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ound healing is a complex process of
tissue restoration1,2 that can either
lead to fibrotic tissue replacement
(scarring) with limited functional

restoration or to the restoration of natural tissue
with normal structure and function. An accepted
goal of modern wound care includes facilitating the
healing response toward the restoration of function-
al tissues. This goal is accomplished by providing a
conducive environment for wound healing through
the means of maintaining wound hydration,3 offer-

ing thermal insulation, and providing protection
from infection. 

Current standard of care for venous ulcers pro-
vides these benefits, but many ulcers still fail to heal
and become chronic wounds.4–7 This poor success
rate burdens society with monthly healthcare costs
estimated at approximately $2400 for each venous
leg ulcer.8,9 The estimated annual treatment costs in
the United States for hard to heal wounds is in
excess of $1 billion.11 It has also been noted that
medical costs per episode are distributed evenly
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Abstract: Recently developed wound care biomaterials derived from natural tissue sources have
been shown to improve wound closure by stimulating granulation tissue deposition and epithelization of
dermal wounds. These products may offer significant advantages to other available treatments for the
management of venous ulcers. One such biomaterial, derived from porcine small intestinal submucosa
(SIS), has shown promise as an effective treatment to manage full-thickness wounds. This is an interim
analysis of a prospective, randomized, controlled, clinical trial currently being conducted to examine
the effectiveness of SIS wound matrix in treating full-thickness venous leg ulcers. Patients meeting inclu-
sion criteria were randomized to either receive treatment with the SIS wound matrix or a standard of
care therapy. Ulcer size was determined at enrollment and weekly throughout treatment. Healing, as
defined by full epithelization, was assessed at each visit for a period of up to 12 weeks. Complete
wound closure within 12 weeks is the primary outcome measure. In this interim analysis, the authors
include results from the first 84 evaluable patients enrolled in the trial. The authors found 71 percent of
venous ulcers healing at 12 weeks with SIS compared to 46 percent with standard care, a significant
group difference. The authors conclude that, in this subset of patients, the SIS wound matrix showed a
higher incidence of wound closure as compared to standard of care treatment. 
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throughout treatment, suggesting
that reducing the time to healing
could result in a substantial
decrease in the total amount of
healthcare dollars required to care
for wounds that fail to heal.11

Thus, novel wound care alterna-
tives that shorten the time to heal-
ing or result in increased overall
healing rates are desired. 

Wound care materials derived
from biologic sources have been
shown to effectively promote
granulation and epithelization of
dermal wounds.12,13 In addition,
biologic wound products have been shown to effec-
tively regulate evaporation and exudation and to
effectively protect the wound site from bacterial
infection. One such biologic wound care product, a
biomaterial derived from the pig small intestine
submucosa (SIS) (Oasis®, Healthpoint Ltd., Ft.
Worth, Texas), has been extensively evaluated in
pre-clinical models and in clinical use since its
unique properties were first reported in 1989.14

This novel material, a thin, translucent layer of
the intestine, is approximately 0.15mm thick and
consists primarily of a collagen-based extracellular
matrix (ECM). However, unlike other purified col-
lagen wound care products, other components of
the ECM, such as glycosaminoglycans (i.e.,
hyaluronic acid),15 proteoglycans, fibronectin,16 and
other matrix-associated factors, including basic
fibroblast growth factor17 and transforming growth
factor-beta18 are retained. 

The first clinical report of the use of SIS to treat
partial-thickness skin wounds was published in
2002.19 A total of 14 patients with wounds were
evaluated using the SIS wound matrix. Wounds re-
epithelized within 10 weeks with minimal scar for-
mation. It was further reported that in none of the
14 patients did the SIS wound matrix show signs of
toxicity, clinical signs of rejection, or cause sub-
epithelial seroma formation as the wounds pro-
gressed to full healing. 

In this current investigation, the authors deter-
mined whether treatment of full-thickness venous
leg ulcers with this collagen-based extracellular
matrix SIS wound matrix would lead to a greater
proportion of healed ulcers at 12 weeks versus stan-

dard care alone. Herein, the authors present interim
data from this prospective, randomized clinical trial
to assess the effectiveness of the SIS wound matrix
in the treatment of full-thickness venous leg ulcers.

Methods

This prospective, randomized, controlled clinical
trial is being conducted at multiple institutions across
the United States and Canada. Currently, 84 patients
have been enrolled, have completed the treatment
protocol, and are considered evaluable for this inter-
im analysis. 

The study protocol and informed consent state-
ments were reviewed and approved by either an
independent institutional review board (IRB) or each
study location’s governing IRB. Prospective patients
suffering from chronic venous insufficiency, as diag-
nosed by clinical presentation, and signing the
informed consent were considered for inclusion if
they met the additional criteria presented in Table 1.
In addition to the inclusion criteria outlined in Table
1, all patients who met the criteria were required to
undergo a two-week screening period prior to being
enrolled. During the screening period, the target
ulcer was treated with standard care and compres-
sion therapy. Ulcers that exhibited a greater than 50-
percent reduction in surface area during the screen-
ing period were excluded from the trial. This screen-
ing period was designed to limit the study to only
those patients having venous leg ulcers that would
not quickly heal with compression therapy alone. 

Patients were excluded from the trial for any of
the following: arterial disease (ankle brachial index

Table 1. Summary of patient inclusion criteria 

Variable

Patient age

Ulcer size

Ulcer depth

Ulcer duration

Ulcer location

Wound bed characteristics

Criteria

≥18

1-64cm2

Extends through both the epidermis and dermis

>1 month

Between and including the knee and ankle

Viable wound bed with granulation tissue
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(ABI) less than 0.80); any known medical condition
known to impair wound healing (vasculitis, rheuma-
toid arthritis, or other collagen vascular disease, mal-
nutrition [albumin <2.5mg/dL], cellulitis,
osteomyelitis, necrotic or avascular ulcer beds,
uncontrolled congestive heart failure, uncontrolled
diabetes [HgB A1c>12%], sickle cell disease); taking
concomitant medication known to impair wound
healing (corticosteroids, immune suppressives); a
history of radiation therapy to the wound site; aller-
gy to porcine products; clinical signs of infection;
undergoing hemodialysis; or having religious or cul-
tural objections to the use of porcine products.

Treatment of Ulcers

Patients were randomized to receive either the SIS
wound matrix or a standard of care. The standard of
care consisted of weekly wound cleansing, debride-

ment (as necessary), dressing changes, and compres-
sion therapy. During the dressing change, wounds
were cleansed with gentle irrigation and covered
sequentially with a nonadherent dressing and a mul-
tilayer compression bandaging system. 

All patients randomized to receive the SIS wound
matrix (Figure 1) received the same dressing materi-
al, compression therapy, and type of care as patients
randomized to the standard of care. The only differ-
ence between the groups was the added application
of the SIS wound matrix directly onto the wound bed
prior to the application of the other dressing materi-
als. To apply the SIS wound matrix to the wound
bed, ulcers were routinely cleaned, the sterile SIS
wound matrix was cut to size slightly larger than the
ulcer, placed upon the wound bed, and moistened
with sterile saline. Secondary dressings were then
applied after placement of the SIS to further protect
the healing environment and to maintain direct con-
tact of the SIS wound matrix with the wound bed.
Repeat applications of the SIS wound matrix were
applied weekly during a clinic visit. 

Endpoints

The primary outcome measure was the incidence
of complete wound healing by 12 weeks. Complete
wound healing was defined as full epithelization of
the wound with the absence of drainage. Patients
whose wounds completely epithelized before 12
weeks stopped receiving treatment and were consid-
ered healed. Patients whose wounds failed to com-
pletely epithelize by 12 weeks were considered not
healed and were given the choice of alternative
treatments.

Secondary outcome measures will be examined
following complete enrollment. These endpoints
include the following: costs to healing; time to com-
plete epithelization; rate of wound closure; adverse
events; and ulcer recurrence during a six-month fol-
low-up period. Ease of use and clinician satisfaction
with the SIS wound matrix are also being recorded.

Statistics

The trial has been designed to allow detection of a
20-percent difference between treatment and control
groups, with a five-percent alpha risk and an 80-per-
cent study power. Following complete data analysis

Figure 1. Pictured here is the SIS Wound Matrix. The
prepared SIS is an acellular collagen-based wound care
product approximately 0.15 mm thick. A) Gross Image;
B) H&E, Original Magnification, 100X.
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the authors will be able to examine both the primary
and secondary outcome measures. In this interim
analysis, the authors report on only the primary out-
come measure, the proportion of healed ulcers at 12
weeks in each group, and compare them using Fish-
er’s Exact Test.

Results

Patients. Blind, prospective, randomization of
study participants was used to eliminate bias in the
assignment of treatment groups. To date, 84 patients
have completed the 12-week treatment protocol out
of the targeted enrollment of 180. Basic baseline
patient characteristics for those included in this inter-
im analysis are included in Table 2. Wound duration
prior to onset of the study is also reported in Table 2
and found to be no different between
groups. Study groups are also balanced with
respect to patient age and gender. 

Healing at 12 Weeks. Healing (complete
epithelization with the absence of drainage)
at 12 weeks was measured. At this stage of
the trial, 71 percent (32/45) of patients
receiving SIS wound matrix were considered
healed versus 46 percent (18/39) of patients
receiving standard of care alone (Table 3).
The result demonstrates that the incidence of healing
in the group treated with SIS wound matrix is signifi-
cantly improved as compared to standard of care
(p=0.018).

Discussion

Standard care treatments for venous leg ulcers
include weekly wound cleansing, debridement (as
necessary), dressing changes, and compression
therapy. This standard of care has been reported to
lead to healing after 12 weeks in only 34 to 40 per-
cent of patients.6,20 The standard of care used in this
study led to healing in 46 percent. A reason for
these poor results may well be the lack of any
remaining matrix in the wound bed. Wound care
products, such as SIS, that are derived from acellu-
lar ECM tissues and minimally processed to retain
the three-dimensional architecture and composition
of the ECM offer an ideal environment for healing
wounds.19 The complex composition of collagens,
proteoglycans, glycosaminoglycans, and other

ECM-associated factors found in the SIS wound
matrix15–23 should be able to provide the needed
native tissue architecture for the propagation of
new and healthy tissue, and a stable structure for
cell attachment, proliferation, and differentiation.19

This clinical trial has been designed to study the
effectiveness of SIS wound matrix for the manage-
ment of full-thickness venous leg ulcers. Initial clini-
cian feedback from this trial has revealed that the
wound matrix is easy to apply, is nontoxic, and
does not induce an adverse immunologic reaction,
even in patients given repeated applications. The
interim results demonstrate that placement of the
SIS wound matrix on ulcers results in a significant
improvement in 12-week healing rates compared to
currently used standard of care treatments. These
observations and initial clinical findings support
preclinical findings in animal models22 and support
the initial observations of effectiveness in the
human population.19 Results indicate that the SIS
wound matrix can be used to successfully manage
venous leg ulcers due to its protective properties,

Table 2. Baseline demographics for patients
included in this analysis

Age, years, mean ± SD

Gender
Male (%)
Female (%) 

Ulcer Duration
1–3 months
4–6 months
7–12 months
> 1 year
Unknown

SIS (n=45)

62±17
Range: 21–90

20 (44%)
25 (56%)

16 (36%)
7 (16%)
3 (7%)

16 (36%)
3 (7%)

Control (n=39)

65±16
Range: 41–91

17 (44%)
22 (56%)

11 (28%)
6 (15%)
3 (8%)

15 (38%)
4 (10%)

Table 3. Incidence of venous leg ulcer healing at 12 weeks

SIS

Control Strategy

Totals

Healed (%)

32 (71%)

18 (46%)

50

Not Healed (%)

13 (29%)

21 (54%)

34

Totals

45

39

84



improving the wound healing environment and the
ability to act as a natural template for tissue re-
growth may also play a role.23

Conclusion

A biomaterial derived from the submucosal por-
tion of porcine small intestine has been used suc-
cessfully in pre-clinical studies of wound healing
and in other surgical procedures where soft tissue
reinforcement is indicated. This SIS biomaterial has
now been developed into a wound care product
that improves healing of full-thickness venous leg
ulcers, compared to standard care, in a clinical pop-
ulation. This interim analysis was based on the
number of evaluable patients instead of the com-
plete intention-to-treat population, and thus the p-
value associated with the completed clinical trial
may be different. Nonetheless, these promising
results justify further evaluation of this biologic
matrix for its effectiveness in the treatment of these
and other types of wounds. 

References

1. Brown-Etris M. Measuring healing in wounds. Adv

Wound Care 1995;8:53–8. 

2. Calvin M. Cutaneous wound repair. WOUNDS

1998;10:12–32. 

3. Winter GD. Formation of scab and the rate of epithelial-

ization of superficial wounds in the skin of the domestic

pig. Nature 1962;200:377–8. 

4. Margolis DJ, Kantor J, Berlin JA. Healing of diabetic

neuropathic foot ulcers receiving standard treatment. A

meta-analysis. Diabetes Care 1999;22:692–5.

5. Ortho McNeill prescribing information for

REGRANEX, becaplermin gel.

6. O’Brien JF, Grace PA, Perry IJ, et al. Randomized clini-

cal trial and economic analysis of four-layer compres-

sion bandaging for venous ulcers. Br J Surg

2003;90:794–8.

7. Allman RM. Outcomes in prospective studies and clini-

cal trials. Adv Wound Care 1995;8(suppl):61–4.

8. Ramsey SD, Newton K, Blough D, et al. Incidence, out-

comes, and cost of foot ulcers in patients with diabetes.

Diabetes Care 1999;22:382–7.

9. Olin JW, Beusterien KM, Childs MB, et al. Medical costs

of treating venous stasis ulcers: Evidence from a retro-

spective cohort study. Vasc Med 1999;4:1–7.

10. Lyder CH, Shannon R, Empleo-Frazier O, McGeHee D,

White C. A comprehensive program to prevent pres-

sure ulcers in long-term care: exploring costs and out-

comes. Ostomy Wound Manage 2002;48:52–62.

11. Troyer-Caudle J, Harris AH. Home care for venous leg

ulcers. Home Care Provider 1996;1:119–28.

12. Leipziger LS, Glushko V, DiBernardo B, et al. Dermal

wound repair: Role of collagen matrix implants and

synthetic polymer dressings. J Am Acad Dermatol

1985;12:409–19. 

13. Gao ZR, Hao ZQ, Li Y, et al. Porcine dermal collagen as

a wound dressing for skin donor sites and deep partial

skin thickness burns. Burns 1992;18:492–6.

14. Badylak SF, Lantz GC, Coffey A, Geddes LA. Small

intestinal submucosa as a large diameter vascular graft

in the dog. J Surg Res 1989;47:74–80.

15. Hodde JP, Badylak SF, Brightman AO, Voytik-Harbin,

SL. Glycosaminoglycan content of small intestinal sub-

mucosa: A bioscaffold for tissue replacement. Tissue

Eng 1996;2:209–17.

16. McPherson TB, Badylak SF. Characterization of

fibronectin derived from porcine small intestinal sub-

mucosa. Tissue Eng 1998;4:75–83.

17. Hodde JP, Hiles MC. Bioactive FGF-2 in sterilized extra-

cellular matrix. WOUNDS 2001;13:195–201.

18. McDevitt CA, Wildey GM, Cutrone RM. Transforming

growth factor-b1 in a sterilized tissue derived from the

pig small intestine submucosa. J Biomed Mater Res

2003;67A:637–40.

19. Lindberg K, Badylak SF. Porcine small intestinal sub-

mucosa (SIS): A bioscaffold supporting in vitro primary

human epidermal cell differentiation and synthesis of

basement membrane proteins. Burns 2001;27:254–66.

20. Brown-Etris M, Cutshall WD, Hiles MC. A new bioma-

terial derived from small intestine submucosa and

developed into a wound matrix device. WOUNDS

2002;14:150–66.

21. Prevel CD, Eppley BL, Summerlin DJ, et al. Small

intestinal submucosa: Utilization as a wound dressing

in full-thickness rodent wounds. Ann Plast Surg

1995;35:381–8.

22. Badylak S. The extracellular matrix as a scaffold for tis-

sue reconstruction. Semin Cell Dev Biol 2002;13:377–83.

23. Falanga V, Sabolinski M. A bilayered living skin con-

struct (APLIGRAF®) accelerates complete closure of

hard-to-heal venous ulcers. Wound Repair Regen

1999;7:201–7.

22 WOUNDS: A Compendium of Clinical Research and Practice

DEMLING, ET AL.


