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Background: Human acellular dermal matrix has become an increasingly used
adjunct to traditional submuscular tissue expander/implant breast reconstruc-
tion, but there is no strong consensus regarding complication outcomes. This
study stratified outcomes based on a meta-analysis of complications.
Methods: A query of the MEDLINE database for articles on human acellular
dermal matrix and submuscular tissue expander breast reconstruction yielded
901 citations. Two levels of screening identified 48 relevant studies. The Der-
Simonian and Laird random-effects model was used to perform the meta-
analysis. Risk ratios and pooled complication rates were calculated for each
outcome of interest.

Results: Nineteen studies reporting human acellular dermal matrix (n=2037)
and 35 reporting submuscular outcomes (n = 12,847) were used to estimate
complication rates. Rates were generally higher in acellular dermis patients: total
complications, 15.4 versus 14.0 percent; seroma, 4.8 versus 3.5 percent; infec-
tion, 5.3 versus 4.7 percent; and flap necrosis, 6.9 versus 4.9 percent. Six studies
reporting both acellular dermis and submuscular outcomes were used to esti-
mate relative risks. There was an increased risk of total complications (relative
risk, 2.05; 95 percent CI, 1.55 to 2.70), seroma (relative risk, 2.73; 95 percent
Cl, 1.67 to 4.46), infection (relative risk, 2.47, 95 percent CI, 1.71 to 3.57), and
reconstructive failure (relative risk, 2.80; 95 percent Cl, 1.76 to 4.45) in acellular
dermis patients.

Conclusions: The meta-analysis suggests that the use of human acellular dermal
matrix increases complication rates vis-a-vis submuscular expander/implant
reconstruction. This must be weighed against its reported advantages in enhancing
cosmesis and ameliorating contracture. (Plast. Reconstr. Surg. 129: 1, 2012.)

CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IIL
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n the United States, approximately 57,000 tis-
sue expander/implant-based reconstructions
are performed annually, representing approx-
imately 65 percent of all breast reconstructions.!
Acellular dermis has been an increasingly popular
adjunct to traditional expander reconstruction
with putative benefits including improved infra-
mammary control, decreased incidence of migra-
tion, greater intraoperative fill (with decreased
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concomitant expansion time and number of post-
operative visits), improved cosmesis, and amelio-
ration of contracture.*® The basic technique in-
volves releasing the pectoralis muscle along its
inferior border and using the acellular dermis to
reconstruct the ensuing lower pole defect.

The technique of using human acellular der-
mal matrix for soft-tissue reconstruction has ex-
isted since the early 1990s, and its use has been
described in a myriad of clinical contexts from
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Acellular-Assisted Breast Reconstruction

English Only, Human Trials MEDLINE Search up to January of

2000 for the Terms: "tissue expander®, “implant®, "acellular

dermis®, "acellular dermal matrix " "alloderm”, or “aceliular
matrix®, and "breast” and “reconstruction”

I

901 Citatlons identified for Screening
879 Identified by Computer Search
22 identified by Manual Search

O

823 Rejected
240 Case Reports, Letters, and/or Reviews
310 Without Treatment of interest
95  Autologous Reconstructions
142  Breast Augmentations
73 Other
38  Without Population of interest
208  Without Outcomes of Interest
27  Had <25 TE/I Reconstructed Breasts

!

_f 78 Studies Retrieved

-

30 Rejected
3 Muitiple Publication of Same Cohort
22 Mixed Population or Without
— P

O Extractable Data
5

Without Outcomes of interest

_I 48 Potential Studies for Meta -Analysis }_

_

AQ:3

!

Studies for Comparing Rates

6 Uncontrolled Cohorts with both HADM
Using and Submuscular Groups

}

Studies for Pocled Summary Rates

42 Uncontrolied Cohorts
13 HADM Using Only
29  Submuscular Only

6 Uncontrolied Cohorts With Both HADM
Using and Submuscular Groups

Flg. 1. Study attrition diagram. TE/, tissue expander/implant; HADM, human acellular dermal matrix.

tween studies. For any heterogeneity of statistical
significance, sources of heterogeneity were explored
by means of an exclusion sensitivity analysis. Funnel
plots, Egger’s regression test, and Begg’s rank cor-
relation test were used to assess publication bias.2627
Statistical analysis was performed using MIX 2.0, Pro-
fessional Software for Meta-analysis plug-in for Mi-
crosoft Excel, version 2.0.1.2 (BiostatX1, 2010), and
corroborated with RevMan5.0 (Cochrane Collabo-

ration Information Management System, Oxford,
United Kingdom).28.29

RESULTS

Study Characteristics

An English-language PubMed search of

MEDLINE identified 879 articles that were eligi-
ble for screening. An additional 22 articles were
identified through a manual bibliography search,

3
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Table 1. Characteristics of Study Populations Reporting Human Acellular Dermal Matrix Reconstruction Outcomes

O

Patient Characteristics Complications
Mean Mean
No. of Mean Mean Previous Postoperative Intraoperative Follow-Up Total Flap Reconstructive
Reference Reconstructions Age (yr) BMI XRT (%) XRT (%) Fill (ml) (mo) Complications Seroma Hematoma Infection Necrosis Failure
Antony et al., 20106 153 44.5 23.8 10.5 9.2 NA NA 32 11 3 i1 7 9
Becker et al., 2009% 50 50.9 26.3 0.0 NA 40.0 14.3 2 i NA i NA NA
Bindingnavele

et al., 2007% 65 50.0 NA NA 12.2 NA 10.0 6 3 i 2 NA i
Breuing and Colwell,

20075 67 46.0 NA 7.4 7.4 NA 16.1 2 NA NA 2 NA 1
Buck et al., 20102 58 53.3 NA 4.0 10.0 213.5 46 5 i i 2 i 2
Chun et al., 20102 269 47.0 255 8.7 6.5 322.7 NA 131 38 6 24 63 16
Lanier et al., 2010% 52 51.0 29.8 5.8 58 256.0 6.7 31 8 0 i5 8 10
Liu et al., 201117 266 NA 249 NA 9.8 1878 NA 75 19 i 18 37 13
Losken, 20097 31 48.0 26.7 NA 25.8 NA 10.2 i 0 NA 0 i 0
Margulies et al.,

2005% 50 46.0 NA NA NA NA 7.9 2 NA NA i 1 NA
Nahabedian, 2009¢ 100 48.2 NA i1.8 18.4 NA 17.0 i3 5 NA 5 3 2
Namnoum, 2009% 29 NA NA NA 3.4 170.0 21.0 3 1 NA i 1 NA
Preminger et al.,

2008% 45 NA NA NA NA 223.8 NA 7 3 i 3 NA NA
Rawlani et al., 20112 121 50.2 NA 2.5 19.0 256.6 10.2 19 2 0 9 8 i1
Salzberg et al., 20118 466 NA NA 2.4 2.1 412.8 28.9 i1 NA 5 i 5 6
Sbitany et al., 2009'* 92 48.6 26.4 NA 12.0 412.5 NA i1 3 NA 8 NA 4
Spear et al., 2008¢ 58 50.3 NA 5.2 13.8 242.0 18.1 7 1 NA 4 2 1
Topol et al., 2008% 35 NA NA NA NA NA 9.5 3 NA NA 3 NA 2
Zienowicz and

Karacaoglu, 2007 30 NA NA NA NA 441.0 i8.0 6 NA NA NA 6 NA

NA, not applicable; XRT, radiotherapy.
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Table 3. Average Demographic Data
HADM Submuscular p

Mean age, yr 48.8 48.8 0.97
Mean BMI 26.2 26.1 0.94
Smokers, % 11.3 17.6 0.10
Diabetes, % 4.1 2.6 0.21
Previous radiotherapy, % 5.8 6.5 0.64
Postoperative radiotherapy, %  11.1 13.3 0.50
Chemotherapy, % 39.8 43.0 0.67
Mean intraoperative fill, ml 264.9 187.1 0.10

Mean follow-up, mo 13.8 299 0,02
HADM, human acellular dermal matrix.

tive risks. The variance in total complication profiles
reported in the literature (range, 3.2 to 48.7 percent)
suggests the need for pooled analysis 2357121518 The
aim of our meta-analysis was to focus on complica-
tion profiles and perform both a risk analysis and
pooled summary estimates using the most recent
literature. We did not specifically address the un-
derlying rationale for using human acellular dermal
matrix or validate the potential advantages of this
technique, as these topics have been discussed else-
where in the literature.2456.15

An important question associated with the use
of human acellular dermal matrix is whether or
not there is an enhanced infection rate. Our meta-
analysis shows that the risk of infection is more
than doubled when using human acellular dermal
matrix (relative risk, 2.47; 95 percent confidence
interval, 1.71 to 3.57). This risk is corroborated by
the difference in pooled rates between human
acellular dermal matrix and submuscular recon-
struction, 5.3 percent (95 percent confidence in-
terval, 3.1 to 7.4 percent) versus 4.7 percent (95
percent confidence interval, 3.8 to 5.7 percent),
respectively. This may not be surprising consider-
ing that the initial state of the human acellular
dermal matrix is that of a pre-revascularization
biological material and, as such, another potential
foreign body added to the stressed hypovascular
milieu of mastectomy flaps. Another concern with
human acellular dermal matrix has been the po-
tential for enhanced seroma formation—the ra-
tionale being that the biological material may in-
cite an inflammatory response that manifests as
seroma (or, m_mmsmmﬁw? as the cellulitic mimic
termed “red breast syndrome”).267.68 Indeed, our
meta-analysis suggests this to be the case in both
the risk analysis and pooled rates (relative risk,
2.73; 95 percent confidence interval, 1.67 to 4.46;
and 4.8 percent; 95 percent confidence interval,
2.8 to 6.9 percent, versus 3.5 percent; 95 percent
confidence interval, 2.6 to 4.4 percent).

Another complication associated with tissue
expander reconstruction is hematoma. The rela-

nique between the human acellular dermal matrix
and submuscular cohort would presuppose a hy-
pothesis that hematoma rates would be similar.
Indeed, both the meta-analysis and the pooled
complication analysis indicate that hematoma
rates themselves are not affected by the incorpo-
ration of human acellular dermal matrix into the
standard submuscular technique.

The rates of mastectomy flap necrosis and hu-
man acellular dermal matrix use may be related by
intraoperative expansion. With the anatomical
constraints of an intact pectoralis major muscle
eliminated, the human acellular dermal matrix—
based tissue expander reconstruction may allow
for greater intraoperative fill as suggested by our
analysis (264.9 ml versus 187.1 ml; p = 0.10). How-
ever, this must be counterbalanced by the possi-
bility of added vascular insult to already compro-
mised mastectomy flaps and the attendant risk of
necrosis. Thus, our pooled complication rates sug-
gested a higher rate of flap necrosis in the human
acellular dermal matrix cohort, 6.9 percent (95
percent confidence interval, 3.6 to 10.2 percent)
versus 4.9 percent (95 percent confidence inter-
val, 3.7 to 6.2 percent). However, the risk analysis
did not connote a significant relative risk with this
variable (relative risk, 1.56; 95 percent confidence
interval, 0.85 to 2.85). Moreover, intraoperative
fill showed no apparent correlation with flap ne-
crosis in studies that reported both of these values
(p = 0.56). Part of the reason for this lack of
correlation may be the degree of clinical Jjudg-
ment that factors into expansion—wholesale ex-
pansion of prostheses is limited by surgical assess-
ment of mastectomy flaps, which will vary from
patient to patient. Finally, with the meta-analysis
reflecting an increased total complication profile
and relative risk, it is perhaps not surprising that
the risk of reconstructive failure or removal of the
expander is higher in the human acellular dermal
matrix cohort (relative risk, 2.80; 95 percent confi-
dence interval, 1.76 to 4.45). Reducing the inci-
dence of these complications has been discussed by
various authors in the literature.21216.18 Specifically,
strategies that have been used by the senior author
(JYSK.) include judicious intraoperative expan-
sion, careful patient selection based on an intraop-
erative assessment of flap vascularity, dead space
management with the use of quilting sutures, and
aggressive irrigation of the breast pocket.

Although beyond the scope of this study, the
issue of cost-effectiveness is another important el-
ement to consider when performing human acel-
lular dermal matrix-assisted breast reconstruc-
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tive similarity in tissue plane dissection and tech-
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Pooled Rate of Complications in HADM Reconstruction
Study
Antony (2010)
Becker (2009) -0
Bindingnavele (2007) -O-
Breuing (2007)
Buck (2010)
Chun (2010)
Lanler (2010)
Liu (2011)
Losken (2009)
Margulies (2005)
NahabedIan (2009)
Namnoun (2009)
Preminger (2008)
Rawlani (2011)
Saizberg (2011)
Shitany (2009)
Spear (2008)
Topol (2008) .......l!&...-..i.l
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Fig. 2. Cumulative pooled rate of total complications in human acellular dermal matrix
(HADM) reconstruction. Diamonds indicate the cumulative pooled rate of partial flap loss in
individual studies. Horizontal lines represent the corresponding 95 percent confidence in-
terval (C)). The vertical dashed line represents the cumulative rate estimate.

Table 5. Pooled Complication Rates for Human Acellular Dermal Matrix and Submuscular Patients

Pooled
No. of No. of Complication 95% CI
Studies Reconstructions Rate (%) (%) Q Statistic, p E (%)
HADM
Total complications 19 2037 15.4 9.3-214 <0.01 95.4
Seroma 14 1389 48 2.8-6.9 <0.01 71.0
Hematoma 9 1495 1.0 0.5-1.5 0.68 0.0
Infection 18 2007 5.3 3.1-7.4 <0.01 83.9
Flap necrosis 13 1683 6.9 3.6-10.2 <0.01 90.0
Reconstructive failure 14 1833 3.8 2.3-5.4 <0.01 64.0
Submuscular
Total complications 35 12,847 14.0 11.7-16.3 <0.01 94.0
Seroma 24 9886 3.5 2.6-4.4 <0.01 85.7
Hematoma 22 9547 1.5 1.0-2.0 <0.01 65.7
Infection 35 12,847 4.7 3.8-5.7 <0.01 85.8
Flap necrosis 26 10,818 49 3.7-6.2 <0.01 91.2
Reconstructive failure 31 12,144 3.8 2.9-4.7 <0.01 88.3
CI, confidence interval; HADM, human acellular dermal matrix.
tion. Our study does not specifically address this The statistical tools used to analyze the studies

topic; however, each surgeon considering the po-  were stratified to formal meta-analysis for studies
tential benefits of human acellular dermal matrix  with both human acellular dermal matrix and sub-
must also consider the potential economic burden muscular cohorts and to cumulative pooled com-
and aforementioned complication profile as well. plication summaries for studies with solely human
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Infection in HADM and Submuscular Reconstruction

&

Study Risk Ratio (95% C1)

Antony (2010} 2.65(1.44; 4.87)

]

Chun (2010) E——— 4.34(1.33; 14.18)
]

Lanier (2010) —_—— 2.40(1.14;5.07)
1

Liu {2011) L - 2.76(1.04; 7.31)

Preminger (2008) 3.00(0.32; 27.76)

Sbitany (2009) Em—— 1.22(0.44; 3.36)

Overall 2.47 (1.71;3.57)

r T

0.25 05 1

¥ T T —

4 8 16 32
Submuscular HADM

Fig. 5. Infection in human acellular dermal matrix (HADM) and submuscular recon-

struction. Size of the solid squares is inversely proportional to the variance of the study

estimate. The diamond represents the random-effectsrelative riskand 95 percentcon-

fidence interval (CN). The dashed line represents the overall risk estimate.

Table 6. Relative Risks for Human Acellular Dermal Matrix versus Submuscular Reconstruction

No. of Studies Relative Risk 95% CI Q Statistic, p B (%)

Q Total complications 6 2.05 1.55-2.70 0.08 49.0
Seroma 6 2.73 1.67-4.46 0.22 29.3
Hematoma 4 2.06 0.86-4.94 0.98 0.0

Infection 6 2.47 1.71-3.57 0.72 0.0

Flap necrosis 4 1.56 0.85-2.85 0.02 68.3
Reconstructive failure 5 2.80 1.76-4.45 0.53 0.0

CI, confidence interval,

pothesize stem from clinical and methodologic
diversity between the studies. Rather than ignor-
ing the heterogeneity presentin our study by using
a fixed-effects model, we incorporated the heter-
ogeneity through the use of the random-effects
model. We had similar results calculating relative
risk when applying both models, and varying re-
sults for pooled complications. As a result, we
chose the more conservative, random-effects esti-
mate for both. In addition, when an exclusion
sensitivity assessment was performed by removing
study population outliers, there was little change
in the statistical significance of the majority of our
results. Nevertheless, the relative imbalance of co-
hort sample sizes in human acellular dermal ma-
trix versus submuscular reconstruction (n = 2037
versus n = 12,847) introduces the possibility of
heightened B error when combined with the miss-
ingness factor. Another limitation to this study was
that the meta-analysis was based primarily on non-

randomized studies. Ideally, a more robust analysis
would require level I evidence with randomized con-
trolled trials. Nonrandomized studies tend to be
more susceptible to selection bias because of the
potential for greater systematic differences between
cohorts as compared with randomized controlled
trials, which use randomization and blinding to ad-
dress this bias. The significant heterogeneity seen in
our study (as with most meta-analyses including
nonrandomized studies) was expected and is
likely related to the increased interstudy meth-
odologic diversity characteristic of nonrandom-
ized study inclusion. The impact of this bias can be
mitigated by using strong study inclusion criteria
and the same random-effects model we used to
draw statistical conclusions.

These limitations and assumptions notwith-
standing, the pooled complication rates and risk
analysis both demonstrate convergent patterns of
increased complications in the human acellular

11
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