sternotomy
Daemen sternotomy for re- . .
. . studies (all approach. Reduced mortality rate, length of
J.H.T, et al. operative mitral . 777 R .
Retrospective hospitalization and rates of re-operation due to
(2018) [58] valve surgery: A . . . . .
: . observational bleeding was observed in minithoracotomy
systematic review . . . s -
reviews) patients. Incidence of other complications like
and a meta- . AP
. stroke and AF were relatively similar in both
analysis.

approaches.

analysis of all the primary research, studies, and data

involved.

Conclusion and Recommendations

This study compared the outcomes and costs of MIS
versus convention surgery in patients with DMVD
undergoing MVR. The study revealed that MIS has
similar outcomes to sternotomy but with an added
blood

transfusion rates, reduced hospital and ICU stay, early

advantage of reduced bleeding, lower
ambulation and return to activities of daily living,
fewer wound infections, and decreased need for
prolonged intubation. Contrariwise, MIS has a long
cross-clamp and cardiopulmonary bypass time and
The

echocardiographic outcomes and costs involved in both

thus overall operation duration is longer.

surgeries are relatively equal. Therefore, the study
recommends MIS over conventional surgery in initial
and subsequent MVR in patients with DMVD. A more
in-depth comprehensive cost analysis between MIS
and sternotomy is encouraged before the adoption of

MIS on wide scales.
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