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Conclusions: SNMP has the potential to both actively 
preserve and enhance overall preservation of forelimbs in a 
swine model. It may provide the crucial enabling technol-
ogy for tissue preservation, transport, and eventual trans-
plantation of VCAs.
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INTRODUCTION: Oxygen is a potent modulator of cell 
function and wound repair in vivo. Hypoxia can enhance the 
production of specific extracellular matrix components and 
increase angiogenesis through the hypoxia-inducible fac-
tor-1 pathway. However, in vivo, very few cells within the 
body experience ambient (21%) oxygen tension. Thus, for 
clinically relevant tissue-engineered pre-vascularized skin 
flaps, hypoxic conditions can be exploited for promoting 
angiogenesis. We sought to identify the ideal oxygen ten-
sion in which to fabricate our novel, pre-vascularized tissue 
constructs containing a vascularized 1 mm diameter micro-
channel lined with human cells.

MATERIALS AND METHODS: Vascular networks were 
fabricated by sacrificing Pluronic F127 macrofibers in type 
I collagen with encapsulated human foreskin fibroblasts 
(HFF1) and human placental pericytes (HPPL) at a density 
of 1 x 10^6 cells/mL, respectively. Twenty-four hours fol-
lowing fiber sacrifice, 5 x 10^6 cells/mL of human aortic 
smooth muscle cells (HASMC) and 5 x 10^6 cells/mL of 
human umbilical vein endothelial cells (HUVEC) were 
seeded sequentially into the patent luminal space. Subse-
quently, 48 hours after fiber sacrifice, 1 x 10^6 cells/mL 
of human epidermal keratinocytes (HEK) were topically 
seeded onto scaffolds. Scaffolds were incubated at 1.5%, 
5.0%, or 20.0% oxygen, underwent daily media changes, 
and were analyzed after 7 and 14 days in culture.

RESULTS: Macrochannels were successfully lined with 
HUVEC and HASMC, generating anatomically appro-
priate neointimal and neomedial layers by as early as 
day 7. The most robust cellular linings were seen in con-
structs incubated in 5.0% oxygen. Immunohistochemi-
cal analysis revealed CD31+ HUVEC along the luminal 
surface of the macrochannel, and α-SMA expressing 
HASMC in the subendothelial plane. Furthermore, pro-
liferation of HFF1 was evident as early as 7 days after 
seeding. HEK proliferated leading to the formation of 
a stratified epidermal layer along the construct surface 
and fibroblast specific-1-expressing fibroblasts within 
the “neo dermis.”

CONCLUSION: Hypoxic conditions promote increased 
angiogenesis and vascular stability in our tissue engineered, 
pre-vascularized skin flaps without detrimental effects on 
other flap cellular constituents. With a built-in vascular net-
work, vital epidermal (HEK) and dermal (HFF1, collagen) 
components, these full-thickness, tissue engineered skin 
scaffolds hold tremendous promise as a platform to aid in 
evaluating cellular responses to changing oxygen concen-
trations in parallel to generating tissue-engineered flaps of 
clinically relevant sizes.

Disclosure/Financial Support: The authors 
have no financial interests in this manuscript.

Radiological and Histological 
Assessment in Perforator Flap 
Microvasculature Following Pretreatment 
with Topical Negative Pressure Therapy: 
An Experimental Rat Model

Anita T. Mohan, MRCS BSc, Soyun M 
Hwang, BSc; Lin Zhu, MD; Gregory 
Michalak, PhD; Alexis Laungani, MD; 
Andrew Vercnocke; Jill L. Anderson; 
Joseph Grande, MD; Allen Bishop, MD; 
Steven L. Moran, MD, FACS; Michel  
Saint-Cyr, MD

Background: Surgical delay and ischemic pre-
conditioning have been traditionally used to precon-
dition flaps to render flaps more vascular and resistant 
to changes in their microcirculation. Negative pressure 
wound therapy (NPWT) has been extensively in clinical 
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practice and associated with angiogenesis and acceler-
ated wound healing. This experimental model evaluated 
topical negative pressure as a mechanism for non-inva-
sive preconditioning for perforator flap microvascularity 
and perfusion.

Methods: Two gluteal perforator flaps (matched con-
trol and intervention) were designed on sixteen 400g 
Sprague-Dawley male rats. NPWT was applied to the flap 
area directly continuously at -125mmHg for 7 days, after 
which the rats were divided into two principal groups. 
Group A (n=8) underwent 4D computed tomographic and 
angiography (CTA) with a body volume perfusion proto-
col after NPWT and euthanized. Group B (n=8), control 
and intervention flaps were raised, isolated on a single 
pedicle and laid back down and monitored for a further 
7 days. Group B flaps were assessed using laser-assisted 
indocyanine fluorescence angiography before surgery, fol-
lowing flap harvest and at 7 days prior to euthanasia. Half 
of all rats in each group were analyzed with Micro-CT to 
assess the microvasculature. All paired specimens were 
assessed histologically with H&E and immunohistochem-
istry (IHC).

Results: There was a 17% increase in CT tissue perfu-
sion in skin treated with NPWT versus matched controls 
(P=0.001). LA-ICGFA demonstrated higher perfusion fol-
lowing NPWT treatment (P=0.006), however no signifi-
cant difference immediate post flap harvest (P=0.19) but 
a difference was seen 7 days postoperatively (P=0.03). 
Micro-CT evaluation showed an increase in average vessel 
volume (%) from 0.005 in control to 0.009 in the NPWT 
flaps (P=0.04).H&E analysis showed significant differ-
ence in the epidermal thickness (P<0.001), but compa-
rable dermal thickness (P=0.34).Quantitative analysis of 
CD31 IHC demonstrated a mean area fraction percentage 
of 4.30 and 2.68 in the NPWT and control flaps respec-
tively (P=0.002).There was partial necrosis in the control 
(n=3) and NPWT flaps (N=1), however this was <5% in 
the NPWT flap.

Conclusion: We present novel multimodal approaches 
using static and dynamic imaging and histological assess-
ment to provide a proof of concept on the use of NPWT 
for non-invasive conditioning of flaps. The study provides 
the basis for further investigation and clinical studies with 
potential for direct translation into clinical practice.
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Purpose: Ischemia time represents a significant limita-
tion for successful extremity replantation and transplantation 
because of the rapid deterioration of ischemic muscle. Static 
cold storage (SCS) of the limb is the standard clinical practice. 
Normothermic ex vivo perfusion system has the potential to 
prolong viability providing oxygen and metabolites after limb 
amputation. The aim of our study was to establish a perfu-
sion protocol with limb specific diagnostic tools to evaluate 
the quality and uniformity of perfusion in an ex vivo model.

Methods: A total of 18 swine limbs were perfused, five 
of them followed the final, optimized protocol. Limbs were 
perfused at 39OC for twelve hours using an oxygenated 
colloid solution with packed red blood cells. Glucose and 
electrolytes were kept within physiologic range by the addi-
tion of hypertonic solution or by partial hypotonic perfusate 
exchanges. Limb specific perfusion quality was assessed 
by muscle contractility upon electrical nerve stimulation, 
compartment pressure, creatine kinase(CK) and myoglo-
bin concentrations, tissue oxygen saturation (near infrared 
spectroscopy), indocyanine green (ICG) angiography, and 
infrared radiation emission by thermographic imaging.

Results: All five limbs reached the 12 hour perfusion tar-
get maintaining normal compartment pressure (16.23 ± 7.94 
mmHg), minimal weight increase (0.54%±0.07), mean mus-
cle temperature of 33.54 ± 1.5oC, and tissue oximetry read-
ings of 59.67%±10.21. Average values of final myoglobin 
and CK were 875 ± 291.4 ng/mL, and 53344 ± 14850.34 U/L, 
respectively. Muscle movement was present in all limbs 
until cessation of perfusion. Differences in uniformity and 
quality of distal perfusion were demonstrated using ther-
mography and angiography imaging after 12 hours of perfu-
sion. Colder areas on Thermographic imaging correlated to 
mal perfused areas on ICG angiography.


