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Application of subatmospheric pressure to sites injected with doxorubicin
prevented ulcer formation in treated sites (0 ulcers/16 sites) compared to
control wounds (10 ulcers/16 sites) in a pig model.
Background and Objectives: Extravasation of doxorubicin hydrochlo-
ride (Adriamycin) frequently causes chronic ulcers, which usually prog-
ress and expose underlying structures such as tendons and bone. The exact
mechanism of action that causes cell death and the chronic ulcers is
unknown.
Methods: Eight sites were injected intradermally with doxorubicin on
each of 4 pigs. Four sites on each animal served as untreated controls. The
remaining four sites were exposed to 125 mm Hg subatmospheric pressure
applied 1 h after injection. The sites were observed on a three times per
week schedule. Sites that did not develop ulcers were re-injected up to a
total of four injections. The animals were observed for 5 weeks.
Results:Ten of sixteen control sites developed ulcers. No subatmospheric
pressure treated sites developed ulcers. The incidence of ulcer formation
was significantly less for treated wounds compared to control wounds at
P < 0.001 by Fisher’s exact test.
Conclusions:This physical modality appears to successfully prevent ulcer
formation after doxorubicin injection.
J. Surg. Oncol. 1999;72:14–17. © 1999 Wiley-Liss, Inc.

KEY WORDS: doxorubicin; extravasation; vacuum; swine model; wound
healing

INTRODUCTION

Doxorubicin hydrochloride (Adriamycin), an anthra-
cycline antibiotic, is a potent antineoplastic agent used to
treat solid tumors and hematologic cancers. An infre-
quent but potentially severe complication of treatment
with doxorubicin is skin and tissue necrosis secondary to
extravasation. These ulcers frequently progress and ex-
pose deeper structures, such as tendons, ligaments, and
joints than would be expected by the initial appearance of
the ulcer [1]. Complete prevention of extravasation in the
affected patient population is difficult due to the mobility
and fragile nature of the veins, the often limited number
of injection sites, superior vena cava syndrome (with

associated elevated venous pressure), and lymphedema
secondary to surgery and radiation in the axilla [2–4].
Extravasation is usually accompanied by a burning or
stinging sensation or local swelling, so infusions should
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be discontinued immediately when one of these signs is
noted. The presence of one of these signs often allows for
definitive identification of the time of injury.

Once introduced into the local tissues, anthracyclines
intercalate into DNA, indirectly inhibit the activity of
topoisomerase II, form reactive intermediates that can
covalently bind to macromolecules, may generate free
radicals, and may induce apoptosis [5–11]. However,
which of these actions, singly or in combination, causes
skin necrosis is not known. As a result of the uncertainty
of the mechanism of injury, a single definitive treatment
has not been identified. Both physical and chemical treat-
ments have been advanced, with varying and sometimes
contradictory results depending on the animal model and
clinical setting [2,12–19].

On the basis of the uncertainty of the mechanism of
action of doxorubicin and a successful history of treat-
ment of a variety of envenomation injuries by application
of subatmospheric pressure, we designed the present
study to determine the efficacy of local application of
subatmospheric pressure to intradermal doxorubicin in-
jection sites in the pig model.

MATERIALS AND METHODS

Four 20-kg Chester pigs were obtained and housed for
1 week before the study began, to allow the animals to
acclimate to the housing conditions. On the day of injec-
tion, the animals were sedated with an intramuscular
cocktail of ketamine:acepromazine (22/1.1 mg/kg). The
backs of the animals were shaved. One milliliter of a 2
mg/ml solution of doxorubicin hydrochloride was in-
jected intradermally with a 25-gauge needle into the tis-
sue 3 cm lateral to the spine [12–16]. A gloved finger
was placed over the injection site for 30 sec to prevent
any fluid from escaping from the injection site. Eight
sites were injected, four on each side of the animal. A
minimum of 5 cm separated each injection site within
groups, and a minimum of 8 cm between groups. The
anterior four sites were untreated controls and the pos-
terior four sites were exposed to subatmospheric pres-
sure. After the initial injections, the epidermis was per-
forated by two holes created with a 2-mm biopsy punch,
although no tissue was removed. This was performed to
allow a path for egress of the injected doxorubicin solu-
tion. The epidermis was not additionally perforated fol-
lowing any subsequent injections.

The four anterior sites were covered with gauze. The
four posterior sites were covered with a subatmospheric
pressure dressing (The V.A.C.™; Kinetic Concepts, San
Antonio TX). The sites and dressing were covered with
an adhesive thin film dressing to create an air-tight seal.
The backs of the animals were covered with a protective
plastic saddle, and the saddle was covered with a tubular
cotton bandage. The tubing for the subatmospheric pres-
sure dressing was wound several times around the neck

band of the tubular dressing to minimize disruptive
forces on the dressing. The tubing was then suspended
from the top of the cage and attached to a microprocessor
controlled V.A.C.™ pump. For 1 h after injection, sub-
atmospheric pressure (125 mm Hg) was continuously
applied to the posterior injection sites.

The animals were sedated at 48-h intervals and the
wounds examined for evidence of tissue necrosis and
ulcer formation. Sites that did not develop an ulcer by 7
days after the initial injection were reinjected with an
additional 1 ml of a 2 mg/ml solution of doxorubicin.
Sites that did not develop an ulcer by 14 days after the
initial injection were reinjected with 2 ml of a 2-mg/ml
solution of doxorubicin. Similarly, sites that did not de-
velop an ulcer 21 days after the first injection were re-
injected with 2 ml of a 2-mg/ml solution of doxorubicin.
The animals were observed for an additional 14 days (35
total days).

The ulcers were counted and the size of each ulcer was
measured at weekly intervals for 5 weeks. Statistical
analysis consisted of Fisher’s exact test for comparison
of number and size of ulcers present in control group vs.
the subatmospheric pressure treated group, with signifi-
cance accepted atP # 0.01.

RESULTS

For nontreated control sites, 10 ulcers developed over
the course of the study at the 16 injection sites. Ulcer size
ranged from 15.7 to 471.3 mm2, with a mean size of
175.3 mm2 ± 156.8 mm2, as measured 7 days after the
first recorded disruption in epithelium. Two ulcers were
present 7 days after the initial injection. An additional 2
ulcers had developed by day 14 after initial injection (1
additional injection of 2 mg doxorubicin). Three addi-
tional ulcers had developed by day 21 after initial injec-
tion (one additional injection of 2 mg and one of 4 mg of
doxorubicin). The final 3 ulcers developed by 28 days
after the initial injection (one additional injection of 1 mg
and two injections of 4 mg of oxorubicin). No additional
ulcers had developed by day 35 following the initial in-
jection.

For the subatmospheric pressure–treated injection
sites, no ulcers developed at any time during the course
of the study.

Statistical analysis by Fisher’s exact test was signifi-
cant atP < 0.001 for comparison of the number of ulcers
present at the control sites (n4 10) vs. the number
present at the treated sites (n4 0). Similarly, the ulcers
in the control group (173.3 ± 156.8 mm2) were signifi-
cantly larger than the ulcers in the treated group (0 mm2)
at P < 0.001 (Fisher’s exact test).

DISCUSSION

Ulcers that develop secondary to extravasation of
doxorubicin hydrochloride often progress and expose
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deeper structures, greatly increasing the severity of the
injury. The ulcers do not reach their maximum size for
several weeks, and the rate of healing of the established
ulcers is extremely slow. A wide variety of treatment
regimens has been proposed, including both physical and
(bio)chemical interventions. Physical interventions to
prevent ulcer formation include elevation of the extrem-
ity and intermittent application of local cooling, which
both decreases the local metabolic rate and inhibits the
action of doxorubicin by an unknown mechanism [20].
Surgical excision has been proposed for both ulcer pre-
vention and treatment of established ulcers [21]. The ex-
act mechanisms of action by which doxorubicin causes
the local tissue necrosis is unknown, thus (bio)chemical
interventions have focused on both trying to reduce local
inflammation (e.g., by administration of steroids or dap-
sone) and prevention and scavenging free radicals (e.g.,
by administration of DMSO) [2,9,10,12–19,21].

Because of the uncertainty of the mechanism of action,
this study was designed to use a physical modality to
remove the doxorubicin before an ulcer could become
established. The modality examined the effects of the
application of subatmospheric pressure to sites of in-
trademal doxorubicin injections in a young pig model.
The similarity of the dermal microarchitecture of young
pig skin to human skin and the tight-skinned nature of
pigs makes them the model of choice for investigations
of cutaneous lesions [22]. Additionally, the skin of young
pigs is closest to human skin in regard to diffusion prop-
erties of the commonly used animal models [23]. A
V.A.C.™ wound healing device was used to apply a
controlled (125 mm Hg) vacuum to the injection sites
[24,25]. According to basic laws of diffusion, molecules
migrate to create a homogeneous concentration of the
molecules. We postulated that by applying a continuous
vacuum to the surface of the skin, migration of the mol-
ecules of doxorubicin through the epidermis into the
vacuum space would be enhanced. Thus, the concentra-
tion of the doxorubicin in the tissues would be below the
threshold required to develop necrotic lesions.

The vacuum was applied to the injection sites 1 h after
the sites were injected. This was done to simulate the
projected time it would take from notification that an
extravasation incident had occurred to procure a
V.A.C.™ pump from hospital supplies, apply the
V.A.C.™ dressing, and apply subatmospheric pressure to
the site. Several of the sites had to be injected more than
once in this model to develop an ulcer. While the major-
ity of the control site did develop ulcers (10 of 16), none
of the subatmospheric pressure–treated sites did. The fact
that not all control sites developed ulcers after the initial
injection seems to be a limitation of the model, although
previous reports of intradermal injection of 1 mg of
doxorubicin did cause ulceration and were the basis of
our model.

It does appear that the physical modality of application
of subatmospheric pressure to sites deliberately injected
with doxorubicin was successful at preventing ulcer for-
mation. The mechanism of action is most likely due to
the enhanced diffusion gradient that is formed, which
causes the doxorubicin molecules to migrate out of the
underlying tissues through the epidermis into the vacuum
dressing. Creation of holes through the stratum corneum
to facilitate diffusion does not appear to be necessary, as
those sites injected more than once did not have any
additional routes of egress created (as was done with the
initial injection), and the subatmospheric pressure–
treated sites still did not develop any ulcers.

This technique has the potential to prevent the forma-
tion of many of these very difficult-to-treat ulcers,
greatly improving the quality of life for these patients
compared to patients who do develop ulcers. In addition,
in this time of increasing concern over cost of care, this
preventative modality is more economical than treatment
of established ulcers.
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