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This study was designed to test the efficacy of enriched
cell culture medium as a wound dressing. The rationale
was to create within the wound space an optimal micro-
environment, concucive to cellular proliferation, vascular
granulation tissue formation, and epithelialization. This
study was performed on various wounds that failed to
respond to previous conventional treatments.

A total of 288 wounds were within the inclusion criteria,
with only contaminated and neoplastic wounds excluded.
Most of the patients (80 percent) were ambulatory, and
the wounds were examined by the attending physician
once every 7 to 14 days at an outpatient clinic. The re-
maining 20 percent of patients were admitted to the study
while hospitalized.

Cell culture medium MCDB, supplemented with insu-
lin, thyroxin, and growth hormone, was gelled. The gel
was self-applied once a day to freshly washed wounds,
covered with a gauze pad, and anchored with netting.

Healing started 7 to 14 days after the initiation of treat-
ment with enriched cell culture medium. However, the
criterion for success of the treatment was determined on
complete wound closure, which was achieved in 189 of 288
wounds (65.6 percent). Wound closure was correlated
with the initial wound volume, stage, and origin. The
average time required for closure of wounds caused by
systemic pathologies (n = 181) and those based on re-
gional status (n = 107) were 12.0 and 4.1 weeks, respec-
tively, compared with 290 and 10.3 weeks of the previous
conventional treatment. In 19 extensive wounds, when
vascularized granulation tissue was established, a success-
ful surgical closure was attained.

Most wounds of patients who did not continue the
enriched cell culture medium treatment (34.4 percent)
manifested reduced wound volume, ranging from 11 to 98
percent of initial volume. Discontinuation of treatment
was associated with difficulties in reaching the clinic for
the weekly examination, rather than for reasons directly
related to the treatment itself, and occurred significantly
earlier during the treatment period.

Thus,. enriched cell culture medium was effective in
stimulating wound healing in recalcitrant wounds. The

healing was rapid with minimum scarring and pain. No
side effects or allergic reactions were reported or
observed.  (Plust. Reconstr. Surg. 108: 104, 2001.)

Wound healing as a physiological phenome-
non was investigated extensively. The succes-
sive phases of the process were studied in de-
tail, and the pathophysiology of wounds that
failed to heal was also described.!

It is well documented that the status of the
wound cells depends, to a great extent, on the
microenvironment of the wound,*® which in
turn is dependent on the supply of blood-
borne nutrients and the clearing rate of the
metabolic by-products of the wound cells. In
wounds in which the vascular supply or drain-
age is undermined, the lack of nutrients is
combined with accumulation of cellular me-
tabolites and tissue debris. As a result, the heal-
ing process is impeded and the wound be-
comes a hospitable site for microorganism
infestation. Reversing this process requires an-
tiseptic and/or antibiotic treatment to clear
the infection. However, once the wound is clin-
ically clean, it is believed that the purpose of
the treatment should be changed to answer the
need to improve the wound cellular microen-
vironment. The repair and remodeling require
a sufficient supply of precursors and cofactors
as well as sufficient energy supply to drive the
process.’

The use of topically applied enriched cell
culture medium as a treatment for wounds
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provides the cells in the wound with physiolog-
ically balanced substrate consisting of nutri-
tional and hormonal components, which are
necessary for cellular activation and growth.
Previous animal studies’ using tissue culture
technology in vivo allowed for optimization of
the media formulation to achieve acceleration
of the wound healing process and was based on
use of MCDB medium, which supports keratin-
ocytes growth in vitro. It was found that three
nonsteroidal anabolic hormones added to the
cell culture medium acted synergistically to ac-
celerate the wound healing. Previous pilot clin-
ical trials® showed that topical application of
this enriched medium formulation stimulated
healing of chronic ulcers.

In this study, enriched cell culture medium
was employed as an accelerator of wound heal-
ing in various wound types, both chronic and
nonchronic, which previously failed to respond
to commonly accepted treatment modalities.
Unlike most methods that target the elimina-
tion of wound-healing suppressors, this treat-
ment introduces a novel approach—the stimu-
lation of the healing process, overcoming
factors that hinder healing such as under-
mined blood supply.

PATIENTS AND METHODS

Patient Population

This study was approved by our affiliated
hospital institutional review board (Helsinki
Committee). All participants signed an in-
formed consent form.

Participants were male and female patients
who suffered from wounds on any part of the
body. These patients were under continuous
medical care in outpatient clinics or hospitals.
All the wounds were previously treated with
conventional methods, such as topical antisep-
tics, antibiotics, anti-inflammatory medica-
tions, surgical debridement, split skin grafting,
hydrocolloids, occlusive dressings, hyperbaric
oxygen therapy, and other modalities, but
failed to reach closure. In fact, the physicians
referred only patients who did not respond to
conventional treatments. During the screen-
ing, the patients were examined by the attend-
ing physician, and most of the wounds were
included in this study. The exclusion criteria
stipulated ncoplastic and contaminated
wounds.
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Wound Categories

The origins of specific wounds were classi-
fied into two major categories: (1) vascular
insufficiency and systemic diseases and (2) sta-
tus after surgery, trauma, and others. These
categories are related to the conditions that
contribute to wound formation and affect the
wound-healing process. Wound penetration
was classified into four stages: Stage I repre-
sents superficial wounds in which epidermis
and some dermis were damaged; stage II in-
cluded the dermis and subcutancous tissues;
stage III denotes exposure of muscle tissues;
and stage IV involves deeper damage with in-

jury to muscle, ligament, and/or bone.

Enriched Cell Culture Medium

MCDB medium supplemented with insulin,
thyroxin, and growth hormone was gelled in
sterile 3% hydroxyethylcellulose and stored re-
frigerated in 20-ml syringes.

Treatment

The patients were given oral and written
instructions to wash the wound daily with anti-
septic soap and rinse it under running water.
Treatment was self-administered once a day.
The enriched cell culture medium gel was ap-
plied to the wound bed (1 ml/cm?), covered
with sterile cotton gauze, and anchored with
netting. No adhesives were used. In the few
cases in which edema was found, pressure gar-
ments or elastic bandages were applied. When
progress in the healing process was halted, a
biogram of the wound exudate was taken. An-
tiseptic treatment was applied temporarily for 1
to 2 weeks and then the enriched cell culture
medium treatment was resumed. These were
usually cases in which admission to the study
was conditioned on pretreatment with
antiseptics.

valuation

The patient medical history, specific wound
origin, vascular status and specific wound clin-
ical data, and the surrounding skin condition
were recorded. The wound was then measured
and photographed. The patient was examined
in the outpatient clinic every 7 to 14 days, at
which time the wounds were evaluated, mea-
sured, photographed, and redressed. Fol-
low-up after wound closure extended over 12
weeks. The chi-square test, Student’s ¢ test, and
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survival analysis were used for statistical
processing.

RESULTS

A total of 214 patients, 131 men and 83
women, were within the inclusion criteria and
admitted into the study. About 25 percent of
the patients had more than one wound, result-
ing in a total of 288 wounds and an average of
about 1.3 wounds per patient.

The origins of specific wounds were classi-
fied into two major categories: 181 wounds in
the vascular insufficiency/systemic disease cat-
egory and 107 were wounds after surgery,
trauma, or other. The various major patholo-
gies accounting for the presence of the wounds
and their incidence are shown in Table I.
About one third (n = 58) of wounds in the first
category were diabetic, half of which were as-
sociated with vascular insufficiency; the other
68 percent were nondiabetic ulcers associated
mainly with venous insufficiency. In the post-
surgical/trauma category, about half (n = 57)
were postsurgical wounds with the other
wounds divided equally between trauma and
burn. Some of the patients in this category
were diabetic, but this was not the primary
cause of wound formation.

It is well accepted that the leg and foot are
predisposed to chronic ulcers, and this is em-
phasized by the fact that the vast majority of
our patients suffered from chronic wounds of
the leg and foot. In the vascular insufficiency/
systemic disease group, almost all wounds (97
percent) were located in the leg and foot; in
the postsurgical/trauma group, about half of
wounds (55 percent) were found at those sites.

Age of participants varied between 2.5 and
90 years. The age and cause of wounds were
highly correlated. Patients suffering from
wounds caused by vascular insufficiency or sys-
temic disease were significantly older (p <
0.01) than patients with postsurgical/trauma
wounds, with average ages of 63.9 and 47.6
years, respectively.
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Previous treatment duration extended over
weeks, months, and, in 28 percent of all
wounds, even years. Previous treatment for vas-
cular insufficiency/systemic disease wounds
lasted significantly longer (p < 0.001) than
treatment of postsurgical/trauma wounds, with
averages of 64.4 and 2.3 months, respectively.

The wounds failing to reach closure, al-
though previously treated with various modal-
ities for rather extended periods, were then
treated with enriched cell culture medium.
The onset of the healing process was first no-
ticed 7 to 10 days after the start of the treat-
ment, when the color of the wound bed began
to change from whitish/gray to pink, an indi-
cation of the vascular response in the wound
bed. As the healing progressed, both vasodila-
tation and onset of neovascularization were
observed. Once initiated, the growth of vascu-
larized granulation tissue proceeded, filling
the wound space until a viable substratum was
formed to support epithelialization. Growth of
epithelium started as the wound edges became
attached to the substratum and advanced as a
front, which eventually covered the entire
wound. The healing cascade, once started, rap-
idly gained momentum until just before the
final wound closure. At that time the rate of
epithelialization slowed down until final clo-
sure was attained. It is important to note that
wound healing with enriched cell culture me-
dium was not accompanied by excessive scar-
ring. Even burn wounds yielded smooth, color-
less scars.

All 288 wounds treated with enriched cell
culture medium demonstrated initiation of
healing. However, for 99 wounds— 80 of which
were caused by vascular insufficiency or sys-
temic disease—treatment was discontinued be-
fore reaching a complete closure (Table II).
Yet, some decrease in wound volume, ranging
between 11 and 98 percent of initial volume,
was measured during the treatment period. In
63 wounds, relocation and/or unrelated med-
ical problems were the cause for discontinua-

TABLE I
Classification and Frequency of Wounds

Vascular insufficiency and systemic disease (n = 181)

Surgical, Traumatic, and Other (n = 107)

Venous insufficiency (83)

Vascular + diabetes (34)

Vascular insufficiency (arterial or venous and arterial) (29)
Diabetes (24)

Other (pressure, scleroderma, radiation) (11)

Surgical wounds (56)
Burns (26)
Trauma (25)
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TABLE II
Reasons for Discontinuing Treatment with Enriched Cell
Culture Medium

No. of
Reason Wounds % of All Wounds

Noncompliance 34 11.8
Relocation 32 11.1
Nonrelated medical or

psychological problems 31 10.8
Hypergranulation 1 0.35
Infection 1 0.35

tion of treatment. In about half of wounds (n =
53), treatment with enriched cell culture me-
dium was discontinued within 15 days after
admission to the study. In only two cases did
the attending physician terminate the treat-
ment: one because of infection and the other
because of hypergranulation. A local treatment
with cortisone reversed the hypergranulation.
Discontinuation of treatment was associated
with aging. In the postsurgical/trauma cate-
gory, average age in the discontinued group
was 54.5 years compared with 45.2 years in
patients reaching a complete closure (p =
0.031). However, in the vascular insufficiency/
systemic disease group—in which the average
patient was older than in the postsurgical/
trauma group—wounds that were closed and
those where treatment was discontinued exhib-
ited similar average age.

All remaining wounds in the study (n = 189;
99 from vascular insufficiency/systemic disease
and 90 after surgery, trauma, or other)
rcached complete closure after treatment with
enriched cell culture medium. Wound closure
was found to be closely correlated with wound
origin. Frequency of wound closure was signif-
icantly (p < 0.001) higher in the postsurgical/
trauma group compared with the vascular in-
sufficiency/systemic disease group; complete
closure was attained in 84.1 percent of wounds
in the former group and in 58.9 percent of
wounds in the latter group.

In 19 cases of large vascular insufficiency/
systemic disease wounds, split skin grafting was
successfully enabled after a substratum of vas-
cularized granulation tissue was formed. Two
of the successfully grafted patients had dchis-
cent split skin grafting before treatment with
enriched cell culture medium. Because the clo-
sure of these 19 wounds involved a surgical
intervention in addition to this treatment, they
were excluded from the statistical analysis. The
remaining 170 wounds treated with cell culture
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medium attained complete closure with no ad-
ditional intervention. The latter included three
patients with dehiscence of previous split skin
grafting.

The time required to achieve complete
wound closure with enriched cell culture me-
dium was significantly (p < 0.001) shorter in
postsurgical/trauma wounds than for vascular
insufficiency/systemic disecase wounds (Fig. 1).
Average duration of cell culture medium treat-
ment resulting in complete closure was 12 and
4.4 weeks for vascular insufficiency/systemic
disease wound types and postsurgical/trauma
wound types, respectively. Previous treatment
duration of wounds varied as well, with aver-
ages of 64.5 and 2.3 months (290 and 10.3
weeks), respectively. With enriched cell culture
medium treatment, the long-standing chronic
wounds finally closed in a relatively short pe-
riod of time. When treatment was discontin-
ued, its duration was longer than the average
time of treatment required for complete clo-
sure (Fig. 1, insert). Whereas complete closure
was attained in vascular insufficiency/systemic
disease wounds on the average after 12 weeks,
in wounds in which treatment was discontin-
ued, thus recorded as not closed, treatment
duration was only 5.5 weeks (p < 0.001). Sim-
ilarly, closure of postsurgical/trauma wounds
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Fic. 1. Enriched cell culture medium (ECCM) treat-
ment duration in postsurgical/trauma (STO) and vascular
insufficiency/systemic disease (VIS) wound groups. Insert
denotes average treatment duration in closed and non-
closed wounds.
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FiG. 2. Stage-dependent duration of enriched cell culture
medium (ECCM) treatment. STO, postsurgical/trauma
wounds; VIS, vascular insufficiency/systemic disease wounds.

required 4.4 weeks of treatment, and nonclo-
sure was associated with a shorter duration of
treatment with enriched cell culture medium
of 1.9 weeks (p = 0.041). Neither duration of
treatment with cell culture medium nor prob-
ability of closure was related to previous treat-
ment duration.

Average duration of treatment with enriched
cell culture medium was highly correlated with
the wound stage (Fig. 2). Stage I ulcers, in
which epidermis and some of the dermis were
damaged, required significantly (p < 0.001)
shorter treatment duration than stage IV ulcers
in which muscle, ligament, and/or bone was
exposed. This trend was common to both types
of wounds, although actual duration of treat-
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ment was longer in the vascular insufficiency/
systemic disease group. Time to complete heal-
ing was three times longer in stage IV
compared with stage I in vascular insufficien-
cy/systemic disease ulcers and four times
longer in postsurgical/trauma ulcers.

The average initial wound volume was found
to be partially related to closure. Initial volume
of closed wounds was smaller than nonclosed
wounds. In the postsurgical /trauma group, ini-
tial volume of closed wounds was significantly
(p = 0.024) smaller than that of nonclosed
wounds, with volumes of 7.5 and 37.6 ml, re-
spectively. On the other hand, in closed and
nonclosed wounds caused by vascular insuffi-
ciency or systemic disease, closure was inde-
pendent of the initial wound volume, with val-
ues of 3 and 4.1 ml, which did not differ
significantly.

CASE REPORTS

Case 1

A 44-year-old man was hospitalized with multiple wounds
on the dorsum of the right foot due to arterial and venous
insufficiency (Fig. 3, left). Initial antiseptic treatment lasted 4
weeks, and 3 weeks of treatment with enriched cell culture
medium yielded complete closure of all wounds (Fig. 3, right).

Case 2

A b7year-old man with diabetes mellitus and gangrene of
the foot presented with a postsurgical wound after amputa-
tion of the first left toe (Fig. 4, leff). One week of previous
treatment consisted of systemic antibiotics and topical anti-
septics. After 9 weeks of treatment with enriched cell culture
medium, complete closure was attained (Fig. 4, right).

Case 3

A 68-year-old man suffering from non-insulin-dependent
diabetes mellitus and varicose veins of the right leg was op-
erated on for great saphenous vein extirpation. He developed
an infected scar wound (postsurgical) that did not heal for 9
weeks despite surgical debridement and treatment with an-

FiG. 3. (Left) Multiple arterial and venous insufficiency ulcers of 4 weeks duration on the
dorsum of the right foot. (Right) Completely healed wounds following 3 weeks of treatment with
enriched cell culture medium. Note the smooth skin and minimal scarring.
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Fi6. 4. (Left) One week after surgical amputation of the first left toe because of gangrene in
a diabetes mellitus patient. (Right) Complete wound closure following 9 weeks of treatment with
enriched cell culture medium.

tiseptics and systemic and topical antibiotics (Fig. b, left). Six
weeks of treatment with enriched cell culture medium
achieved complete closure (Fig. 5, right).

Case 4

A 62-year-old man was hospitalized with bilateral second-
and third-degree burns on the soles of his feet (Fig. 6, left).
He suffers from insulin-dependent diabetes mellitus with
neuropathic changes. He had been treated previously with
antiseptic solution for 1 week. Treatment with enriched cell
culture medium lasted 6 weeks until complete closure was
achieved (Fig. 6, right).

Case 5

A 62-year-old man with insulin-dependent diabetes melli-
tus with neuropathic changes and arterial insufficiency pre-
sented with a phase IV heel ulcer (Fig. 7, leff). Previous treat-
ment using antiseptics and topical antibiotics lasted 14
months. Treatment with enriched cell culture medium for 5
months yielded complete closure (Fig. 7, right).

Case 6

A 7h-year-old man with non-insulin-dependent diabetes
mellitus presented with a 12-year-old chronic atrophic and
pressure ulcer (vascular insufficiency/systemic disease) of the
metatarsal area of the left foot (Fig. 8, leff). Previous treatment
included antiseptics and topical antibiotics. Complete wound
closure was achieved after 4 months of treatment with en-
riched cell culture medium (Fig. 8, right).

DISCUSSION

This study demonstrates that topically ap-
plied enriched cell culture medium stimulated
the onset and supported the healing process of
varied types of wound that previously failed to
respond to conventional methods. The cascade
of wound-healing process, once initiated, was
followed by formation of vascularized granula-
tion tissue and epithelialization, leading to
complete wound closure. Duration of wound
care was thus significantly reduced using en-
riched cell culture medium. The time required
for complete wound closure was dependent on
wound origin, depth of penetration, volume,
location, age, general health, and other
factors.

All 288 wounds reported in this study re-
sponded positively to treatment with enriched
cell culture medium. Within 7 to 14 days, a
notable color change of the wound bed was
observed, indicating onset of vascular reaction.
However, although only 65.6 percent of
wounds attained complete closure, the results
of this study claim higher success in light of the
failure of previous treatments to induce heal-

FiG. 5. (Left) Scar ulcer of 9 weeks duration on the medial aspect of the right thigh following
great saphenous vein extirpation to relieve varicosity. Note skin discoloration around the wound.
(Right) Complete wound closure was attained after 6 weeks of treatment with enriched cell
culture medium. Note the improved skin coloration around the wound.
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Fic. 6. (Left) A bilateral neuropathic second- and third-degree burn of the metatarsal arcas
in a diabetes mellitus patient. (Right) Complete healing of the burns was accomplished in 6 weeks
of treatment with enriched cell culture medium. Note the absence of scarring and the smooth

skin in the affected areas.

FiG. 7. (Left) A deep atrophic ulcer of 14 months duration on the lateral aspect of the left
heel in an insulin-dependent neuropathic patient suffering from diabetes mellitus. (Right) Com-
plete wound closure was achieved after 5 months of treatment with enriched cell culture medium.
Follow-up after 1 year showed that the wound remained closed.

ing. The patients who dropped out and did not
attain wound closure had significantly shorter
treatment duration compared with patients
who continued treatment until complete clo-
sure. The majority of those patients (66 per-
cent) discontinued the treatment in less than 1
month.

Despite the discontinuation of treatment,
some improvement in wound status and vol-
ume was measured. The above might indicate
that an extended treatment period would have
resulted in an increased success rate of wound
healing.

Discontinuation of treatment was attributed
to various factors that were not related to the
treatment itself but rather associated with dif-
ficult in accessibility. Age, nonrelated medical
or psychological problems, and location of
wounds that in many cases were in the lower
extremities are some of the factors that re-
duced patients’ mobility. Their dependence
upon adequate transportation limited their
ability to regularly visit the clinic for examina-
tion by the attending physician. The dropout
rate of 34.4 percent observed in this study may
also be associated with the broad-based inclu-

sion criteria. The constant suffering, imposed
immobility, reduced quality of life, and depres-
sion associated with recalcitrant wounds of the
lower extremities should not be overlooked.
These may also contribute to the patients’ re-
luctance to comply with the prolonged tedious
treatment required to achieve complete wound
closure.

Healing of wounds is a process that is af-
fected by multiple factors such as anatomic
location, wound size, depth, presence of si-
nuses or tunnels, cause of the wound, and
general health. The most important factor that
critically influenced both probability and rate
of wound closure was, as expected, the cause of
the wound. All wounds in this study were con-
sidered chronic wounds (static or progressive)
and difficult to heal, although they had been
treated for extended periods of time before
the treatment with enriched cell culture me-
dium. A chronic, problematic wound can re-
sult from both local and systemic factors that
impair wound healing. Therefore, we em-
ployed a different terminology for wound clas-
sification. Dividing the wounds into two cate-
gories (those caused by vascular insufficiency
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FiG. 8. (Left) A chronic atrophic and pressure ulcer of 12 years duration, on the metatarsal
surface of the left foot in a patient with non-insulin-dependent diabetes mellitus. (Right) Treat-
ment with enriched cell culture medium lasted 4 months when complete wound closure was
attained.

or systemic disease and those that occurred
after surgery, trauma, or other) rather than
relying on the commonly used terminology of
chronic and nonchronic wounds was based on
the rationale that the prevailing environmental
factors in and around the wound greatly affect
the healing process. Recalcitrant hard-to-heal
wounds are most likely to develop because of
vascular insufficiency or systemic disease, be-
cause the blood supply and/or metabolism are
undermined, whereas conditions for wound
healing after surgery or trauma are less hostile.
Indeed, both enriched cell culture medium
and previous treatments were found to be of
significantly longer duration in vascular insuf-
ficiency/systemic disease wounds compared
with postsurgical/trauma wounds, and this re-
flects the relevance of the assumption in cate-
gorizing the wound types.

In the hard-to-heal wounds, especially those
from vascular insufficiency and systemic dis-
ease, the wound cells exist in a delicate equi-
librium between survival and nonsurvival. It
was postulated that treatment with enriched
cell culture medium would tilt the balance to-
ward survival by providing an improved micro-
environment. Chronic wounds need to be pro-
vided with adequate stimulus to healing. The
repair process, once initiated, cannot be effi-
cient in the absence of a supportive physiologic
environment.” The action of enriched cell cul-
ture medium is twofold: stimulation and sup-
port. The treatment was designed to address
these two functional requirements with the
three hormones acting as stimulants and the
cell culture medium providing the supportive
microenvironment. It was previously shown’ in
an animal model that the combination of these
two components rather than each of them

alone significantly accelerated wound healing.
Treatment with cell culture media adapted for
the requirements of the specific cells is already
being used in wound healing. Autologous ker-
atinocytes are grown in vitro and then grafted
to accelerate regeneration of epidermis in ex-
tensive burn wounds.'’** The enriched cell
culture medium treatment is actually a similar
tissue culture technique being implemented in
the wound site itself. Whether the medium acts
directly on proliferation, migration, and bio-
synthesis of wound cells or indirectly by stimu-
lating the synthesis of locally acting growth
factors and cytokines,'* the result is the same—
the wound cells can avail themselves of the
newly created substrate and become metaboli-
cally active.

Once the wound bed is stimulated and revi-
talized, final epithelialization proceeds. Epithe-
lial cells migrate from the edge and proliferate
to form a seal over the wound. Both rate of
healing and wound size dictate the length of
treatment needed to attain complete closure.
Therefore, success of wound closure was re-
lated, among other things, to its initial volume.
The larger the volume, the lower the chance of
closure. In the postsurgical/trauma wounds,
the average initial wound volume of nonclosed
wounds was five times more than that found in
the closed wound, whereas their treatment du-
ration was about half. However, in vascular
insufficiency/systemic disease wounds, treat-
ment time required for wound closure was
more than twice that found in the nonclosed
wounds, and the volume differences were mi-
nor. Furthermore, although the initial volume
of closed wounds was similar for both wound
categories, the time elapsed until complete
healing of vascular insufficiency/systemic dis-
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ease wounds was about three times longer than
that of postsurgical /trauma wounds. This indi-
cates that the limiting factors of the healing
process are different for both types of wounds.
The postsurgical/trauma volume-dependent
wound healing rate is fast, whereas vascular
insufficiency/systemic disease wounds have a
slower rate of healing. Thus, the prolonged
treatment required for healing of wounds
caused by vascular insufficiency or systemic dis-
ease is more likely to be attributed to the time
necded for stimulation and revitalization of the
wound and the adjacent area, rather than to
the process of final closure. However, for post-
surgical/trauma wounds, the volume-depen-
dent time to healing suggests that given longer
treatment duration, the wounds would have
attained a complete closure. Alternatively, sur-
gical intervention could, within a reasonable
time frame, yield complete closure as well. In-
deed, in 11 cases of vascular insufficiency/
systemic disease wounds, closure was success-
fully achieved by split skin graft. The success of
the surgical intervention was enabled by treat-
ment with enriched cell culture medium,
which stimulated growth of vascularized gran-
ulation tissue substratum essential for graft
take. Topically applied cell culture medium
was reported to increase the percent of skin
graft take in athymic mice as well.'?

Eighty-nine percent of the wounds included
in this study were classified as stage III or IV
wounds. The stage-dependent prolonged heal-
ing is attributed to the pronounced soft-tissue
defect that extends into the deep layers, form-
ing sinuses and, in extreme cases, reaching the
bone. Such defects are difficult to clean and
thus are a source of continuous and repeated
infections, often leading to extended treat-
ment periods. In addition, epithelialization will
be hindered in the absence of extracellular
matrix. The gel stimulation of the granulation
tissue proliferation is important in providing
scaffolding for the epithelial growth. Indeed,
wound healing was stage-dependent and
deeper wounds required longer cell culture
medium treatment.

In addition to its nutritional benefits, the gel
also creates a moist and permeable environ-
ment,'®!% which is the natural substrate for cel-
lular survival. Dehydration, on the other hand,
causes scab formation, which in turn interferes
with epithelialization and wound closure. Espe-
cially in extensive burn wounds, hydration is
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paramount in reducing the hazard of both top-
ical and systemic dehydration. The patients re-
ported pain relief within a few minutes after
application of the gel.

There was a remarkably low incidence of
contamination during treatment with enriched
cell culture medium, especially in light of re-
petitive contamination manifested in many of
these chronic wounds, which were treated with
antiseptics before the cell culture medium
treatment. Only one patient had to discon-
tinue this treatment because of infection,
which was deep-seated and therefore not diag-
nosed before the start of the treatment. This is
even more exceptional because infection, be-
ing one of the major factors that interfere with
wound healing, is usually the cause for a
wound becoming chronic.'”® One of the pos-
sible explanations is that the daily change of
dressing and gel had a sponging action similar
to that found with other hydrocolloids, permit-
ting mild debridement and removal of the sub-
strate with the bacteria. In additdon, bacterio-
logic tests conducted in our laboratory
(unpublished data) demonstrated that, com-
pared with blood agar, the enriched cell cul-
ture medium gel does not readily support bac-
terial growth. Moreover, the concomitant
growth of vascular components within the
granulation tissue improved the function of
the immune system with increased infiltration
of immune system cells involved in the inflam-
matory process and in the elimination of bac-
terial contamination. In addition, angiogenesis
increases exposure of the wound to circulating
cells such as platelets, leukocytes, and macro-
phages. These cells are activated and release
growth factors that further accelerate the heal-
ing process."”

In conclusion, application of a physiologi-
cally balanced nutritional substrate enriched
with three nonsteroidal anabolic hormones
was effective in stimulating the cascade of
wound healing in both vascular insufficiency/
systemic disease and postsurgical/trauma
wounds. Shortening of the treatment period is
an advantage associated with enriched cell cul-
ture medium treatment. Further controlled
clinical trials are indicated.

Prof. Ella Lindenbaum
344 Hampton Place
Blaffton, S.C. 29910
samnella@hargray.com
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