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Background: Studies describing recent abdominoplasty modifications have
reported a decreased incidence of seroma, attributed to preservation of ab-
dominal lymphatics. However, there are limited anatomical data to support
this hypothesis. The authors sought to characterize the lymphatic architecture
of the abdominal wall and provide a conceptual basis for further refinement
of abdominoplasty techniques.

Methods: Fifteen tissue samples from five patients undergoing abdominoplasty
were sectioned and analyzed. Slides were stained with hematoxylin and eosin,
CD31, and D2-40 and assessed by a pathologist and a plastic surgeon for the
presence and number of lymphatics. Results were reported as mean percent-
age of lymphatic-specific antibody per analyzed area.

Results: Lymphatic vessels were observed in the dermis, superficial fascia, and
loose areolar tissue but not in deep or superficial fat. The highest concentra-
tion was in the dermis (mean, 82.6 percent; range, 69 to 89.2 percent). The
Scarpa fascia contained 9.4 percent of lymphatics (range, 7.0 to 11.4 percent),
whereas the loose areolar tissue at the specimen base contained an average of
7.9 percent (range, 2.6 to 19.5 percent). These lymphatics were consistently
located in the deepest third, with the Scarpa fascia lying an average of 34 per-
cent of the total tissue thickness above muscle fascia. Lymphatic prevalence did
not increase in specimens near the superficial epigastric vessels.

Conclusions: Abdominoplasty flap lymphatics are most common in the dermis,
with a significant proportion (approximately 17 percent) also appearing near
fascial layers. This confirms the presence of deep lymphatic channels that could
potentially be preserved during abdominoplasty or lipoabdominoplasty.  (Plast.
Reconstr. Surg. 135: 1027, 2015.)

ity in recent years as surgeons have sought

to decrease complication rates while still
improving abdominal contour. Various tech-
niques have included selective skin excision and
abdominal wall liposuction to preserve deeper
structures presumed to contain blood vessels,
nerves, and lymphatics."® However, although
the literature on clinical outcomes of lipoab-
dominoplasty has grown, there is still a paucity

I ipoabdominoplasty has grown in popular-
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of anatomical data to support the hypotheses
on which it is based. Previous studies have sug-
gested that limited epigastric undermining does
preserve arterial perforators.” Relatively little is
known, however, regarding the distribution of
abdominal lymphatics.

The objective of this study was thus to explore
the lymphatic architecture of the abdominal wall
to understand whether selective liposuction rather
than traditional flap elevation could plausibly
contribute to better preservation of lymphatics.
We also sought to determine whether lymphatic
vessels run in proximity to anatomical landmarks
of the abdominal wall that could be easily defined
in the clinical setting. This information may pro-
vide the basis for further refinements in abdomi-
nal wall contouring techniques.

Disclosure: The authors have no financial interest
to declare in relation to the content of this article.
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PATIENTS AND METHODS

Fifteen abdominal wall samples from five
patients undergoing fleur-de-lis abdominoplasty
were analyzed following institutional review board
approval. After the abdominal pannus was excised,
tissue samples were sectioned from the discarded
abdominal tssues, fixed in 4% buffered formal-
dehyde, embedded in paraffin, and stained with
hematoxylin and eosin. Samples were obtained
from three locations: one upper abdominal sam-
ple was taken 4 cm cephalad to the umbilicus
and two samples were harvested 2 cm from the
midline on the lower abdomen. Four additional
samples were harvested that included the superfi-
cial inferior epigastric vein to assess whether lym-
phatic quantity was increased by proximity to the
superficial inferior epigastric vein.

Immunostaining Procedures

A double immunostaining technique was car-
ried out using a commercial antibody against
CD31, a cytoplasmic panendothelial marker
(clone JC/70A; Neomarkers, Inc., Fremont,
Calif.), and by D2-40, a new and highly sensi-
tive lymphatic marker useful for distinguishing
lymphatics from other vessels.” All slides were
reviewed simultaneously by a pathologist and a
plastic surgeon using a multihead microscope
and 10x loupe magnification. Photographs were
taken with a digital camera and exposure was
adjusted post hoc to optimize visibility. Lymphat-
ics were counted by anatomical layer, including
the skin (upper and lower dermal complexes),
superficial fat, superficial fascial system, deep fat,
and loose areolar tissue/deep fascia. The width
and the thickness of the anatomical layers from
the lower tissue margins were measured in mil-
limeters and the data were tabulated. The ratio of
lymphatic density of the fascia layers (superficial
fascia and loose areolar tissue) to the number of
lymphatics in all layers was calculated and com-
pared between patients.

RESULTS

Double staining disclosed a clear differential
pattern when comparing vascular with lymphatic
vessels: both types of vessels showed endothe-
lial cell cytoplasm stained with fastred (CD-31),
whereas only lymphatic type vessels demonstrated
endothelial cell nuclei stained with brown D2-40.
Lymphatic vessels were observed in the dermis,
superficial fascia, and loose areolar tissue.

The highest concentration of lymphatics was
in the dermis, with a mean of 82.6 + 11.8 percent of
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the total lymphatic volume per specimen (range,
69 to 89.2 percent). The Scarpa fascia layer had a
concentration of 9.4 + 1.9 percent (range, 7.0 to
11.4 percent). Lymphatics in this area were found
to accompany adjacent veins and arteries (Fig. 1).
The loose areolar tissue at the base of the speci-
men contained an average of 7.9 + 6.7 percent
of the lymphatics (range, 2.6 to 19.5 percent).
These two layers combined contained up to 17.4
+ 7.9 percent (range, 10.9 to 30.9 percent) of the
abdominal wall lymphatics. These deep lymphat-
ics were consistently located in the deepest one-
third of the abdominal wall, with a mean distance
from the muscle fascia of 34.2 + 2.1 percent of
the total thickness (range, 30.2 to 37.2 percent)
(Fig. 2 and Table 1).

Although neither the deep nor the superficial
subcutaneous fat contained lymphatics, blood ves-
sels were common (Fig. 3). There was no correlation
between the patient’s current or maximum body
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Fig. 1. No lymphatic vessels were observed in the superficial or
deep fat layers (D2-40).
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Fig. 2. Lymphatic vessels are also observed in the loose areolar
tissue (D2-40).
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Table 1. Measurements of Lymphatic Density in the Deep Abdominal Wall

Deep Abdominal
Depth of Density of Density of Areolar Lymphatics

Scarpa Fascia Scarpa Fascia Tissue (Scarpa Fascia plus
Patient BMI (%)* Lymphatics (%) Lympbhatics (%) areolar tissue) (%)
1 28.3 36.0 8.3 2.55 10.85
2 34 33.9 11.42 19.49 30.91
3 28.7 30.2 8.81 8.15 16.96
4 28.8 33.8 7.06 4.99 12.06
5 30 37.2 11.43 4.77 16.21
Average 29.9 34.2 9.4 8.0 17.4

*Depth expressed as a percentage of total specimen thickness found between muscle and SFS.

mass index and lymphatic distribution or the rela-
tive location of the superficial fascial system. Lym-
phatic prevalence did not increase in the specimens
taken near the superficial inferior epigastric vein.

DISCUSSION

Seroma formation remains a frequent compli-
cation in body contouring surgery.'”*! The inci-
dence of fluid collection after abdominoplasty
varies among the reported series, with an overall
average of approximately 10 percent. The patho-
genesis of seroma has been attributed to many
potential mechanisms, including vascular and
lymphatic channel disruption, dead space forma-
tion, and the presence of shearing forces between
tissue planes. In addition, potential risk factors
correlated with seroma formation have included
bleeding, smoking, obesity, and mass of excised
abdominal skin.*** Although benign in nature,
seromas frequently cause discomfort and anxi-
ety in patients, generating frequent office visits,
procedures for treatment, and increased cost.
Prevention—defined as any possible measure that
reduces the chances of seroma formation—is the
ideal best treatment.>#2-2

Although the physiology underlying seroma
formation remains ill-defined, several thera-
peutic interventions have been reported to
significantly decrease seroma rates. Recent pub-
lications have advocated benefits of the lipoab-
dominoplasty technique, including a lower rate
of wound complications and seroma rates of 0
to 3 percent.!*7?%32 Generally cited principles
of this technique include limited supraumbili-
cal undermining with selective liposuction of the
lower abdomen to spare deeper structures.'”
Graf et al. demonstrated that limited epigastric
undermining preserves vascular perforators from
the deep epigastric system.” Fang et al. found
decreased seroma formation with the elevation
of a more superficial skin flap.*® Presumably,
decreased dead space and preservation of vascu-
lar and lymphatic structures contribute to lower
seroma rates. Another approach has been the
addition of quilting sutures between the abdomi-
nal flap and underlying fascia as advocated by
Pollock and Pollock®*** and Le Louarn and Pas-
cal.?” In a 597-patient series, Pollock and Pollock
reported only a single seroma after the placement
of 10 to 18 progressive tension sutures.” In con-
trast to lipoabdominoplasty series, the authors
attributed the decrease in seromas primarily to
flap immobilization and decreased shear between
tissue planes.

Our study sought to identify abdominal lym-
phatics by immunohistopathology. We focused on

AN anatomical landmarks that have been advocated

1 to be relevant to abdominoplasty (i.e., skin, sub-

cutaneous tissue, superficial fascial system, and

‘ S - areolar tissue). We were able to reliably identify
K_ : the lymphatic architecture of both the abdominal

Fig. 3. Lymphatic vessels in the superficial fascia primarily
accompany adjacent veins and arteries (D2-40).

dermis and fascial layers. We examined specimens
that were near the superficial epigastric vessels to
look for any parallel collector system travelling
with the superficial vasculature. These regions
did not have an increased number of lymphat-
ics, suggesting that although lymphatics often
accompany small vessels within the fascial layers,
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they appear to drain to central, deeper lymphatic
systems rather than converging back to collectors
near large vascular structures such as the superfi-
cial epigastrics.

As expected, the superficial and deep fat pock-
ets had the smallest volume of lymphatic chan-
nels (Fig. 4). Lymphatics were most prevalent in
the superficial and deep dermis. Although only
one-fifth of abdominal lymphatics were found in
the fascial layers, they may be significant. Because
of technical limitations, the diameter of the lym-
phatic vessels within each layer cannot be calcu-
lated precisely, but based on the study by Felmerer
et al., these plexuses within the fascial layers may
represent larger collector systems.” From a clini-
cal perspective, we define these two fascial layers as
the deep abdominal lymphatic system, as both run
in the deepest third of the abdominal wall, a find-
ing that was consistent regardless of the body mass
index or body habitus of the patients in this study.

The lymphatic network is a complex system
composed of variably sized vascular channels lined
by specialized endothelial cells, which drain inter-
stitial fluid and lymph from peripheral tissues and
return them to the venous system for recircula-
tion.**¥ Our knowledge of the lymphatic system
is limited, especially in the field of gross anatomy.
Pan etal. and Suami et al. have contributed impor-
tant data regarding the lymphatics of the upper
torso, head and neck, and upper limb using radio-
graphic lymph injection techniques.”** Because

Dermis

Superficial fat

Scarpa’s fascia

Deep fat

Loose areolar
tissue
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of the technical challenges associated with this
specific region, there are relatively few data ana-
lyzing the lymphatic architecture of the abdomi-
nal wall.

Felmerer et al. used intradermal injections of
Turnbull blue in fresh abdominal samples and
demonstrated only superficial lymphatic chan-
nels that were located adjacent to the dermis and
travelling parallel to the surface. Because of tech-
nical limitations, they were not able to demon-
strate any lymphatics deeper than the dermis in
the abdominal flap.* Postmortem visualization
of lymphatic vasculature of the abdomen is also
very difficult for the same reason (i.e., the sig-
nificantly smaller diameter of the collector ves-
sels in the abdominal region as opposed to the
extremities). The development of an immuno-
histochemical stain for lymphatic vessels there-
fore represents an exciting step forward in the
study of lymphatic architecture.

Although this anatomical study confirms
the presence of deep lymphatic vessels, several
additional questions still need to be answered.
First, because only approximately 17 percent of
lymphatic vessels are in the deep tissue, is this
density of channels sufficient to clear depen-
dent fluid from the dead space? Second, if the
sub—Scarpa tissues are liposuctioned, will lym-
phatic channels retain function? Lastly, if dissec-
tion above the Scarpa fascia does impact seroma
rates, is the benefit attributable to preservation

% Lymphatics

Average depth
of lymphatics
= 66% of wall
thickness

Fig. 4. Schematic diagram of the relationship demonstrates the lymphatic system across

the different layers of the abdominal wall.
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of lymphatics or to changing the interface of the
tissues from subcutaneous fat against fascia to
subcutaneous fat against a fat layer? Future stud-
ies should address these questions of significant
clinical relevance.

CONCLUSIONS

In this study to define the superficial and deep
lymphatics of the anterior abdominal wall, we
found that the majority of lymphatic vessels were
seen in the dermis, with approximately one-fifth
appearing near fascial layers. The Scarpa fascia
and its lymphatics are generally found at approxi-
mately two-thirds of the total depth of the abdomi-
nal wall specimen. The findings of this study may
provide a rationale for clinical reports of lower
seroma rates with preservation of the Scarpa fascia
during abdominoplasty. Further studies are nec-
essary to assess how effective lipoabdominoplasty
methods are at functionally preserving these struc-
tures and correlate these anatomical findings with
patient outcomes.
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