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Abstract N\

\

Background: Adverse outcomes after unilateral vs bilateral breast reconstruction involve an unknown level of risk that warrants |
thorough investigation.

Methods: To address this research need, PubMed, Ovid, Medline, EMBASE, and Scopus databases were searched through
systematically from January 1, 1990, to January 1, 2019 to retrieve the relevant studies on the risk of postoperative complications
after unilateral vs bilateral abdominal flap breast reconstruction. According to the pre-designed inclusion criteria, available data were
extracted from the relevant studies, and then analyzed comparatively in order to identify the relative risk (RR) and 95% confidence
intervals (Cl) applying either a random or a fixed effects model.

Results: Eventually, 20 studies involving 8122 female subjects met the inclusion criteria. It was found that unilateral reconstruction
involved a significantly higher risk of flap loss (RR: 1.56, 95% Cl: 1.21-2.00; P < .05) and fat necrosis (RR: 1.60, 95% Cl: 1.23-2.09;
P < .05) compared to bilateral reconstruction, while bilateral reconstruction involved a greater risk of abdominal hermia/bulge (RR:
1.67,95% Cl: 1.25-2.24; P < .05). The risk was found to be higher following bilateral free transverse rectus abdominis myocutaneous
(fTRAM) flaps in comparison with deep inferior epigastric perforator (DIEP) flaps (RR: 2.62, 95% Cl: 1.33-5.15; P<.05).

Conclusion: The risk of postoperative flap complications in unilateral breast reconstruction is significantly higher than that in
bilateral reconstruction. Contrarily, the abdominal complications were significantly higher in the bilateral group vs the unilateral group.
Meanwhile, the risk of abdominal hernia/bulge complication after bilateral breast reconstruction was significantly higher with fTRAM
vs DIEP. Therefore, DIEP flaps are recommended in priority for bilateral breast reconstruction, unless specifically contraindicated.

Abbreviations: Cl = confidence intervals, DIEP = deep inferior epigastric artery perforator, fTRAM = free transverse abdominal
myocutaneous, NOS = Newcastle Ottawa Scale, PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-Analyses,
pTRAM = pedicled transverse rectus abdominis myocutaneous, RR = relative risk, SGAP = superior gluteal artery perforator, SIEA =
superficial inferior epigastric artery perforator, upTRAM = unipedicled transverse rectus abdominis myocutaneous.
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1. Introduction

Ediitor: Panagis M. Lykoudis. . . . .
9 v Breast reconstruction methods, including tissue expanders and

implants,!* may lead to adverse consequences. For instance,
implants may require removal due to infection or other
complication such as rupture or problematic capsular formation
and, in addition, implants do not have an infinite lifespan and,
therefore, require replacement at various stages throughout a
patients life. Autologous tissue transplantation provides an
excellent like-for-like reconstruction for most patients in that is it
natural and durable, and is associated with documented higher
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patient satisfaction.”**! Abdominal flaps are most commonly
used for breast reconstruction in autologous tissue transplanta-
tion because of their reliable blood supply and adequate tissue
volume to reconstruction ratio.!

In order to reduce the risk of breast cancer in certain groups of
patients with specific genetic mutations, preventative risk
reducing mastectomy is increasingly accepted by doctors and
patients.” ! Some related studies have shown that bilateral
breast reconstruction with abdominal flaps is featured with
reduced incidence of donor site morbidity, less postoperative pain
and superior reconstructive outcomes, and therefore greatly
improves patient satisfaction.!'*™'*! However, other studies have
shown that bilateral breast reconstruction is deemed more
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complicated and carries a higher risk of complications than
unilateral breast reconstruction.’35:384% The existing studies
present controversial conclusions regarding the adverse outcomes
and contain limited series reporting variable complication rates.

Previous meta-analysis have suggested that there is a higher
risk of flap loss after bilateral deep inferior epigastric perforator
(DIEP) flap in comparison with unilateral breast reconstruc-
tion,!*®! but the included studies were limited and incomplete.
With constant update from emerging research, a new meta-
analysis was needed, which formed the drive for our study. In
such a context, the present study aimed to perform a meta-
analysis for comparing the recipient-site and donor-site compli-
cation rates following unilateral vs bilateral abdominal flap
breast reconstruction based on the integrated data extracted from
published research works in order to minimize deviation and
enhance statistical accuracy.

2. Materials and methods

2.1. Search strategy

Referencing to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA),!'”! the meta-analysis
was initiated with a systematic literature search using PubMed,
Ovid, EMBASE, Medline, and Scopus databases from January 1,
1990, to January 1, 2019 to retrieve relevant studies evaluating
the risk of postoperative complications after unilateral vs
bilateral abdominal flap breast reconstruction. This study was
approved by the Ethics Committee of Xiangya Hospital, Central
South University. The keywords used in the literature search
include: “breast reconstruction”, “DIEP”, ““TRAM” (transverse
rectus abdominis myocutaneous), “SIEA” (superficial inferior
epigastric artery), “unilateral” along with “bilateral”. No
restriction was imposed, and the references and comments of
each study were carefully reviewed.

2.2. Study selection

The preliminarily-retrieved studies were firstly reviewed by title,
followed by abstract, and then full text to determine whether they
had met the following inclusion criteria:

1. Observational study comparing unilateral vs bilateral groups;

2. Breast reconstruction performed with abdominal flap; and

3. Postoperative recipient-site and donor-site complications
included in the primary outcomes.

All the studies that contain only comments or summaries of
meetings, or have no access to the full text were excluded.

2.3. Data extraction

Available information and results were extracted from each study
meeting the inclusion criteria by 2 independent researchers.
Disagreements were resolved through discussion. If the same
experimental group appeared in more than 2 studies, data would
be extracted from the latest and the most complete one.

The extracted data included the first author, country of origin,
year of publication, mean age, group size, flap type, study design,
device type, body mass index, and Newcastle Ottawa Scale
(NOS) score.'® The quality was evaluated for each study based
on NOS from 3 perspectives: groups selection; comparability
among various groups; ascertaining of exposure (case-control

Medicine

studies), or outcomes of interest (cohort studies). The primary
results of interest were designed to be flap loss, fat necrosis,
abdominal hernia/bulge, and vascular thrombosis complications
requiring surgical revision or conservative treatments such as
dressing change, skin graft, or local flap transposition.

2.4. Statistical analyses

In this meta-analysis, the incidences of postoperative complica-
tions after unilateral vs bilateral breast reconstruction were
combined using dichotomous variables. Relative risk (RR) was
chosen to represent dichotomous variables when measures were
combined and the occurrence of events and total sample size of
each group were known. The 95% confidence interval (CI) was
recorded, with P<.05 being referred to as statistically signifi-
cant,!!

The heterogeneity of the combined results of observational
studies was tested using Q statistics (P<.05 referred to as
heterogeneous) and I? statistics (I°>50% referred to as
heterogeneous)./*”! The random effects model was applied when
the data combined from studies was significant heterogeneity, or
else the fixed effects model was applied.*") As the population
characteristics, surgical proficiency, preoperative positioning
methods, and related risk factors were inconsistent among
several studies, we made a sensitivity analysis to elucidate the
reason for heterogeneity. Then, a subgroup analysis of breast
reconstructions was also performed using different abdominal
flaps (DIEP, free TRAM (fTRAM), pedicled TRAM (pTRAM),
unipedicled TRAM (unipTRAM), or “Others”) to explore the
influence of covariate changes on RR.

We further carried out Beggs tests and funnel plots for
evaluating the publication bias. All statistical analyses were
executed in Review Manager 5.2 (RevMan, The Cochrane
Collaboration, The Nordic Cochrane Centre, Copenhagen,
Denmark) and STATA 12.0 software (Stata Corporation,
College Station, TX).?*! As aforementioned, P < .05 was referred
to as statistically significant, except where otherwise specified.

3. Results

3.1. Search results and study characteristics

There were 1514 studies retrieved in PubMed, Ovid, Medline,
EMBASE, and Scopus databases initially. Figure 1 shows the
inclusion process used in study selection, which identified 20
studies for final analysis. Table 1 presented the features*>**! of
included studies. All these studies were case-control in nature,
including 3 prospective studies and 17 retrospective studies.
Specifically, 8 studies involved DIEP breast reconstruction; 3
involved TRAM breast reconstruction; 6 involved DIEP and
TRAM breast reconstruction; and 3 involved DIEP, TRAM, and
SIEA. It is noteworthy that there are 4 studies,'*>**¢35-3¢1 in which
results could be extracted only for recipient-site or donor-site
complications. The NOS score was ranged from 5 to 8 among the
included studies.

3.2. Flap loss complications

Based on 16 observational studies involving 7828 flaps, the
combined data for flap loss complications showed that patients
who underwent unilateral abdominal flaps had significantly
higher complications vs bilateral flaps (RR: 1.56, 95% CI: 1.21-
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Figure 1. Flowchart for study selection.

2.00; P<.05). No indication of substantial heterogeneity was
identified (P=.22; I?=20%), and analysis was carried out using a
fixed effects model (Fig. 2). The results of sensitivity analysis on
flap loss complications did not vary substantially, and RR was
ranged from 1.33 (95% CI: 1.01-1.77; P=.04) to 1.70 (95% CI:
1.31-2.21; P<.05). There was no indication of substantial
heterogeneity either (P=.17-0.47; I?=0%-24%). Meanwhile,
the funnel plot did not suggest any substantial asymmetry (Fig. 3),
and the Beggs rank correlation test did not reveal any publication
bias (P=.970). In the subgroup analysis of flap loss complications
(Fig. 2), statistically-significant differences were shown in the

“Others” subgroup (RR: 1.68, 95% CI: 1.14-2.48; P <.05), but
not in that of DIEP, fTRAM, pTRAM, and unipTRAM. There
was no indication of significant heterogeneity in the subgroup
analysis (P=.61; P=0%).

3.3. Fat necrosis complications

Based on 10 observational studies involving 2823 flaps, the
combined data for fat necrosis complications showed that patients
who underwent unilateral abdominal flaps had significantly higher
complications vs bilateral flaps (RR: 1.60, 95% CI: 1.23-2.09;
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Characteristics of the included studies.
No. of Patients (No. of Flaps)
Age Unilateral Bilateral Studystudy BMI (kg/m?)
First author/country/year (mean)u/B Group Group Procedures design Devices U/B NOS
Scheer,?®! Canada, 2006 49 52 16 (32) DIEP Retrospective - 27 7
34 6(12) fTRAM
Bajaj, ¥ USA, 2006 51.0/ 471 27 8 DIEP Retrospective 27.0/ 28.4 7
51.4/ 51.4 93 26 fTRAM 25.4/ 26.4
Chang,! USA, 2013 50.1/ 47.9 324 92 DIEP Retrospective 27.1/ 283 8
720 241 fTRAM
0'Connor, ™ UK, 2016 - 413 65 (130) DIEP Prospective CTA - 6
Bodin,?® France, 2015 49.6/49.7 110 11 (22) DIEP Retrospective HHD 25.8/ 26.01 7
Beugels,®” Netherlands, 2016 51/47.5 322 104 (208) DIEP Retrospective HHD 26.8/ 27.4 8
Nelson,®? USA, 2010 - 35 18 (36) DIEP Retrospective - 28.7 5
59 32 (64) fTRAM
Kwok,B4 USA, 2018 51/48.6 490 201 (402) DIEP Prospective - - 5
Nahabedian,®® USA, 2005 491/ 45.9 66 22 (44) DIEP Retrospective - - 6
49.6/ 43.8 65 24 (48) fTRAM
Nahabedian,®® USA, 2008 48 120 48 DIEP Retrospective - - 6
123 39 fTRAM
Canizares,®” USA, 2015 58/50 32 36 (72) DIEP Retrospective CTA 28.2 7
Blondeel,* Belgium, 1999 45.4 74 13 (26) DIEP Retrospective cbu 245 7
Wade,“% UK, 2017 56.7/51.7 371 97 (194) DIEP Prospective cou 26.4/ 271 8
Tomouk,“ UK, 2017 49/46 111 19 DIEP Retrospective 28.4/ 30.4 7
Chang,8! USA, 2016 491 1162 488 (976) DIEP, TRAM Retrospective 27.3 6
Lin,”% USA, 2016 51.5/ 49.2 367 222 (444) DIEP, TRAM, SIEA  Retrospective 28.4/ 28.8 5
Ascherman,®"! USA, 2008 47 105 12 pTRAM Retrospective 25.1 6
Ireton, ¥ USA, 2013 488 164 24 (48) pTRAM Retrospective 25.2 7
Paige,®® USA, 1998 46.1 127 130 (260) UpTRAM Retrospective - - 6
Rao,“" USA, 2010 46 386 171 (342) DIEP, TRAM, SGAP  Retrospective HHD - 7

BMI = body mass index, CDU = color Doppler ultrasound, CTA = computed tomographic angiography, DIEP = deep inferior epigastric artery perforator, fTRAM = free transverse abdominal myocutaneous, HHD
= handheld doppler, NOS = Newcastle Ottawa Scale, PTRAM = pedicled transverse rectus abdominis myocutaneous, SGAP = superior gluteal artery perforator, SIEA = superficial inferior epigastric artery
perforator, U/B = unilateral/ bilateral, UPTRAM = unipedicled transverse rectus abdominis myocutaneous, US = ultrasonography.

P <.05). No indication of substantial heterogeneity was identified
(P=.41;I>=4%), and analysis was carried out using a fixed effects
model (Fig. 4). The results of sensitivity analysis on fat necrosis
complications did not vary substantially, and RR was ranged from
1.49 (95% CI: 1.12-1.99; P<.05) to 1.91 (95% CI: 1.40-2.59;
P<.05). There was no indication of substantial heterogeneity
either (P=.34-0.68; I°=0%-11%). Meanwhile, the funnel plot
did not suggest any substantial asymmetry (Fig. 5), and the Beggs
rank correlation test did not reveal any publication bias (P=
1.000). In the subgroup analysis of fat necrosis complications
(Fig. 4), statistically significant differences were shown in the
subgroups of DIEP and unipTRAM (RR: 1.66, 95% CL: 1.15-
2.38; P<.05 and RR: 2.52, 95% CI: 1.25-5.08; P<.05,
respectively), but not in that of fTRAM, pTRAM, and “Others”.
There was no indication of significant heterogeneity in the
subgroup analysis (P=.12; I’=45.1%).

Based on 3 observational studies involving 311 flaps, the
combined data for unilateral fat necrosis complications did not
suggest any significant difference between the subgroups of DIEP
and fTRAM (RR:2.14, 95% CI: 0.74-6.23; P> .05). Substantial
heterogeneity was reflected (P=.08; I°=60%), and a random
effects model was chosen for analysis (Fig. 6). The results of
sensitivity analysis on fat necrosis complications varied substan-
tially. After excluding the study by Nahabedian, et al,*! the
results showed a statistically significant difference (RR: 3.77,
95% CI: 1.64-8.68; P <.05), with no significant heterogeneity
(P=.88; I?=0%). Meanwhile, the funnel plot did not suggest any

substantial asymmetry (Fig. 7), and the Beggs rank correlation
test did not reveal any publication bias (P=.604).

3.4. Vascular thrombosis complications

Based on 9 observational studies involving 2789 flaps, the
combined data for vascular thrombosis complications showed
no significant difference for unilateral vs bilateral flaps (RR: 0.81,
95% CI: 0.54-1.21; P=.31). No indication of substantial
heterogeneity was identified (P=.78; I°=0%), and analysis was
carried out using a fixed effects model (Fig. 8). The results of
sensitivity analysis on vascular thrombosis complications did not
vary substantially, and RR was ranged from 0.74 (95% CI: 0.49-
1.12; P=.16) t0 0.88 (95% CI: 0.58-1.33; P=.54). There was no
indication of substantial heterogeneity either (P=.70-0.86; I°=
0%). Meanwhile, the funnel plot did not suggest any substantial
asymmetry (Fig. 9), and the Beggs rank correlation did not reveal
any publication bias (P=1.000). In the subgroup analysis of
vascular thrombosis complications (Fig. 8), no statistically
significant difference was reflected among the subgroups of DIEP,
fTRAM, and “Others”. There was no indication of significant
heterogeneity in the subgroup analysis (P=.94; I°=0%).

3.5. Flap infection complications

Based on 8 observational studies involving 2958 flaps, the
combined data for flap infection complications showed that
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Unilateal flap Bilateral flap
Study or Subgroup _Events Total Events Total Weight

1.1.1 DIEP

Beugels 2016 26 322 15 208 18.1%
Blondeel 1999 9 74 0 26 0.7%
Bodin 2015 8 110 0 22 0.8%
Canizares 2015 1 32 2 72 1.2%
Kwok 2018 25 490 13 402 14.2%
Nahabedian 2005 1 66 2 44 2.4%
Nelson 2010 1 35 0 36 0.5%
O’ Connor 2015 2 413 0 130 0.8%
Scheer 2006 3 52 3 32 3.7%
Wade 2017 14 371 7 194 9.2%
Subtotal (95% CI) 1965 1166  51.6%
Total events 90 42

Heterogeneity: Chi? =5.12, df =9 (P = 0.82); 1= 0%

Test for overall effect: Z = 1.45 (P =0.15)

1.1.2 fTRAM

Nahabedian 2005 2 65 0 48 0.6%
Nelson 2010 0 59 0 64

Scheer 2006 4 34 1 12 1.5%
Subtotal (95% CI) 158 124 2.0%
Total events 6 1

Heterogeneity: Chi2 = 0.27, df = 1 (P = 0.60); 1> = 0%

Test for overall effect: Z = 0.84 (P = 0.40)

1.1.3 pTRAM

Ascherman 2008 0 105 1 24 2.4%
Ireton 2013 16 164 0 48 0.8%
Subtotal (95% CI) 269 72 3.2%
Total events 16 1

Heterogeneity: Chi? = 5.45, df = 1 (P = 0.02); I = 82%
Test for overall effect: Z = 1.22 (P = 0.22)

1.1.4 unipTRAM

Paige 1998 7 127 5 260 3.3%
Subtotal (95% CI) 127 260 3.3%
Total events 7 5

Heterogeneity: Not applicable
Test for overall effect: Z = 1.83 (P = 0.07)

1.1.5 Other

Chang 2016 50 1162 16 976  17.3%
Lin 2016 13 367 11 444 9.9%
Rao 2010 8 386 12 342 12.7%
Subtotal (95% CI) 1915 1762  39.9%
Total events 71 39

Heterogeneity: Chi? = 8.02, df = 2 (P = 0.02); I = 75%
Test for overall effect: Z = 2.62 (P = 0.009)

Total (95% CI) 4434 3384 100.0%
Total events 190 88

Heterogeneity: Chi? = 21.13, df = 17 (P = 0.22); I = 20%

Test for overall effect: Z = 3.49 (P = 0.0005)

Test for subaroup differences: Chi2 =2.68. df =4 (P =0.61). 2 =0%

Risk Ratio Risk Ratio
M-H, Fixed. 95% CI M-H, Fixed. 95% CI

1.12[0.61, 2.06] -+
6.84[0.41, 113.57]
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L.

1.58 [0.82, 3.04]
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3.08[0.13, 73.23]
1.58 [0.08, 32.75]
0.62[0.13, 2.87] —
1.05 [0.43, 2.55]
1.31[0.91, 1.87] *

3.71[0.18, 75.59]
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1.41[0.17,11.42]
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|
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Figure 2. Forest plot of unilateral vs bilateral breast reconstruction for the outcome: flap loss.

patients who underwent unilateral abdominal flaps had
significantly higher complications vs bilateral flaps (RR: 1.45,
95% CI: 1.02-2.06; P<.05). No indication of substantial
heterogeneity was identified (P=.71; I’=0%), and analysis was
carried out using a fixed effects model (Fig. 10). The results of

sensitivity analysis on flap infection complications did not vary
substantially, and RR was ranged from 1.30 (95% CI: 0.89-1.89;
P=.17) to 1.84 (95% CI: 1.40-3.07; P<.05). There was no
indication of substantial heterogeneity either (P=.62-0.86; I’ =
0%). Meanwhile, the funnel plot did not suggest any substantial
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Figure 3. Funnel plot of unilateral vs bilateral breast reconstruction for the
outcome: flap loss.
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asymmetry (Fig. 11), and the Beggs rank correlation test did not
reveal any publication bias (P=.325). In the subgroup analysis of
flap infection complications (Fig. 10), no statistically significant
difference was reflected among the subgroups of DIEP, fTRAM,
pTRAM, unipTRAM, and “Others”. There was no indication
Ozf significant heterogeneity in the subgroup analysis (P=.49;
IF=0%).

3.6. Flap hematoma complications

Based on 7 observational studies involving 1195 flaps, the
combined data for flap hematoma complications showed no
significant difference for unilateral vs bilateral flaps (RR: 1.03,
95% CI: 0.61-1.83; P=.85). No indication of substantial
heterogeneity was identified (P=.93; I’=0%), and analysis was
carried out using a fixed effects model (Fig. 12). The results of
sensitivity analysis on vascular thrombosis complications did not

Unilateal flap

u Even

1.2.1 DIEP

Beugels 2016 6 74
Blondeel 1999 45 322
Bodin 2015 4 110
Canizares 2015 0 32
Nahabedian 2005 6 66
Nelson 2010 4 35
Scheer 2006 24 52
Subtotal (95% CI) 691
Total events 89

Bilateral flap

Heterogeneity: Chi? = 2.19, df = 6 (P = 0.90); I = 0%

Test for overall effect: Z = 2.73 (P = 0.006)

1.2.2 fTRAM

Nahabedian 2005 7 65
Nelson 2010 2 59
Scheer 2006 4 34
Subtotal (95% ClI) 158
Total events 13

Heterogeneity: Chi? = 3.21, df = 2 (P = 0.20); I = 38%

Test for overall effect: Z=1.13 (P = 0.26)

1.2.3 pTRAM

Ireton 2013 15 164
Subtotal (95% ClI) 164
Total events 15

Heterogeneity: Not applicable
Test for overall effect: Z=1.55 (P =0.12)

1.2.4 unipTRAM

Paige 1998 16 127
Subtotal (95% CI) 127
Total events 16

Heterogeneity: Not applicable
Test for overall effect: Z = 2.59 (P = 0.010)

1.2.5 Other

Lin 2016 20 367
Subtotal (95% CI) 367
Total events 20

Heterogeneity: Not applicable
Test for overall effect: Z = 0.38 (P = 0.70)
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Figure 4. Forest plot of unilateral vs bilateral breast reconstruction for the outcome: fat necrosis.
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Figure 5. Funnel plot of unilateral vs bilateral breast reconstruction for the
outcome: fat necrosis.

vary substantially, and RR was ranged from 0.96 (95% CI: 0.54—
1.71;P=.88)t0 1.11 (95% CI: 0.62-1.99; P=.73). There was no
indication of substantial heterogeneity either (P=.86-0.97; I°=
0%). Meanwhile, the funnel plot did not suggest any substantial
asymmetry (Fig. 13), and the Beggs rank correlation did not
reveal any publication bias (P=.453). In the subgroup analysis of
vascular thrombosis complications (Fig. 12), no statistically
significant difference was reflected among the subgroups of DIEP,
fTRAM, and pTRAM. There was no indication of significant
heterogeneity in the subgroup analysis (P=.92; I°=0%).

3.7. Abdominal hernia/bulge complications

Based on 13 observational studies involving 3772 subjects, the
combined data for abdominal hernia/bulge complications
showed that patients who underwent bilateral abdominal flaps
had significantly higher complications vs the unilateral group
(RR: 1.67, 95% CI: 1.25-2.24; P<.05). No indication of
substantial heterogeneity was identified (P=.51; I’=0%), and
analysis was carried out using a fixed effects model (Fig. 14). The
results of sensitivity analysis on abdominal hernia/bulge
complications did not vary substantially, and RR was ranged
from 1.59 (95% CI: 1.17-2.16; P <.05) to 1.81 (95% CI: 1.34-
2.46; P<.05). There was no indication of substantial heteroge-
neity either (P=.44-0.74; I?=0%-1%). Meanwhile, the funnel
plot did not suggest any substantial asymmetry (Fig. 15), and the
Beggs rank correlation test did not reveal any publication bias

oT SE(log[RR])
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08T
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Figure 7. Funnel plot of unilateral DIEP vs fTRAM breast reconstruction for the
outcome: fat necrosis.

(P=.787). In the subgroup analysis of abdominal hernia/bulge
complications (Fig. 14), statistically significant differences were
shown in the subgroups of fTRAM and pTRAM (RR: 1.75,95%
CL: 1.20-2.57; P<.05 and RR: 5.74, 95% CI: 1.32-24.93;
P <.03, respectively), but not in that of DIEP and unipTRAM.
There was no indication of significant heterogeneity in the
subgroup analysis (P=.36; [=7%).

Based on 4 observational studies involving 492 subjects, the
combined data for abdominal hernia/bulge complications
showed that patients who underwent bilateral fTRAM had
significantly higher complications vs the bilateral DIEP group
(RR: 2.62, 95% CI: 1.33-5.15; P<.05). No indication of
substantial heterogeneity was identified (P=1.00; I°=0%), and
analysis was carried out using a fixed effects model (Fig. 16). The
results of sensitivity analysis on abdominal hernia/bulge
complications did not vary substantially, and RR was ranged
from 2.53 (95% CI: 1.14-5.61; P<.05) to 2.67 (95% CI: 1.20-
5.92; P<.05). There was no indication of substantial heteroge-
neity either (P=.98-1.00; I=0%). Meanwhile, the funnel plot
did not suggest any substantial asymmetry (Fig. 17), and the
Beggs rank correlation test did not reveal any publication bias
(P=.497).

4. Discussion

In recent decades, an increasing number of unilateral breast
cancer patients underwent contralateral breast prophylactic

DIEP fTRAM
r I Events Total Events Total Weigh
Nahabedian 2005 6 66 7 65 37.0%
Nelson 2010 4 35 2 59 24.2%
Scheer 2006 24 52 4 34 38.8%
Total (95% CI) 153 158 100.0%
Total events 34 13

Heterogeneity: Tau? = 0.52; Chi? = 4.94, df = 2 (P = 0.08); I = 60%

Test for overall effect: Z=1.40 (P = 0.16)

Risk Ratio
M-H, Random % Cl
0.84 [0.30, 2.38]

Risk Ratio
M-H, Random % Cl

3.37 [0.65, 17.47] B
3.92[1.49, 10.31] ——
2.14[0.74, 6.23] A
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Figure 6. Forest plot of unilateral DIEP vs fTRAM breast reconstruction for the outcome: fat necrosis.



http://www.md-journal.com

Cao et al. Medicine (2020) 99:37 Medicine
Unilateal flap Bilateral flap Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI

1.3.1 DIEP

Beugels 2016 5 74 1 26 2.9% 1.76 [0.22, 14.35] -

Blondeel 1999 10 322 8 208 19.2% 0.81[0.32, 2.01] -

Bodin 2015 11 110 0 22 1.6%  4.77[0.29, 78.03]

Canizares 2015 1 32 1 72 1.2% 2.25[0.15, 34.86]

Nahabedian 2005 1 66 4 44 9.5% 0.17 [0.02, 1.44] -

Nelson 2010 1 35 0 36 1.0% 3.08[0.13, 73.23]

Scheer 2006 3 52 4 32 9.8% 0.46 [0.11, 1.93] - - 1

Wade 2017 10 371 8 194  20.8% 0.65 [0.26, 1.63] A

Subtotal (95% Cl) 1062 634 66.1% 0.82 [0.50, 1.34] A 4

Total events 42 26

Heterogeneity: Chi?2=6.16, df = 7 (P = 0.52); I = 0%

Test for overall effect: Z=0.81 (P = 0.42)

1.3.2 fTRAM

Nahabedian 2005 2 65 1 48 2.3% 1.48 [0.14, 15.82] - 1

Nelson 2010 0 59 0 64 Not estimable

Scheer 2006 2 34 1 12 2.9% 0.71[0.07, 7.10] - 1

Subtotal (95% Cl) 158 124  52%  1.04[0.20, 5.34] ——

Total events 4 2

Heterogeneity: Chi? = 0.19, df =1 (P = 0.66); I = 0%

Test for overall effect: Z = 0.05 (P = 0.96)

1.3.3 Other

Lin 2016 10 367 16 444  28.7% 0.76 [0.35, 1.65] =

Subtotal (95% Cl) 367 444  28.7% 0.76 [0.35, 1.65] -

Total events 10 16

Heterogeneity: Not applicable

Test for overall effect: Z=0.70 (P = 0.48)

Total (95% ClI) 1587 1202 100.0% 0.81 [0.54, 1.21] <

Total events 56 44 . . . .
e 2 = - - - 12 = N9, r T T 1

Heterogeneity: Chi? = 6.44, df = 10 (P = 0.78); 1> = 0% 0.01 01 1 10 100

Test for overall effect: Z = 1.02 (P = 0.31)
Test for subaroun differences: Chi2=0.12. df =2 (P =0.94). 2= 0%
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Figure 8. Forest plot of unilateral vs bilateral breast reconstruction for the outcome: vascular thrombosis.

resections.[*>** The increase in demand for bilateral breast
reconstruction has been facilitated by improved genetic testing,
as well as surgical and reconstruction techniques and out-
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Figure 9. Funnel plot of unilateral vs bilateral breast reconstruction for the
outcome: vascular thrombosis.

postoperative complications after unilateral vs bilateral breast
reconstruction are controversial, especially in terms of complica-
tion percentage. The present meta-analysis further evaluated the
risk of adverse outcomes after unilateral vs bilateral breast
reconstruction.

The RR of flap loss for unilateral vs bilateral breast
reconstruction in this study was 1.56 (95% CI: 1.21-2.00;
P <.05), suggesting an increase of 1.56-fold in flap loss risk after
unilateral breast reconstruction. The RR of fat necrosis for
unilateral vs bilateral breast reconstruction was 1.60 (95% CI:
1.23-2.09; P <.05), suggesting an increase of 1.60-fold in the risk
of developing fat necrosis after unilateral breast reconstruction.
The RR of flap infection for unilateral vs bilateral breast
reconstruction in this study was 1.45 (95% CIL: 1.02-2.06;
P <.035), suggesting an increase of 1.56-fold in infection risk after
unilateral breast reconstruction. There was no significant
difference between vascular crisis and subcutaneous hematoma.
Postoperative flap loss is usually due to a combination of factors
(infection, hematoma, postoperative management, etc.). Scheer
et al®¥ pointed out a possible reason for such a difference in RR,
that is, large abdominal flaps were harvested in patients who
underwent unilateral breast reconstruction to match the
contralateral breast size, which increased the risk of flap loss
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Unilateal flap  Bilateral flap Risk Ratio Risk Ratio
1 | i 0, | i 0,

1.10.1 DIEP
Beugels 2016 18 322 4 208  9.5% 2.911[1.00, 8.47] -
Nelson 2010 1 35 0 36 1.0%  3.08[0.13, 73.23]
Scheer 2006 2 52 1 32  24% 1.23[0.12, 13.03] -
Wade 2017 14 371 7 194  18.0% 1.05[0.43, 2.55] -1
Subtotal (95% CI) 780 470 30.9% 1.70 [0.91, 3.18] ~
Total events 35 12
Heterogeneity: Chi? = 2.32, df = 3 (P = 0.51); I?=0%
Test for overall effect: Z=1.65 (P = 0.10)
1.10.2 fTRAM
Nelson 2010 6 59 1 64 1.9%  6.51[0.81, 52.48] T
Scheer 2006 1 34 0 12 1.4% 1.11[0.05, 25.66]
Subtotal (95% ClI) 93 76 3.3% 4.18[0.81, 21.48] T
Total events 7 1
Heterogeneity: Chi? = 0.86, df = 1 (P = 0.36); I>= 0%
Test for overall effect: Z=1.71 (P = 0.09)
1.10.3 pTRAM
Ascherman 2008 2 105 0 24 1.6% 1.18 [0.06, 23.80]
Ireton 2013 7 164 0 48 1.5%  4.45[0.26, 76.62] ]
Subtotal (95% ClI) 269 72 3.1% 2.78[0.37, 21.02] ———
Total events 9 0
Heterogeneity: Chi? = 0.42, df = 1 (P = 0.52); 1> = 0%
Test for overall effect: Z = 0.99 (P = 0.32)
1.10.4 unipTRAM
Paige 1998 3 127 6 260 7.7% 1.02[0.26, 4.03] - I
Subtotal (95% ClI) 127 260 1.7% 1.02 [0.26, 4.03] -
Total events 3 6
Heterogeneity: Not applicable
Test for overall effect: Z=0.03 (P = 0.97)
1.10.5 Other
Lin 2016 29 367 31 444  55.0% 1.13[0.70, 1.84] :
Subtotal (95% CI) 367 444 55.0% 1.13[0.70, 1.84]
Total events 29 31
Heterogeneity: Not applicable
Test for overall effect: Z = 0.50 (P = 0.62)
Total (95% CI) 1636 1322 100.0% 1.45[1.02, 2.06] *
Total events 83 50
Heterogeneity: Chi? = 6.25, df = 9 (P = 0.71); I2 = 0% 0_61 0?1 ] 1’0 1(’)0

Test for overall effect: Z =2.07 (P = 0.04)
Test for subaroup differences: Chi?2 = 3.45. df =4 (P = 0.49). 12 = 0%

Figure 10. Forest plot of unilateral vs bilateral breast reconstruction for the outcome: flap infection.
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and fat necrosis, especially in the distal part of the flap because of
SE(ogIRR]) inadequate vascular support. During the bilateral breast
reconstruction, covering the area of both breasts using abdominal
‘ flaps increases the scope of the flaps after dividing the original flap
"ot N into 2 flaps of the same size, each with independent perforator

0.5T o
S blood vessels.
The RR of abdominal hernia/bulge between unilateral vs
o } bilateral breast reconstruction was 1.67 (95% CI: 1.25-2.24;
o§ © P <.05) in the present study, suggesting an increase of 1.67-fold in

( X the risk of developing abdominal hernia/bulge after bilateral breast
15t o reconstruction. This is probably due to the fact that bilateral breast
' ' reconstruction requires a large abdominal flap, which therefore
involves a larger degree of injury to the abdominal soft tissues.
However, using computed tomographic angiography or Doppler
ultrasound preoperatively to locate perforator blood vessels,
supported by sophisticated surgical experience, can significantly
reduce the degree of abdominal injury.

A subgroup analysis was also performed to evaluate breast
reconstruction using different flaps. In the fat necrosis sub-
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Figure 11. Funnel plot of unilateral vs bilateral breast reconstruction for the
outcome: flap infection.
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Unilateal flap Bilateral flap
Study or Subgroup Events Total Events Total Weight
1.11.1 DIEP
Beugels 2016 17 322 10 208 53.2%
Nelson 2010 2 35 3 36 12.9%
Scheer 2006 5 52 3 32 16.3%
Subtotal (95% Cl) 409 276  82.4%
Total events 24 16
Heterogeneity: Chi? = 0.24, df = 2 (P = 0.89); I>= 0%
Test for overall effect: Z = 0.06 (P = 0.95)
1.11.2 fTRAM
Nelson 2010 3 59 1 64 4.2%
Scheer 2006 1 34 1 12 6.5%
Subtotal (95% CI) 93 76  10.7%
Total events 4 2
Heterogeneity: Chiz = 1.57, df =1 (P = 0.21); 1> = 36%
Test for overall effect: Z = 0.52 (P = 0.60)
1.11.3 pTRAM
Ascherman 2008 1 105 0 24 3.5%
Ireton 2013 1 164 0 48 3.4%
Subtotal (95% Cl) 269 72 6.9%
Total events 2 0
Heterogeneity: Chi?2=0.01, df =1 (P = 0.92); I> = 0%
Test for overall effect: Z = 0.20 (P = 0.84)
Total (95% CI) 771 424 100.0%

Total events 30 18
Heterogeneity: Chi? = 1.93, df =6 (P = 0.93); I?= 0%
Test for overall effect: Z=0.19 (P = 0.85)

Test for subaroun differences: Chi2 = 0.27. df =2 (P = 0.87). 12 = 0%
Figure 12. Forest plot of unilateral vs bilateral breast reconstruction for the outcome: flap hematoma.
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analysis, statistically significant differences were shown in the
subgroup of DIEP and unipTRAM (RR: 1.66, 95% CI: 1.15-
2.38; P<.05 and RR: 2.52, 95% CI: 1.25, 5.08; P<.05,
respectively), but not in that of fTRAM, pTRAM, and “Others”.
Existing studies have shown that TRAM can provide adequate
tissues for breast reconstruction and guarantee reliable blood
vessel supply.*® Blondeel et al®'l and Kroll?! reported an
increased prevalence of fat necrosis resulting from decreased
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Figure 13. Funnel plot of unilateral vs bilateral breast reconstruction for the
outcome: flap hematoma.

10

venous drainage in DIEP flaps compared with TRAM flaps. The
incidence of fat necrosis complications was not statistically
different in the combined unilateral DIEP and fTRAM group
(RR:2.14, 95% CI: 0.74-6.23; P> .05). Although the risk of fat
necrosis complications was significantly higher in unilateral
breast reconstruction than the bilateral reconstruction, the risk of
fat necrosis complications in the unilateral DIEP and fTRAM
groups showed neither statistically significant difference nor
substantial heterogeneity. Therefore, it can be concluded that the
results of this study did not suggest a higher rate of fat necrosis in
the DIEP vs fTRAM flap group.

In the abdominal hernia/bulge sub-analysis, statistically
significant differences could be observed in the subgroups of
FTRAM and pTRAM (RR: 1.75, 95% CI: 1.20-2.57; P < .05 and
RR: 5.74, 95% CI: 1.32-24.93; P <.085, respectively), but not in
that of DIEP and unipTRAM. Meanwhile, according to the
combined results, the incidence of abdominal complications in
the bilateral fTRAM group was significantly higher than that in
the DIEP group (RR: 2.62, 95% CI: 1.33-5.15; P<.05). There
was an increase of 2.62-fold in the risk of developing abdominal
hernia/bulge after bilateral fTRAM breast reconstruction, which
was significantly higher than that of DIEP. However, during the
TRAM flap creation, abdominal wall injury is reportedly greater
than the case of DIEP, which results in a greater risk of poor
abdominal appearance and abdominal wall weakness complica-
tions.>*** Some related research also suggested that DIEP was
advantageous over TRAM in protecting the structure and
function of abdominal wall. DIEP was developed with the
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Bilateral flap Unilateal flap
1.6.1 DIEP
Bajaj 2006 1 8 1 27  0.8%
Beugels 2016 4 104 7 322 6.0%
Canizares 2015 0 36 0 32
Chang 2013 3 92 16 324 12.4%
Nahabedian 2007 3 48 5 120 5.0%
Nelson 2010 1 18 0 35 0.6%
Scheer 2006 4 16 4 52  3.3%
Tomouk 2017 1 19 7 11 3.6%
Wade 2017 0 97 2 371 1.8%
Subtotal (95% CI) 438 1394 33.6%
Total events 17 42
Heterogeneity: Chi? = 4.89, df =7 (P = 0.67); I>= 0%
Test for overall effect: Z=1.25 (P = 0.21)
1.6.2 fTRAM
Bajaj 2006 2 26 9 98 6.6%
Chang 2013 20 241 41 720 36.1%
Nahabedian 2007 7 39 8 123 6.8%
Nelson 2010 4 32 3 59  3.7%
Scheer 2006 4 6 5 34  26%
Subtotal (95% CI) 344 1034 55.9%
Total events 37 66
Heterogeneity: Chi? = 6.11, df =4 (P = 0.19); I = 35%
Test for overall effect: Z = 2.88 (P = 0.004)
1.6.3 pTRAM
Ascherman 2008 1 12 2 105 0.7%
Ireton 2013 2 24 2 164  0.9%
Subtotal (95% ClI) 36 269 1.6%
Total events 3 4
Heterogeneity: Chi? = 0.08, df = 1 (P = 0.77); = 0%
Test for overall effect: Z =2.33 (P = 0.02)
1.6.4 unipTRAM
Paige 1998 7 130 5 127 8.9%
Subtotal (95% ClI) 130 127 8.9%
Total events 7 5

Heterogeneity: Not applicable
Test for overall effect: Z = 0.55 (P = 0.58)

Total (95% CI)
Total events 64 117
Heterogeneity: Chi* = 14.16, df = 15 (P = 0.51); I = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)

948

Test for subaroun differences: Chiz2 =3.23. df =3 (P =0.36). 12=7.0%
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Figure 14. Forest plot of unilateral vs bilateral breast reconstruction for the outcome: abdominal hernia/bulge.
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Figure 15. Funnel plot of unilateral vs bilateral breast reconstruction for the
outcome: abdominal hernia/bulge.

11

purpose of reducing the risk of postoperative complications after
breast reconstruction using TRAM.>5¢! The meta-analysis by
Wang, et als”*”! indicated that TRAM patients were subject to a
higher rate of postoperative complications than DIEP patients.
Therefore, the relevant patient factors, such as comorbidities,
must be carefully considered during the preparation for breast
reconstruction in order to decrease the rate of complications and
identify the procedures with the best chance for success.

The main advantage of this study is that, after performing the
sensitivity analysis of various exclusion criteria, the association of
postoperative risk with unilateral vs bilateral breast reconstruc-
tion was found to be statistically significant, and no substantial
heterogeneity was observed. Furthermore, in the subgroup
analyses stratified by different flap reconstruction methods, this
association remained statistically significant. In addition, the
funnel plots suggested no substantial asymmetry, and the Beggs
rank correlation test did not reveal any publication bias. This
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fTRAM DIEP
Study or Subgroup  Events Total Events Total Weight
Chang 2013 20 241 3 92 41.4%
Nahabedian 2007 7 39 3 48 25.6%
Nelson 2010 4 32 1 18 12.2%
Scheer 2006 4 6 4 16 20.8%
Total (95% Cl) 318 174 100.0%

Total events 35 11
Heterogeneity: Chi? = 0.04, df = 3 (P = 1.00); 12 = 0%
Test for overall effect: Z=2.79 (P = 0.005)

Risk Ratio Risk Ratio
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Figure 16. Forest plot of bilateral DIEP vs fTRAM breast reconstruction for the outcome: abdominal hernia/bulge.
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Figure 17. Funnel plot of bilateral DIEP vs fTRAM breast reconstruction for the
outcome: abdominal hernia/bulge.

meta-analysis included a total of 20 relevant studies, mainly in
English language; the amount of studies and patients in each
group were both increased compared to previous meta-analyses.
Therefore, this study is comparatively powerful and specific in
evaluating the risk of postoperative complications after unilateral
vs bilateral breast reconstruction.

The limitations of this meta-analysis are as follows. First, it was
unable to extract data from the original studies regarding the
preoperative method used to locate perforators, and uncontrolled
confounding factors including comorbidities, age, smoking
history, breast reconstruction time, and body mass index may
also lead to potential problems, especially considering that
obesity may be associated with postoperative complications.
Second, future studies should evaluate the postoperative follow-
up and compare the longer-term differences in complications
between unilateral and bilateral groups, including abdominal
aesthetics and patient satisfaction.

5. Conclusions

This meta-analysis has shown that the risk of postoperative flap
complications in unilateral breast reconstruction is significantly
higher than that in bilateral reconstruction. Contrarily, the
abdominal complications were significantly higher in the bilateral
group vs the unilateral group. Meanwhile, the risk of abdominal
hernia/bulge complication after bilateral breast reconstruction
was significantly higher with fTRAM vs DIEP. Therefore, DIEP

12

flaps are recommended as the preferred method for bilateral
breast reconstruction, unless clearly contraindicated.
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