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A‘ssessment and preservation of the
integrity of the skin is a basic nurs-
ing function. Yet, little if any research
has been directed towards expanding
nursing knowledge in this area. The flow
of blood through the skin is presumed
to be an indicator of the general health
and developmental state of patients
(Heuther & Jacobs, 1986). Nursing ob-
servations such as pallor, blotching,
cyanosis, or dryness of the skin are man-
ifestations of some fascinating and inter-
esting microvascular, physiologic
phenomena. These can be studied,
quantified, and characterized. Nurses
can develop the necessary research skills
to investigate microcirculation in a labo-
ratory setting, This discussion is focused
on the use of an in vivo animal model to
study skin microcirculatory phenomena
and proposed possible applications for
nursing research.

A New Nursing Inquiry: The pro-
cess of local homeostasis depends on
the specific properties of the microvas-
culature (Wiedeman, Tuma, & May-
rovitz, 1981). It is at the microcirculatory
level that nurtritive exchange occurs.
Tissue viability and function are depen-
dent on microcirculatory hemodynamics
which include the pressure and flow
within the microvessels. Nursing clinical
observations are indirect manifestations
of these hemodynamics. Many nursing
interventions are directed towards the
maintenance of skin integrity; such as,
turning every two hours to prevent
pressure sores, light massage, or appli-
cation of compresses. Nursing assess-
ment of the skin reflects indirect changes
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Figure 1. The Ear

Notk: The three main arterioles enter at the base of the
ear, Three venules (not shown) run alongside the arteri-
oles. Occasional secondary branches communicate with

the main vessels.

attributable to multisystem disease.
Blood flow through the skin is likely to
be affected by acute or chronic alter-
ations in circulatory or neurological
functions, nutritional states, and the ag-
ing process. The complex microcircula-
tory characteristics in each organ system
affect the outcomes of many therapeutic
interventions. Nurses have long consid-
ered the relationship of these factors.
Patients at risk for skin breakdown are
identified and appropriate intervention
and teaching plans designed to maintain
skin integrity. The bases for our knowl-
edge regarding skin care can be en-
hanced with microcirculatory research.

The study of skin microcirculation al-
lows the examination of the dynamics of
blood flow under physiological and
pathological conditions so that the effi-
cacy of nursing interventions can be
evaluated.

The macro-level assessment of the
skin has been helpful in making judge-
ments about underlying circulatory sta-
tus. However, refinement of many
nursing interventions can be significant-
ly aided by initial microcirculatory stud-
ies using a reproducible, noninvasive
animal model.

Homozygous Hairless Mouse Ear
Model: The use of an animal ear model
was first described by North and Sanders
(1958). The homozygous, hairless
mouse ear model has been considered
superior and used by many investigators
(Barker, Hammerson, Bondar, et al.,
1989; Eriksson, Boykin, & Pittman,
1980; Boykin, Eriksson, & Pittman,
1980). The adult homozygous hairless
mouse (Charles River Laboratories), 12
to 16 weeks old, weighs approximately
35-40 gm. The ears measure approxi-
mately 18 to 20 mm from the base to
the tip and is 300 um thick. The surface
area of each ear is about 6% of the ani-
mal’s total body weight. The ear consists
of two skin layers made up of sparse,
striated muscle cells; connective tissue
separates this from a thin layer of carti-
lage. The outer skin of the ear is pink
and the vascular network is prominently
displayed as illustrated in Figure 1.

Typically, three arterioles enter
and exit at the base of the ear. Sec-
ondary branches running alongside
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the main vessels have been observed
in several animals (Mayrovitz, Moore,
& Sorrentino, 1990). These, in turn,
branch to the precapillary arterioles,
capillary loops, and postcapillary venules.
The capillaries frequently biturcate to
circumscribe the hair follicles. Occa-
sional intermittent capillary flow and
flow reversals are also observable. As
in the skin of human digits, the ear
contains many arteriovenous anasto-
moses with a diameter of 10 to 12 um
(Eriksson, Boykin, & Pittman, 1980).
The preparation of the animal for
observation is not complicated and re-
quires no surgery. Nembutal (6.0
mg/100 g.bwt) is given intraperitoneally
with a maintenance dose givén every
two hours. With the animal under full
effects of the anaesthesia, its ear is posi-
tioned on a slide mount. One ear can be
used for treatment and the other used
as control. Observations may be con-
ducted while the animal is housed in a
Plexiglas observation chamber (Boykin,
Eriksson, & Pittman, 1980). From our
experience, this limits access to the ex-
perimental site. We have found that the
use of a regular slide with a standard
microcoverglass over the ear provides
more than adequate observation area.
Further, this minimizes time involved in
positioning the animal and the ear.
When doing comparative studies, it is
important to measure and/or control the
ear temperature. The examination un-
der a trinocular microscope is done with
a video camera mounted on top for
recording data. A block diagram in Fig-
ure 2 shows the system. This allows the
experiment to progress smoothly with
data analysis completed at a later time.
We used the homozygous, hairless
mouse ear as a model to quantitatively
characterize the effects of ischemiaon the
microvasculature (Sorrentino & May-
rovitz, 1990). The uniqueness of this mod-
elliesinbeingable to documentall
;f)lhenomenasuchasblood flowvelocity,
ow time, vessel diameters, and capillary
topography viavideo camera before, dur-
ing, and afterischemia. In addition, it al-
lows follow-up. Thereis tremendous value
in making actual observations durin%‘the
experimental treatment. In this case, liga-
tion of supplying arteries to induce zero
flowto defined capillaries, is verifiable and
documented. Where most experimental
models require extensive surgical prepara-
tion, this method is simple and inexpen-
sive. The mouse s also fully recoverable
for chronic studies (Barker et al., 1989;
Mayrovitz, Moore, & Sorrentino, 1990).
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Figure 2. Data Acquisition and Analysis System
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Results from animal experiments may
be extrapolated to humans with caution.
The examination of the wound healing
process using the homozygous, hairless
mouse model is one example of how Jab-
oratory studies can be used to examine
efficacy of nursing treatments. The posi-
tive or negative outcomes of treatments
can be documented and quantified.
Nursing treatments may include the type
of dressing used, the exposure to light,
the use of warm compresses or emol-
lients. Answering research questions in
this regard may enlighten us in identify-
ing appropriate nursing policies, proce-
dures, and standards of care.

Model Use in Nursing Research:
Many nursing concepts or abstractions
such as pallor, blanching, cyanoss, granu-
lation, or mottling are manifestations of
certain disease states. For example, in
burn injury, we observe variations in the
affected tissue. We observe differences in
granulation and color of tissue. In pres-
sure ulcers and following reconstructive
vascular surgery, ischemia of skeletal
muscle and skin is a common clinical
problem (Sack, Hammerson, & Mess-
mer, 1987). Nursing treatments have
been directed at prevention of further tis-
sue damage, as well as facilitating the
healing process. The examination of mi-
crocirculatory changes associated with in-
jury and healing in the skin can be studied
using the homozygous hairless mouse ear
model to provide a better understanding
of why healing occurs under certain con-
ditions and not in others. One factor is
the supply of blood to an injured area.
This has been identified as a crucial fac-
tor for tissue regeneration in the wound
(Baker & Nastuk, 1986). The normal and
delayed healing process of skin wounds

may be examined. The parameters in an
experimentally induced injury on the ear
can be compared to control values on the
opposite ear as control. Repeated vital
microscopic observations of the healing
process can allow follow-up that en-
hances understanding of how pathophys-
iology affects the microcirculatory level
and how specific nursing interventions
affect healing, For example, we can study
the effects of occlusive wound dressings
(Darr, Lalagos, & Upman, 1989) and
compare this to a moist environment for
wound healing (Alvarez, Rozint, & Wize-
man, 1989). Nurses can examine factors
in impaired wound healing (Stotts, 1986),
in particular, open surgical wounds
(Stotts, 1990) and exudating pressure
sores (Motta, 1989). Although these stud-
ies did not utilize the hairless mouse ear
model, the phenomena under examina-
tion can, indeed, be done using the ani-
mal model described herein.

In diabetes, the skin circulation is al-
tered to the extent that poor skin turgor,
dryness, and lesion formation occur.
Even the process of wound healing may
be affected and thus, is an area for in-
vestigation (Bondar, Barker, Galla, Uhl,
& Messmer, 1988). Diabetes can be in-
duced using this animal model. Again,
manifestations of blood flow in the set-
ting of diabetes can be observed and
quantified and the effect of interven-
tions such as emolients, compresses, or
pharmaceuticals assessed.

The study of skin microcirculation
using the ear of the homozygous hair-
less mouse allows us to explore re-
search questions in microcirculation
which ordinarily may not be answered
using human subjects. It enables con-
trol over many confounding variables
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and can allow extrapolation to human
microcirculation, an open area for
nursing research. NR
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CALL FOR PAPERS

Fourth National Conference
on Research for Clinical Practice

Key Aspects of Caring for the
Chronically Ill: Hospital and Home

N

\

Nurses in hospitals, long-term care, community settings, and home health
play key roles in caring for the chronically ill—from neonates to the
elderly—and in helping these patients and their families maintain quality
of life. Nurses deal with acute episodes, ease transitions between hospital
and community, and promote functional independence. They assist fami-
lies and patients to deal with high-tech home care, manage complex
regimens and live with persistent problems. Summaries of research on
these key aspects of continuing care for the chronically ill are solicited
for a national conference and volume of research and discussion. The
conference, to be held in Chapel Hill, NC, April 23-25, 1992, will bring
together researchers, clinicians, and administrators to examine current
research and practice in caring for the chronically ill and to explore
strategies for moving the new knowledge into practice. Presenters will be
provided a small honorarium. The conference is sponsored by the Univer-
sity of North Carolina at Chapel Hill School of Nursing, Alpha Alpha
Chapter of Sigma Theta Tau, and the Southern Nursing Research Society.
Five-page summary submission deadline is October 15, 1991. Contact
Ruth Wiese, School of Nursing, CB# 7460 Carrington Hall, University of
North Carolina, Chapel Hill, NC 27599-7460, 919-966-2263.
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