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Ministernotomy versus conventional sternotomy for aortic valve
replacement: A systematic review and meta-analysis

Morgan L. Brown, MD, Stephen H. McKellar, MD, Thoralf M. Sundt, MD, and Hartzell V. Schaff, MD

Objective: Most aortic valve replacements are by conventional full median sternotomy. Less invasive
approaches have been developed with partial upper sternotomy (ministernotomy).

Methods: Systematic review and meta-analysis were performed with studies comparing ministernotomy and full
sternotomy for aortic valve replacement.

Results: Twenty-six studies were selected, with 4586 patients with aortic valve replacement (2054 ministernot-
omy, 2532 full sternotomy). There was no difference in mortality (odds ratio 0.71, 95% confidence interval 0.49—
1.02). Ministernotomy had longer crossclamp and bypass times (weighted mean difference 7.90 minutes, 95%
confidence interval 3.50—10.29 minutes, and 11.46 minutes, 95% confidence interval 5.26—17.65 minutes, re-
spectively). Both intensive care unit and hospital stays were shorter with ministernotomy (weighted mean differ-
ence—0.46 days, 95% confidence interval —0.72 to—0.20 days, and—0.91 days, 95% confidence interval —1.45 to
—0.37 days, respectively). Ministernotomy had shorter ventilation time and less blood loss within 24 hours
(weighted mean difference —2.1 hours, 95% confidence interval —2.95 to —1.30 hours, and —79 mL, 95% confi-
dence interval 23 to 136 mL, respectively). Randomized studies tended to demonstrate no difference between
ministernotomy and full sternotomy. Rate of conversion from partial to conventional sternotomy was 3.0%
(95% confidence interval 1.8%—.4%).

Conclusion: Ministernotomy can be performed safely for aortic valve replacement, without increased risk of
death or other major complication; however, few objective advantages have been shown. Surgeons must conduct
well-designed, prospective studies of relevant, consistent clinical outcomes to determine the role of ministernot-
omy in cardiac surgery.

stays. This may be due to maintenance of the integrity of
the chest wall."*> Our objective was to perform a systematic
review and meta-analysis of studies comparing AVR
through a ministernotomy and a full median sternotomy
approaches.

“® Supplemental material is available online.

Most aortic valve replacements (AVR) are generally per-
formed through a conventional full median sternotomy.
There have been many attempts, however, to make the pro-
cedure less invasive by reducing incision size and keeping
a portion of the sternum intact. Techniques include partial

MATERIALS AND METHODS

Searching for Studies

Only published articles were selected for inclusion. Medline (1950 week
2 to January 22, 2007), Embase (1988 to week 3 2007), the Cochrane Con-
trolled Clinical Trials Register (through fourth quarter 2006), and PubMed

upper and lower sternotomies, small anterolateral thoracoto-
mies, parasternal incisions, and transverse sternotomies. The
most common minimally invasive approach is a partial up-
per sternotomy (ministernotomy).

Through a ministernotomy approach, skin incisions are
shorter, arguably improving cosmetic results.'” Addition-
ally, it has been argued that despite lengthier operations
with a ministernotomy approach, patients have improved
outcomes, including less bleeding, reduced ventilation
time, and reduced intensive care unit (ICU) and hospital
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(through January 22, 2007) databases were searched. Two themes were de-
veloped and combined with the Boolean operator ‘‘and.’’ The first term was
aortic valve or aorta valve, with both exploded medical subject headings
and keyword search for either term. The second term was surgical proce-
dure, minimally invasive (MeSH term) and the keyword minimally invasive.
Bibliographies were searched manually.

Inclusion and Exclusion Criteria

Both randomized trials and observational studies of patients undergoing
AVR through a ministernotomy versus a full sternotomy were included.
All languages were included. Studies were excluded for the following rea-
sons: (1) More than 50% of patients underwent an incision other than
a ministernotomy, such as a transverse sternotomy, thoracotomy, or mini-
thoracotomy. (2) More than 50% of patients underwent aortic root or as-
cending aortic surgery. (3) There was failure to discriminate outcomes
specific to aortic valves. (4) There was failure to provide comparisons be-
tween patients with full sternotomies and ministernotomies. Studies were
limited to those involving human subjects. Two individuals (M.L.B. and
S.H.M.) reviewed each full article for inclusion and exclusion criteria (Fig-
ure 1). A k of 0.93 was calculated, and disagreements were resolved by
consensus.
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Abbreviations and Acronyms
AVR = aortic valve replacement
CI = confidence interval
ICU = intensive care unit
OR = odds ratio
WMD = weighted mean difference

Quality

All studies were assessed for quality by examining each of the following
characteristics: representative nature of general population, secure ascer-
tainment, comparability (attempts to adjust for patient characteristics),
and adequate assessment of outcomes.

Data Extraction

A total of 646 abstracts were reviewed. After elimination of duplicate
studies, case reports, case series, and review articles, 56 full articles were
selected for complete review. A total of 30 studies were removed for
the following reasons: more than 50% of patients with approaches other
than an upper sternotomy (11 reports); lack of a comparative cohort (8
reports); inability to separate aortic valves from other surgery types (5
reports); unavailability of article (2 reports); multiple publications of sin-
gle patient group (2 reports); and aortic root replacements (2 reports;
Figure 1).

Outcomes

Outcomes were assessed with all studies that reported each particular
outcome. The primary outcome was early mortality (within 30 days). Sec-
ondary outcomes included cardiopulmonary bypass time, crossclamp
time, operative time, ventilation time, blood loss within 24 hours, ICU
stay, hospital stay, pain score, cosmesis, and postoperative incidences of
stroke, atrial fibrillation, mediastinitis, and sternal instability. The number
of conversions from a ministernotomy to a full sternotomy was also
recorded.

Ventilation time was recorded according to the authors’ definitions. Vol-
ume of blood was defined as that collected in chest tubes within 24 hours or,
if the duration of collection was not available, the final volume reported by
the authors. ICU and hospital stays were measured from the end of surgery
until ICU or hospital discharge, respectively. Atrial fibrillation and stroke
were defined according to study authors’ definitions. Mediastinitis and ster-
nal instability were recorded according to author criteria both for patients
who required only conservative therapy and for those who required surgical
intervention.

Statistical Analysis

Continuous outcomes were analyzed as weighted mean differences
(WMDs), comparative categoric outcomes were analyzed as odds ratios
(ORs), and noncomparative rates were analyzed as simple proportions.
Pooled effect estimates and heterogeneity between studies were analyzed
by use of RevMan (v4.2; Cochrane Collaboration, Oxford, UK) or Stats-
Direct (StatsDirect Ltd, Altrincham, UK). The pooled proportion was
calculated as the back transformation of the weighted mean of the trans-
formed proportions with a DerSimonian—Laird random effects model. Sta-
tistical significance was ascribed to any confidence interval (CI) that
excluded the possibility of no effect. All tests of statistical significance
were 2-sided. A random effects model was performed a priori for all
outcomes.

Heterogeneity was explored with a priori subgroup analyses comparing
randomized and observational studies. Tests of interaction were per-
formed. When only median values were reported, they were considered

After initial search (n=646)

Studies excluded (n=589)
*Duplicate reports

«Case series, reports, single cohorts
[—— | *No aortic valve replacement

Studies reviewed in

> Studies excluded (n=30)
manuscript form (n=56)

*Not an upper mini sternotomy (11)
*Not a comparative cohort (8)
*Can’t separate aortic valves (5)
*Unable to obtain manuscript (2)
*Duplicate publications (2)

*Aortic root replacement (2)

K=0.93

Studies included in meta-
analysis (n=26)

FIGURE 1. Search strategy results. In total, 28 studies were included in
this review. k, Kappa.

as the mean, and the SDs were calculated from the ranges and P values
reported in the article. Missing data were not imputed in this study.
When there were no events in any arm of a study, a continuity correction
was used.

RESULTS

A total of 26 studies were reviewed (Table 1).>® These
studies included 2054 patients who underwent a partial upper
sternotomy and 2532 patients who underwent a conventional
full sternotomy. There were 4 randomized studies,”*'?*!
although in 1 the surgeons were randomly assigned rather
than the patients.”' None of these studies were blinded. The
remaining 22 studies were retrospective or prospective
observational trials. In only 3 observational studies was an
attempt made to match patients.”'*** Thus in terms of qual-
ity, most studies had potential for or obvious methodologic
limitations. No study reported all outcomes of interest.

Early Mortality

Twenty-four studies reported early mortality.
There was no difference in early mortality between the
two approaches to AVR (Figure 2). The pooled OR was
0.71 (95% CI 0.49-1.02). The 4 randomized trials had
a pooled OR of 0.98 (95% CI 0.26-3.71). Randomized
and observational studies were not found to be significantly
different after testing for interaction (P = .8).

3-16,18-27

Crossclamp, Cardiopulmonary Bypass, and
Operative Times

Both crossclamp and cardiopulmonary bypass times were
slightly longer in the ministernotomy group (Figures 3 and
4). Cardiopulmonary bypass times had a pooled WMD of
11.46 minutes (95% CI 5.26—17.65 minutes), and cross-
clamp times had a WMD of 7.90 minutes (95% CI 3.50—
12.29 minutes). There were no differences on subgroup
analyses (P = .3 for both). Operative time was also signifi-
cantly different between the two surgical approaches (WMD
15.58 minutes, 95% CI 2.70-28.46 minutes; Figure E1). No
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TABLE 1. List of studies included in this review and meta-analysis
Sternotomy Age (y) Sex (% male) Ejection fraction (%)
Study Mini Full
Reference type (No.) (No.) Type Mini Full Mini Full Mini Full Reop CP
Aris,® 1999 R 20 20 ReverseLorC  66.5+ 10 622+ 12 NA NA 623 +11 649 + 13 0 0
Bonacchi,” 2002 R 40 40 ReverseLorC  62.6+9.5 64 + 12.4 NA NA  626+95 64+ 124 0 0
Dogan,]3 2003 R 20 20 Reverse L 65.7+ 1.9 643 +29 22.5 27.5 64 +3 65+ 2 NA NA
Méichler,?! 1999 RS 60 60 L-shaped 65 + 11.7* 65+ 12.5% 583 60 67 + 15.3* 63+ 148% 0 0
Bakir,* 2006 o 232 274 J-shaped 68.7 £9.2 71 £ 10.7 51.7 56.2 NA NA 0 0
Byrme,® 1999 o 20 19 Upper 67+ 16 65+ 14 0 42.1 48 + 15 54+ 14 20,19t 3, 7%
Candaele,” 2003 o 15 16  Upper 70 + 2.8 64 + 4.6% 66.7 56.3 NA NA NA NA
Chang,® 1999 o 18 16 I-shaped 55.1 +£12.2% 562+ 10.7%  61.1 68.8 50+9 5248 0 0
Christiansen,” 1999 o 25 25  J-shaped 64.6 £ 11.2%  66.5 + 9.7* 52 52 563 +£8.93%  56.7 4 10.46* 0 0
Corbi, ' 2003 o 30 70 V-shaped 64.2 + 14.1%  70.96 + 9.8* 66.7 62.9 55+ 7.18f 6536+ 65.1% 0 0
De Smet,'' 2004 o 100 91  J-shaped 69.7+ 122 683 +89 48 58.2 NA NA NA 0
Detter,'? 2002 o 70 70  L-shaped 643+ 1.3 643+ 1.3 57.1 57.1 564+ 113 61.8+9.38 0 0
Doll,'* 2002 o 176 258 JorRT 59 + 14 64 + 15 61.4 62 58 + 18 55 + 20 0 10, 12}
Ehrlich,'> 2000 o 6 21  J-shaped 492 +179  69.1+73 100 47.6 NA NA 0 0
Farhat,'® 2003 o 50 50 RT 63+ 14 67 + 12 60 68 58+ 12 57412 0 0
Imazeki,'” 2006 o 52 8 Upper 593+ 129 597 +6.2 NA NA NA NA NA NA
Lee,'® 2002 o 46 40 RT 50.1 +13.9 489+ 15.1 67.4 65 56 + 15 56+ 12 0 31, 3t
Leshnower,'” 2005 0 22 36 RT (port access) 69 & 10 69 + 14 72.7 52.8 NA NA 0 0
Liu,® 1999 o 86 78  Upper 67 + 13.0% 67+ 11.7% 523 487 NA NA NA 0
Masiello,?? 2002 0o 100 100 Upper 62+ 12 63+8 58 56 NA NA NA 0
Mihaljevic,? 2004 o 526 516  Upper or PS 65 + 17.9% 66+ 19.1% 602 57.9 52 + 17.86% 554 19.13% 12,22t NA
Stamou,?* 2003 o 56 455 LorRT 59 + 5.9% 68 + 5.6v 73.2 55.2 NA NA 0 0
Suenaga,® 2004 o 24 18  Upper 653+ 11.5 683+7.1 75 66.7 63 + 4.1 57+ 13 NA NA
Szwerc,?® 1999 o 50 50 J-shaped 60 +2 63 +2 62 68 523 +22 537+ 19 NA 0
Vanoverbeke,”” 2004 O 174 97  Upper 625+ 11.9 63 4+ 15.2 NA NA NA NA 0 0
Walther,?® 1999 o 36 84  Upper NA NA NA NA NA NA NA NA
Total 2054 2532

All values expressed as mean = SD except as noted. Randomized studies are listed first. Mini, Ministernotomy; Full, full sternotomy; Reop, reoperation; CP, concomitant pro-
cedure(s); R, randomized; NA, not available; RS, randomized assignment of surgeons; O, observational; PS, parasternal; RT, reverse T shape. *Values calculated from median
values and ranges. tNumber in ministernotomy group, number in full sternotomy group.

difference was found in the subgroup analysis between ran-
domized and observational studies.

Ventilation time

There were 17 studies that reported ventilation times.>™
8-10.12-16.18.20-22.24-25 The pooled WMD was —2.13 hours
(95% CI-2.95 to—1.30 hours), indicating somewhat shorter
ventilation times in the ministernotomy group (Figure 5).
Randomized studies had a pooled WMD of —0.96 (95% CI
—1.93 to 0.01 minutes), and observational studies had
a pooled WMD of —2.71 minutes (95% CI —3.80 to —1.62).
A test for interaction of ventilation time in randomized and
nonrandomized subgroups demonstrated a P value of .02.

ICU and Hospital Stays

Eighteen studies reported ICU stay, and
21 reported hospital stay,>11-17:19:20.22-25.2728 1O gtay was
slightly shorter in the partial upper sternotomy group, with
a WMD of —0.46 days (95% CI —0.72 to —0.20 days;
Figure E2), and there was no difference in subgroup analysis
(P >.99). In addition, hospital stay was shorter in the minister-
notomy group in the overall pooled WMD (-0.91 days, 95%
CI—1.45 to —0.37 days; Figure E3). When only randomized

3-5,7-16,19,22,24,25,28
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studies (n = 3) were included, however, there was no signifi-
cant difference between the ministernotomy and full sternot-
omy groups (—0.24 days, 95% CI-0.87 to 0.39).

Blood Loss After Operation

There was somewhat more postoperative bleeding in the
conventional full sternotomy group than in the partial ster-
notomy group, as reported in 17 studies. ¢! 131618
20-22.25.26 The WMD was —79.37 mL (95% CI —135.78 to
—22.96) in favor of the partial upper sternotomy group (Fig-
ure 6). Subgroup analysis showed no difference between
randomized and observational studies (P = .5).

Atrial Fibrillation, Stroke, and Sternal
Complications

Thirteen studies reported incidences of postoperative
atrial ﬁbn’llation,3’6’9’11’14’16’17’21’22’24’26’27 15 reported on
stroke,4’8’“’13 A416.1921-23.2527 and 20 reported on sternal
complications, including infection and dehiscence.”®
8-14.16.18.19.21.22.23.25-27 The OR for postoperative atrial fibril-
lation was 0.87 (95% CI 0.64—1.20; Figure E4), showing no
difference between surgical approaches. Subgroups did not
demonstrate any significant differences on tests of interaction
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Dogan 1.000 (0.000, 39.000)
Bonacchi 0.487 (0.008, 9.806)
Aris 1.000 (0.066, 15.207)
Machler 3.051 (0.188, infinity)
-/
combined randomized —‘ 0.977 (0.257, 3.709)
Chang 0.889 (0.000, 34.784)
Farhat 1.000 (0.012, 80.079)
Doll —— 0.285 (0.083, 0.785)
Lee 0.867 (0.011, 69.755)
Ehrlich 3.500 (0.000, 129.000)
Candaele 1.067 (0.000, 41.516)
Bakir —a— 0.580 (0.176, 1.703)
Vanoverbeke —l—— 0.688 (0.144, 3.559)
Mihaljevic —.— 0.839 (0.351, 1.976)
De Smet = 1.222 (0.200, 8.568)
Suenaga 0.750 (0.000, 29.449)
Corbi 0.244 (0.000, 2.501)
Stamou — 0.974 (0.182, 3.359)
Masiello 2.020 (0.103, 120.382)
Detter 0.194 (0.000, 2.399)
Liu 0.905 (0.064, 12.772)
Szwerc 1.000 (0.012, 80.079)
Christiansen 1.000 (0.000, 39.000)
Byrne 0.950 (0.000, 37.098)
Leshnower 0.530 (0.000, 8.663)
Combined observational —’ 0.690 (0.47, 1.01)
Combined all studies ’ 0.708 (0.491, 1.023)
1>= 0% (95% CI = 0% to 39%)

0.001 0.01

+—t t
0102 051 2

1
5 10 100 1000

odds ratio (95% confidence interval)

FIGURE 2. Mortality 30 days after operation. This figure demonstrates pooled estimates for 30-day mortality. Estimates less than 1 indicate lower estimated
early mortality with ministernotomy approach. This is divided into randomized and observational studies. CI, Confidence interval.

(P =.8). There were also no difference in postoperative stroke
(OR 0.91, 95% CI10.60—1.39) and sternal complications (OR
0.86, 95% CI 0.49-1.49; Figures E5 and 7).

Pain Scores

Only 7 studies reported pain scores early after sur-
gery. > 8131828 The pooled WMD was —1.67 (95% CI
—3.01 to—0.33), indicating less pain with the ministernotomy
approach (Figure 8). There was no differences between ran-
domized and nonrandomized studies (P = .1).

The Journal of Thoracic and Cardiovascular Surgery * Volume 137, Number 3

Cosmesis

Cosmesis was only quantitatively reported in 4 stud-
ies.*® 1218 It was not possible to pool results of cosmesis be-
cause of variation of scales including ‘‘horrible to
wonderful,”’® ““all patients were satisfied,””® “‘very unsatis-
fied to very satisfied,””'? and a visual scale.'®

Rate of Conversion
The rate of conversion from partial sternotomy to conven-
tional sternotomy was 3.0% (95% CI1.8%—4.0%; Figure 9).
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Study WMD (random) Weight WMD (random)
95% CI % 95% CI

Randomized
Aris — 3.95 19.00 [8.91, 29.09]
Machler - 4.41 3.00 [-4.17, 10.17]
Bonacchi -+ 4.71 -0.70 [-5.55, 4.15]
Dogan + 4.80 1.00 [-2.94, 4.94]
Subtotal (95% Cl) b 17.87 4.18 [-1.89, 10.24]
Observational
Byrne S p 1.86 1.00 [-24.49, 26.49]
Chang = 4.75 25.00 [20.57, 29.43]
Christiansen —-— 4.79 31.00 [26.91, 35.09]
Liu = 4.70 -1.30 [-6.19, 3.59]
Szwerc 4.99 0.00 [-0.86, 0.86]
Ehrlich Fe— 3.97 7.90 [-2.08, 17.88]
Detter = 4.63 13.00 [7.51, 18.49]
Doll = 4.77 5.00 [0.71, 9.29]
Lee E—— 3.35 34.00 [20.25, 47.75]
Masiello - 4.78 13.60 [9.37, 17.83]
Corbi — 4.30 5.33 [-2.58, 13.24]
Farhat - 4.69 17.00 [12.00, 22.00]
Stamou = 4.94 14.00 [11.91, 16.09]
De Smet -+ 4.74 0.00 [-4.54, 4.54]
Mihaljevic —-— 4.03 -14.00 [-23.59, -4.54]
Suenega —— 3.72 2.00 [-9.49, 13.49]
Vanoverbeke = 4.80 -1.60 [-5.56, 2.36]
Leshnower _ 3.41 19.00 [5.60, 32.40]
Bakir = 4.89 -7.70 [-10.60, -4.80]
Subtotal (95% Cl) ¢ 83.12 8.53 [3.43, 13.63]
Total (95% ClI) ¢ 100.00 7.90 [3.50, 12.29]
Test for heterogeneity: ChiZ = 606.63, df = 22 (P < 0.00001), I = 96.4%
Test for overall effect: Z = 3.53 (P = 0.0004)

-100 -50 0 50 100

Favours MINI Favours FULL

FIGURE 3. Crossclamp time (in minutes). This figure demonstrates pooled estimates for crossclamp time. Estimates greater than 1 indicate shorter cross-

clamp time with full sternotomy approach (FULL). This is divided into randomized and observational studies. WMD, weighted mean difference; CI, confi-

dence interval; df, degrees of freedom; MINI, ministernotomy.

Only 17 studies reported incidences of conversions, and most
did not discuss the results of these converted operations.

DISCUSSION

This meta-analysis combined 2054 patients who under-
went AVR through a partial upper sternotomy compared
with 2532 patients with a full sternotomy. The results of
this meta-analysis must be interpreted with some caution,
however, because of significant concerns regarding the qual-
ity of most of the studies reviewed. There were only 4 ran-
domized studies, and none were blinded.>> 132! Further,
many of the retrospective studies used historical controls
or did not attempt to adjust for intrinsic differences related
to selection bias by the operating surgeon. This demonstrates
the need for surgeons to improve study quality so that accu-
rate and precise outcomes for these and other important clin-
ical questions can be determined. The limitations of the
original studies resulted in a large amount of heterogeneity,
reducing the usefulness of the pooled estimates.

This meta-analysis demonstrated no difference in early
mortality between these two surgical approaches. This
shows that AVR can be performed safely through a minis-

ternotomy at experienced centers. Of note, there are many
alternative approaches to AVR, including lower partial hem-
isternotomy, transverse parasternal incision, and parasternal
incision. Many of these have gone out of favor,"**° and
this review did not examine any of these techniques.

Crossclamp and cardiopulmonary bypass times were longer
in the ministernotomy group, although the differences are
likely not clinically important (7.9 and 11.5 minutes). Ventila-
tion times were shorter in the less-invasive procedures (differ-
ence of 2.1 hours). When considering only randomized
studies, however, there was little difference in the duration
of ventilation (WMD —0.96 hours, 95% CI —1.93 to 0.01
hours). Importantly, studies were not blinded, and little men-
tion was made of extubation protocols, potentially confound-
ing this finding. ICU stay was shorter in the ministernotomy
group (by 11 hours), and hospital stay was also shorter in
the minimally invasive group (by 1 day). This may also be re-
lated to differences in patients or bias of the treating physician,
as the advantage of the ministernotomy approach diminished
when looking only at the randomized studies.

There was a reduced volume of chest tube output within
24 hours in the ministernotomy group, but we were unable

674 The Journal of Thoracic and Cardiovascular Surgery + March 2009
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Study WMD (random) Weight WMD (random)

95% ClI % 95% ClI
Randomized
Aris — 4.39 12.00 [-0.40, 24.40]
Machler — 3.69 2.00 [-15.84, 19.84]
Dogan = 5.22 8.00 [4.30, 11.70]
Subtotal (95% Cl) ¢ 13.30 8.09 [4.61, 11.57]
Observational
Byrne e 2.12 2.00 [-30.97, 34.97]
Chang - 5.18 24.00 [19.63, 28.37]
Christiansen - 5.12 44.80 [39.47, 50.13]
Liu - 5.06 3.64 [-2.47, 9.75]
Szwerc - 5.31 2.50 [1.36, 3.64]
Ehrlich — 3.99 14.30 [-1.23, 29.83]
Detter - 4.92 21.00 [13.37, 28.63]
Doll 4 4.93 5.00 [-2.60, 12.60]
Lee B 3.40 26.00 [5.84, 46.16]
Masiello - 5.12 15.60 [10.27, 20.93]
Corbi —— 4.04 7.80 [-7.35, 22.95]
Farhat - 5.08 19.00 [13.15, 24.85]
Stamou = 5.26 27.00 [24.14, 29.86]
De Smet - 5.05 4.00 [-2.26, 10.26]
Suenega — 4.08 -8.00 [-22.82, 6.82]
Vanoverbeke - 5.08 -0.50 [-6.35, 5.35]
Leshnower — 4.08 22.00 [7.20, 36.80]
Bakir = 5.21  -11.40 [-15.41, -7.39]
Imazeki —— 3.67 4.20 [-13.85, 22.25]
Subtotal (95% Cl) <& 86.70 12.02 [4.94, 19.10]
Total (95% CI) 100.00 11.46 [5.26, 17.65]
Test for heterogeneity: Chi? = 639.68, df = 21 (P < 0.00001), I = 96.7%
Test for overall effect: Z = 3.63 (P = 0.0003)

-100
Favours MINI

-50 0 50 100
Favours FULL

FIGURE 4. Cardiopulmonary bypass time (in minutes). This figure demonstrates pooled estimates for cardiopulmonary bypass time. Estimates greater than

1 indicate shorter bypass time with full sternotomy approach (FULL). This is divided into randomized and observational studies. WMD, weighted mean dif-

ference; CI, confidence interval; df, degrees of freedom; MINI, ministernotomy.

to determine for most studies the more clinically important
rate of blood transfusion. Decreased blood loss may be
related to a decrease in surgical trauma. It is important to
note that blood loss through the chest tube is not the best
clinical end point, however, because the fluid collected in
chest tubes may be a combination of blood and other fluids
and may not be consistently measured. A more clinically
useful end point would be the rate of blood transfusion
according structured protocols such as those proposed in
the recent clinical guidelines from the Society of Thoracic
Surgeons and The Society of Cardiovascular Anesthesio-
logists.>® Although several studies did report blood transfu-
sion, varying reports of timing and volume made it difficult
to combine these data into a useful end point.

Studies have shown that patients have lower amounts of
pain after a ministernotomy.”’*'® This may be due to the
lesser stretching of the sternum required in a partial sternot-
omy," which was not standardized in most of these studies.
In addition, the presence or absence of sternal fractures may
play an important role in early postoperative pain levels.! Of
note, few studies reported on pain (n = 7), the pain scoring
systems varied, and the pain management strategy was not
standardized in most studies. This meta-analysis found

a small difference in pain scores (a 1.7 lower score on a
0-10 scale for the ministernotomy group) after AVR. It is
unclear whether such a small difference in pain scores is
clinically important, and the exact cause of this difference
in pain is also uncertain. With both full sternotomy and
ministernotomy approaches, the sternum should always be
gradually spread open the least amount to allow good visu-
alization and avoid unnecessary bony fractures.

Some may prefer to rely on results obtained from the ran-
domized studies. There were 4 randomized trials,3’5’l3’21
which among them randomly assigned only 280 patients.
These studies were published between 1999 and 2003 and
were of varying quality. There were no efforts to blind sur-
geons in any study, and many of the end points were not
standardized. Nevertheless, in these randomized studies,
there was no difference between the ministernotomy and
full sternotomy approaches in early mortality, crossclamp
time, ventilation time, ICU stay, hospital stay, chest tube
drainage within 24 hours, incidence of atrial fibrillation,
postoperative pain, and incidence of sternal complications,
including infection and dehiscence. Longer operative time
(WMD 16 minutes) and longer cardiopulmonary bypass
time (WMD 8 minutes) were found in the ministernotomy
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Study WMD (random) Weight WMD (random)
95% ClI % 95% ClI

Randomized
Aris R — 2.98 0.00 [-4.02, 4.02]
Machler P 6.62 -3.00 [-4.91, -1.09]
Bonacchi - 9.66 -0.90 [-1.52,-0.28]
Dogan 4 9.18 -0.20 [-1.07, 0.67]
Subtotal (95% CI) o 28.44 -0.96 [-1.93, 0.01]
Observational
Chang — 4.52 -7.60 [-10.50, -4.70]
Christiansen — 5.40 -0.30 [-2.74, 2.14]
Liu [ 6.50 -3.83 [-5.78, -1.88]
Szwerc - 10.0 -1.10 [-1.49, -0.71]
Ehrlich —— 7.98 -2.20 [-3.57, -0.83]
Detter =1 6.99 -1.20 [-2.96, 0.56]
Doll < 0.14 -16.00 [-38.16, 6.16]
Lee =1 4.73 -1.00 [-3.78, 1.78]
Masiello —— 8.31 0.00 [-1.24, 1.24]
Corbi < 1.93 -21.38 [-26.72, -16.04]
Farhat R 4.09 -2.00 [-5.16, 1.16]
Suenega - 9.96 -1.85 [-2.28, -1.42]
Bakir — 1.02 -9.60 [-17.35, -1.85]
Subtotal (95% Cl) <& 71.56 -2.71 [-3.80, -1.62]

Total (95%Cl) <@ 100.00 -2.13 [-2.95, -1.30]

Test for heterogeneity: Chi? = 109.99, df = 16 (P <0.00001), I = 85.5%

Test for overall effect: Z = 5.06 (P < 0.00001)

-10 5 0 5 10
Favours MINI Favours FULL
FIGURE 5. Time to extubation (in hours). This figure demonstrates pooled estimates for time to extubation. Estimates less than 1 indicate decreased time to

extubation with ministernotomy approach (MINI). This is divided into randomized and observational studies. WMD, weighted mean difference; CI, confi-
dence interval; df, degrees of freedom; FULL, full sternotomy.

Study WMD (random) Weight WMD (random)
95% ClI % 95% CI
Randomized
Aris — 5.71 124.00 [-14.84, 262.84]
Machler e 5.83 -150.00 [-284.40, -15.60]
Bonacchi —— 6.55 -164.90 [-274.96, -54.84]
Dogan — 7.47 -255.00 [-333.38, -176.62]
Subtotal (95% CI) p 25.56 -117.90 [-268.82, 33.03]
Nonrandomized
Byrne 2.28 -613.00 [-934.33, -291.67]
Christiansen _— 2.80 85.00 [-192.73, 362.73]
Liu — 7.88 -140.00 [-202.62, -77.38]
Szwerc — 5.17 -102.50 [-261.04, 56.04]
Ehrlich e 6.68 45.00 [-60.63, 150.63]
Doll E— 4.49 191.00 [5.36, 376.64]
Lee — 5.84 -29.00 [-163.04, 105.04]
Masiello —} 7.68 -31.00 [-101.60, 39.60]
Corbi e 3.99 1.00 [-207.10, 209.10]
Farhat —t 6.64 -71.00 [-178.02, 36.02]
De Smet —t 6.64 -85.00 [-192.05, 22.05]
Suenega — 8.08 -41.00 [-94.69, 12.69]
Bakir — 6.29 -220.00 [-338.97, -101.03]
Subtotal (95% Cl) @ 74 .44 -63.90 [-120.38, -7.42]
Total (95% Cl) 100.00 -79.37 [-135.78, -22.96]
Test for heterogeneity: Chi? = 69.99, df = 16 (P < 0.00001), 1> = 77.1%
Testfor overall effect: Z=2.76 (P = 0.006)

-1000 -500 0 500 1000
Favours MINI Favours FULL

FIGURE 6. Blood loss after operation (in milliliters per 24 hours). This figure demonstrates pooled estimates for blood loss after operation. Estimates less
than 1 indicate lower volume of blood loss with ministernotomy (MINI) approach. This is divided into randomized and observational studies. WMD, Weighted
mean difference; CI, confidence interval; df, degrees of freedom; FULL, full sternotomy.
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Dogan 1.000 (0.000, 39.000)
Bonacchi = 0.100 (0.000, 1.037)
Aris - 1.000 (0.000, 39.000)
Machler ] 2.034 (0.103, 122.029)
Combined randomized + 0.71 (0.15, 3.36)
Chang 0.889 (0.000, 34.784)
Farhat 1.000 (0.012, 80.079)
Doll 0.728 (0.116, 3.467)
Lee = 0.283 (0.000, 4.613)
Ehrlich 3.500 (0.000, 129.000)
Bakir L 1.183 (0.085, 16.428)
Vanoverbeke 1.116 (0.057, 66.534)
De Smet 0.907 (0.118, 6.955)
Suenaga 0.750 (0.000, 29.449)
Masiello 1.000 (0.131, 7.653)
Detter L 0.324 (0.006, 4.177)
Szwerc - 0.327 (0.000, 5.308)
Christiansen 1.000 (0.000, 39.000)
Byrne = 0.300 (0.000, 5.016)
Leshnower 0.530 (0.000, 8.663)
Mihaljevic || 4.942 (0.550, 234.209)
Combined observational 0.883 (0.489, 1.594)

Combined all studies

0.859 (0.494, 1.492)

[ T
0.001 0.01
2= 0% (95% CI 0% to 61.7%)

T T 1
0102 05 1 2
odds ratio (95% confidence interval)

T 1 T '
5 10 100 1000

FIGURE 7. Sternal complications. This figure demonstrates pooled estimates for sternal complications, including infection and instability. Estimates less
than 1 indicate lower sternal complications with ministernotomy approach. This is divided into randomized and observational studies. CI/, Confidence interval.

group, but these differences are likely not clinically signifi-
cant. Overall, the randomized studies did not demonstrate
any significant difference (advantage or risk) of a minister-
notomy approach to an AVR.

The shorter skin incision of minithoracotomy may intui-
tively appear more cosmetic, but a shorter incision is also
possible with a conventional full sternotomy.>' In the study
by Ehrlich and colleagues,'® after explanation of the pros
and cons of ministernotomy versus full sternotomy for
AVR, 78% of patients chose the full sternotomy approach,
because most patients were concerned that the operating sur-
geon have excellent exposure during the case. Those who
chose the ministernotomy approach were younger and
were more concerned about the cosmetic result.

There were low rates of sternal complications for both tech-
niques, and the conversion rate from ministernotomy to full
sternotomy was 3.0%. In a study from Boston,> 45 patients

(2.6%) undergoing an upper hemisternotomy required conver-
sion to a complete sternotomy because of bleeding, ventricular
dysfunction, ventricular arrhythmia, poor exposure, or other
reasons.>> Eight of these patients (33.3%) died perioperatively.
Thus, although conversion rates remain low, the necessity of
conversion may be associated with extremely high mortality.

Limitations

This meta-analysis has several limitations. Most of these
studies were observational, and many did not attempt to
adjust for patient risk profiles. There was also no attempt
to blind investigators in any study. We elected to report
the pooled results, but the large amount of heterogeneity
present does limit the usefulness of these estimates.

Studies did not always report similar outcomes, because
there are no established criteria for assessing clinical utility
of less-invasive cardiac surgical procedures. Such important
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Study WMD (random) Weight WMD (random)
95% ClI % 95% ClI
Randomized
Aris —= 14.04 -0.69 [-1.56, 0.18]
Bonacchi = 14.51 -1.00 [-1.58, -0.42]
Dogan = 14.80 -0.10 [-0.41, 0.21]
Subtotal (95% Cl) P\ 43.36 20.55 [-1.19, 0.09]
Observational
Chang = 14.78 -3.70 [-4.05, -3.35]
Walther = 14.82 0.00 [-0.30, 0.30]
Lee - 14.08 -2.00 [-2.85, -1.15]
Candaele — 12.97 -4.50 [-5.85, -3.15]
Subtotal (95% CI) e 56.64 -2.52 [-4.88, -0.15]
Total (95% Cl) <P 100.00 -1.67 [-3.01,-0.33]
Test for heterogeneity: Chi? = 338.17, df = 6 (P < 0.00001), I? = 98.2%
Test for overall effect: Z = 2.44 (P = 0.01)

-10 -5 0 5 10
Favours MINI Favours FULL

FIGURE 8. Pain scores. This figure demonstrates pooled estimates for postoperative pain scores. Estimates less than 1 indicate less pain with ministernotomy
(MINI) approach. This is divided into randomized and observational studies. WMD, Weighted mean difference; CI, confidence interval; df, degrees of free-
dom; FULL, full sternotomy.

measures such as quality of life and return to work were only
reported in a handful of studies. These measures were re-
ported in single-series studies, but inadequate comparisons
were available.”*” There was also limited information about

long-term results, including perivalvular leaks, of the minis-
ternotomy approach to AVR.

The impact of a learning curve is a well-documented
phenomenon when new complex procedures are introduced,

Dogan |— 0.0500 (0.0013, 0.2487)
Bonacchi |—-#———— 0.0250 (0.0006, 0.1316)
Aris | — 0.1000 (0.0123, 0.3170)
Machler |——— 0.0333 (0.0041, 0.1153)
Chang #— 0.0000 (0.0000, 0.1853)
Doll —.— 0.0455 (0.0198, 0.0876)
Lee #——— 0.0000 (0.0000, 0.0771)
Ehrlich {— 0.0000 (0.0000, 0.4593)
Bakir | i 0.0345 (0.0150, 0.0668)
Vanoverbeke I 0.0000 (0.0000, 0.0210)
De Smet | —M—— 0.0500 (0.0164, 0.1128)
Suenaga |—= 0.0417 (0.0011, 0.2112)
Corbi #————— 0.0000 (0.0000, 0.1157)
Masiello |—il—— 0.0300 (0.0062, 0.0852)
Detter |—M—— 0.0286 (0.0035, 0.0994)
Szwerc |-b——— 0.0200 (0.0005, 0.1065)
Byme #— 0.0000 (0.0000, 0.1684)
combined | 4 0.0300 (0.0184, 0.0442)
— ——

0.0 0.2 0.4 0.6
12=33.1% (95% Cl 0% to 61.7%) proportion (95% confidence interval)

FIGURE 9. Rate of conversion. This figure demonstrates the estimated rate of conversion from a ministernotomy to full sternotomy approach. CI, Confi-
dence interval.
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including minimally invasive mitral valve surgery.’>** Be-
cause of the nature of this review, we were unable to assess
it’s the impact of a learning curve on this particular proce-
dure. In addition, we were unable to determine how many
procedures each surgeon performed in a given study, or
how many procedures had been performed before the study.
As a consequence, we can not verify whether these surgeons
were novices or experts with either the full sternotomy or
ministernotomy approach.

CONCLUSIONS

This systematic review and meta-analysis showed that
a less-invasive partial upper sternotomy can be performed
safely, without any increase in risk of death or other major
complications. There were no convincing advantages, how-
ever, of a partial upper sternotomy relative to a conventional
median sternotomy for AVR. Pooled estimates demon-
strated small, statistically significant differences for ventila-
tion time, ICU stay, and hospital stay for the ministernotomy
group. When only randomized studies were pooled, how-
ever, much of the advantage of the ministernotomy approach
diminished. There may be less bleeding and postoperative
pain with the ministernotomy approach, but this outcome
needs further definition. Surgeons must conduct properly de-
signed, prospective studies in which relevant and consistent
clinical outcomes are studied.
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Study WMD (random) Weight WMD (random)
95% CI % 95% CI
Randomized
Machler —_— 5.72 5.00 [-23.14, 33.14]
Bonacchi — 7.20 18.00 [3.94, 32.06]
Dogan —_ 7.60 16.00 [7.18, 24.82]
Subtotal (95% Cl) ¢ 20.52 15.80 [8.58, 23.02]
Observational
Byrne — 4.00 -24.00 [-69.21, 21.21]
Liu - 7.69 -16.00 [-23.25, -8.75]
Christiansen —— 7.59 57.70 [48.71, 66.69]
Ehrlich 5.27 46.40 [14.13, 78.67]
Detter B — 7.08 44.00 [28.59, 59.41]
Doll — 7.72 14.00 [7.41, 20.59]
Lee — 6.11 15.00 [-9.65, 39.65]
Corbi P — 6.79 7.70 [-10.70, 26.10]
Farhat +— 7.56 6.00 [-3.41, 15.41]
Suenega R 6.63 -18.00 [-37.91, 1.91]
Leshnower 6.29 47.00 [23.94, 70.06]
Imazeki —t 6.77 4.40 [-14.19, 22.99]
Subtotal (95% CI) » 79.48 16.01 [-0.23, 32.24]
Total (95% Cl) ) L 2 100.00 15.58 [2.70, 28.46]
Test for heterogeneity: Chi” = 139.21, df = 14 (P< 0.00001), 1 =89.9%
Test for overall effect: Z = 1.89 (P = 0.06)
-100 -50 0 50 100
Favours MINI Favours FULL

FIGURE E1. Total operative time (in minutes). This figure demonstrates pooled estimates for total operative time. Estimates greater than 1 indicate shorter
operative time with full sternotomy approach (FULL). This is divided into randomized and observational studies. WMD, weighted mean difference; CI/, con-
fidence interval; df, degrees of freedom; MINI, ministernotomy.
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Study WMD (random) Weight WMD (random)
95% ClI % 95% ClI

Randomized

Aris o 6.94 -0.11 [-0.64, 0.42]
Bonacchi o 8.78 -0.30 [-0.58, -0.02]
Dogan 1.11 -3.47 [-5.82, -1.12]
Subtotal (95% Cl) <& 16.83 -0.47 [-1.19, 0.24]
Observational

Chang = 8.37 -1.00 [-1.34, -0.66]
Christiansen o 8.22 -0.20 [-0.56, 0.16]
Szwerc 9.71 0.10 [0.06, 0.14]
Walther - 0.82 -1.31 [-4.08, 1.46]
Ehrlich R 0.93 0.60 [-1.99, 3.19]
Detter ] 7.29 -0.50 [-0.99, -0.01]
Masiello L 8.60 0.09 [-0.18, 0.36]
Candaele = 8.85 -1.16 [-1.47, -0.85]
Corbi ] 3.44 -1.03 [-2.17, 0.11]
Farhat . 1.88 -0.90 [-2.62, 0.82]
De Smet =l 4.97 -0.50 [-1.33, 0.33]
Suenega o 9.29 -0.20 [-0.38, -0.02]
Leshnower 0.21 -3.00 [-8.69, 2.69]
Bakir =l 5.72 -0.40 [-1.11, 0.31]
Imazeki ] 4.86 -0.76 [-1.60, 0.08]
Subtotal (95% Cl) ' 83.17 -0.47 [-0.76, -0.17]
Total (95% Cl) I 100.00 -0.46 [-0.72, -0.20]
Test for heterogeneity: Chl? = 145.06, df = 17 (P < 0.00001), I? = 88.3%

Testfor overall effect: Z = 3.57 (P = 0.0006)

-10 -5 0 5 10
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FIGURE E2. Intensive care unit stay (in days). This figure demonstrates pooled estimates for stay in intensive care unit. Estimates less than 1 indicate shorter
intensive care stay with ministernotomy approach (MINI). This is divided into randomized and observational studies. WMD, weighted mean difference; CI,
confidence interval; df, degrees of freedom; FULL, full sternotomy.

The Journal of Thoracic and Cardiovascular Surgery * Volume 137, Number 3 679.e2



Acquired Cardiovascular Disease Brown et al

Study WMD (random) Weight WMD (random)
95% CI % 95% CI
Randomized
Aris —a 5.29 0.00 [-1.46, 1.46]
Bonacchi —= 5.15 -1.00 [-2.51, 0.51]
Dogan e 7.26 -0.10 [-0.89, 0.69]
Subtotal (95% Cl) . 17.70 -0.24 [-0.87, 0.39]
Observational
Byrne —_— 3.06 -1.00 [-3.48, 1.48]
Chang - 7.53 -3.20 [-3.89, -2.51]
Liu —— 4.93 -3.00 [-4.59, -1.41]
Szwerc = 8.55 -0.70 [-0.82, -0.58]
Walther 1 4.00 1.80 [-0.18, 3.78]
Ehrlich — 1.23 1.70 [-2.81, 6.21]
Detter —— 5.33 -1.20 [-2.64, 0.24]
Doll —= 6.87 -0.80 [-1.72, 0.12]
Masiello = 7.72 0.50 [-0.12, 1.12]
Candaele -+ 7.47 0.00 [-0.72, 0.72]
Farhat —= 5.57 -0.60 [-1.96, 0.76]
De Smet —_ 4.17 0.70 [-1.20, 2.60]
Mihaljevic — 4.63 -1.00 [-2.71, 0.71]
Suenega e 2.29 -2.60 [-5.66, 0.46]
Vanoverbeke 2.67 -4.60 [-7.35, -1.85]
Leshnower ¢ 0.28 -3.00 [-13.06, 7.06]
Bakir — 5.03 -2.00 [-3.55, -0.45]
Imazeki _— 0.95 -4.50 [-9.74, 0.74]
Subtotal (95% CI) 3 82.30 -1.05 [-1.68, -0.41]
Total (95% Cl) ¢ 100.00 -0.91 [-1.45, -0.37]
Test for heterogeneity: Chi? = 103.22, df = 20 (P <0.00001), I’ = 80.6%
Test for overall effect: Z = 3.30 (P = 0.0010)

10 5 0 5 10
Favours MINI Favours FULL

FIGURE E3. Hospital stay(in days). This figure demonstrates pooled estimates for stay in hospital. Estimates less than 1 indicate shorter hospital stay with
ministernotomy approach (MINI). This is divided into randomized and observational studies. WMD, weighted mean difference; CI, confidence interval; df,
degrees of freedom; FULL, full sternotomy.
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Study OR (random) Weight OR (random)
95% CI % 95% CI
Randomized
Aris — 2.62 2.25 [0.36, 13.97]
Machler —_—— 2.13 0.05 [0.01, 0.36]
Bonacchi B a— 3.39 1.37 [0.29, 6.56]
Subtotal (95% Cl) ———— 8.15 0.56 [0.05, 5.74]
Observational
Byrne e 2.85 0.94 [0.17, 5.36]
Szwerc el 7.34 0.53 [0.21, 1.32]
Doll ] 14.25 0.70 [0.47, 1.04]
Masiello 1= 10.12 1.77 [0.91, 3.47]
Corbi —— 6.28 0.63 [0.22, 1.76]
Farhat —_— 2.24 1.00 [0.14, 7.39]
Stamou sl 11.09 0.85 [0.47, 1.56]
De Smet — 10.96 0.49 [0.27, 0.90]
Vanoverbeke -+ 12.26 1.40 [0.83, 2.36]
Bakir g 14.46 1.19 [0.81, 1.75]
Subtotal (95% ClI) L3 91.85 0.90 [0.68, 1.20]
Total (95% Cl) ® 100.00 0.87 [0.64, 1.20]
Test for heterogeneity: Chi? = 25.26, df = 12 (P = 0.01), 1> =52.5 %
Test for overall effect: Z = 0.82 (P = 0.41)

0.01 0.1 1 10 100
Favours MINI Favours FULL
FIGURE E4. Postoperative atrial fibrillation. This figure demonstrates pooled estimates for atrial fibrillation after operation. Estimates less than 1 indicate

lower estimates of atrial fibrillation after ministernotomy approach (MINI). This is divided into randomized and observational studies. OR, odds ratio; CI,
confidence interval; df, degrees of freedom; FULL, full sternotomy.
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Dogan 1.000 (0.000, 39.000)

Machler 3.050 (0.008, infinity)

Combined randomized ’: 1.96 (0.16, 23.89)

Chang 0.889 (0.000, 34.784)

Farhat 3.061 (0.188, infinity)

Doll —J— 1.256 (0.496, 3.121)
Bakir = 2.996 (0.484, 31.673)
Vanoverbeke 1.118 (0.157, 12.565)

De Smet 2.784 (0.218, 147.721)

Masiello 3.030 (0.188, infinity)
Szwerc 1.000 (0.012, 80.079)
Christiansen 1.000 (0.000, 39.000)
Leshnower 5.143 (0.309, infinity)

Mihaljevic —- 0.388 (0.172, 0.819)
Corbi 0.767 (0.000, 12.378)

Stamou 0.850 (0.094, 3.684)

Combined observational " 0.89 (0.58, 1.37)
Combined all studies 0.909 (0.596, 1.388)
f T T T T T T T 1
0.001 0.01 0102 051 2 5 10 100 1000
12= 0% (95% CI 0% to 45.4%) odds ratio (95% confidence interval)

FIGURE ES. Postoperative stroke. This figure demonstrates pooled estimates for postoperative stroke. Estimates less than 1 indicate lower estimate of post-
operative stroke with ministernotomy approach. This is divided into randomized and observational studies. C/, Confidence interval.
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