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ABSTRACT

ain must be managed during treatment of a patient with a chronic wound. Failure to do so will significantly

impair the patient’s ability to heal. Understanding the wound’s etiology is essential for designing the

wound-healing protocol and implementing its pain-management regimen, of which a critical part is the
chronic-wound patient’s self-assessed scores of pain and functionality. In this report we present a paradigm
for treating all chronic wounds, which was subsequently applied to 32 consecutive patients. Our integrated-
team approach to managing the treatment of wounds includes accurate evaluation of the progression of
patients’ pain. Directors of the pain-management team and wound team have jointly managed hundreds of
patients—ecither hospitalized or seen in both outpatient clinical practices. The three general categories for
etiologies of the 10 most common types of chronic wounds are: ischemia, neuropathy, and direct tissue damage
(e.g. pressure ulcers and venous stasis ulcers). Each of these are treated with unique analgesic regimens focused

on surgical/medical management of the wound: oral and parenteral medications in combinations designed to
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facilitate speciﬁc additive analgcsic effects and nerve blocks and implantable devices for correcting underlying

wound pathophysiology. Successful treatment of pain generally results in increased functional independence

and improvement of the patient’s quality of life. Our integrated wound-care, pain-management team, established

guidelincs that delineate the causes of chronic wounds and categorize treatment options for practical clinical

use. The expectation is that all pain should be resolved in all patients if both the wound-healing and pain-

healthcare providers use current technologies and drugs.

INTRODUCTION

The Joint Commission for the Accre-
ditation of Healthcare Organizations
(JCAHO) has published guidelines
mandating the assessment and treatment
of pain in hospitalized patients. They
emphasize the complexity and urgency
of treating pain, particularly in patients
with multiple comorbidities. Comorbi-
dities are often associated with chronic
wounds and the management of pain
for chronic wound patients is critical;
however, the JCAHO report does not
specifically address the pain experienced
by these patients, which can be substan-
tial. It is mandatory that during treat-
ment of a patient’s healing wound, pain
be managed simultaneously, with the goal
of attaining a painless hcaling wound.

The prevalence of chronic wounds in
the United States is estimated to be
approximately 6.5 million.2 More than
65% of wound-care patients experience
severe pain, with another 20% expe-
riencing mild-to-moderate pain.® Many
studies document the deficiencies asso-
ciated with treating both acute and
chronic pain. Reasons cited for inadequate
pain management of chronic wound pa-
tients by healthcare providers include lack
of trammg or knowledge of analgesics,
fear of side effects (e.g, fatigue, decreased
mental alertness) or addiction, and a
prevalent attitude that complete pain
relief is not a primary objective. Of the
patients treated by our team, no patient
had pain that ¢ .ould not be resolved. Signi-
ficant pain is not acceptable in any pa-
tient with a wound.

Currently, pain is often considered a
“fifth vital sign” in monitoring clinical
recuperation, especially in post-proce-
dural patients. Evidence indicates that
factors contributing to pain decrease the
immune response, with concomitant and
potentially deleterious effects on infec-
tion rates and the healing process.* Pain
management of a chronic wound is as

specific as the etiology of the chronic
wound itself. Just as protocols exist for
treating the various ('atcgorics of chronic
wounds, it is critical that a set of guide-
lines be established to manage pain in
chronic wound patients. In addition, these
guidelines can provide an objective as-
sessment of the extent of healing by noting
changes in analgesic requirements.
Through the use of these guidelines,
patients are expected to achieve 100%
healing as long as their wounds are iden-
tified and treated soon after onset and
no serious morbidity is present (e.g.,
ischemia or ostm)myclitis_).

We have designed an integrated team
approach to treat the pain frequently
associated with chronic wounds. The team
includes healthcare professionals expe-
rienced in both pain management and
wound healing. The basis of the team is
collaborative bedside rounds of two
physicians—the director of the pain team
and director of the wound team. Bedside
‘rounding’ of the hospitalized patients
with chronic wounds, numbering at a
minimum of 25 in patients at any given
time, gave both clinicians the opportu-
nity to understand each other’s treatment
ro.glmcn More importantly, it resulted
in enhanced quality of care and decreased
length of hospital stay for the treated
patients. The minimizing or elimination
of pain was a critical factor that contri-
buted to these results. Collaboration be-
tween the physician managing the pain
and the wound-care provider emphasizes
the importance of a team approach, which
ensures comprehensive patient manage-
ment. Each clinician maintains a unique
unde rstanding of wound padlophysiology
from the perspective of a particular field
of expertise, thus contributing signifi-
cant]y to the apprcpriate treatment regi—
men for each type of chronic wound and
its symptoms. Subsequently, this has re-
sulted in the current practice of patients
treated on an outpatient basis in the clini-
cal setting of either the director of the
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pain team or director of the wound-
healing team. The patient sees both physi-
cians once each month in the same office
simultaneously.

The specific pathogenesis of the cause
of pain has not been del ineated pre-
viously for most types of chronic w ounds,
To address this issue, we have reviewed
the ])athogem ses of these wounds as they
relate to pain. The guidelines we have
established for treating pain are derived

from the 10 most common causes of

wounds. The 3 broad categories of the
etiologies of pain in chronic wounds are:
ischemia, neuropathy, and direct tissue
damage (Table 1). These basic patho-
ph}blo]ogles have implications for select-
ing the appropriate pain-management
treatment.

ARTERIAL INSUFFICIENCY ULCERS

Arterial insufficiency ulcers, caused
by ischemia, are secondar y to partial or
Lomp](‘te occlusion (e.g., from accele-
rated arteriosclerosis) of the large vessels
to the lower limb. Of the patients who
present with ulceration and rest pain,
20% progress to amputation. g

Clinically, arterial insufficiency ulcers
often progress in parallcl with Lomplamts
of nocturnal foot pain. Ischemic rest pain
is described classically as burning pain in
the ball of the foot and toes, worse at
night when the patient is in bed.® These
ulcers occur frequently after minor
trauma and increase in size due to inade-
quate blood supply to the area. Physical
examination typically discloses the
ischemic ulcer as characteristically shal-
low, well demarcated, and occasionally
covered with a thick eschar. )

Pain managcmont for the arterial in-
buffluenC\ ulcer aims at lrealmg the
underlying ischemia. One available pain-
management treatment modality is sym-
pathetn blockade, which decreases
ischemic pain by vasodllatmg the affected
blood vessels, thereby increasing blood
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Table 1.

Etiologies of Pain in the 10 Most Common
Chronic Wounds

CHRONIC WOUND ETIOLOGY
Ischemic Ischemia
Sickle cell disease Ischemia
Diabetes Neuropathy/lschemia
Venous stasis disease Tissue damage
Infection Tissue damage
Pressure Tissue damage
Obesity Tissue damage
Steroids Tissue damage
Chemotherapy Tissue damage
Radiation Tissue damage

flow. \pLClhcallv a rcgmnal b\mpathetlc
block may be appllec to dilate the smooth
muscle in venules and arterioles, which
results in a decrease in pcrlphera] resist-
ance and an increase in capillary blood
flow. Skin capillary oxygen tension and
saturation are, thus, both increased. The
opening ofcullatcra] vessels secondary to
the sympathetic blockade can act as a
non-operative microvascular bypass that

helps increase blood flow to areas of

microvascular stenosis not amenable to
vascular bypass procedures. By opening
collateral vessels, a “steal phenomenon”
is possible, in which blood flow is shunted
to other vessels; therefore, the more
localized the regional block, the less the
“steal ”

Before the advent of vascular bypass
surgery, regional sympathectomy was a
primary option for treatment of ischemic
disease. As surgical techniques and grafts
became more sophisticated, sympathetic
blocks were used primarily when the
medical condition of the patient or the
anatomy precluded a vascular bypass.
Cunrcnt]\ with improved fluoroscopic-
guided tcchmqucs, regional sympathec-
tomies are used incrcasingly for treatment
of peripheral vascular discase, including
painful non-healing arterial insufficiency
ulcers.

In a group of 386 patients with occlu-
sive vascular disease, including arterial
msu[hclen(\ ulcers, 80% demonstrated
partial to Lompletc relief of rest pain
after neu rul}‘tic sym palhcctum}'. In those
patients without pre-existing gangrene,
84% received complete or partial relief,
compared to 56% of those with pre-
existing gangrenous lesions. Mean dura-
tion of pain relief was 5.9 months, which

coincided with the duration of the sym-
pathetic block as measured by the cobalt
sweat test. Two years after the block,
35% were alive and their skin was with-
out ulcerations.”

Indunl anesthesia, lumbar sympa-
thetic block, or spinal-cord stimulation
can facilitate a sympathetic block to the
lower extremities. Epidural anesthesia
b\ way of a percutaneous catheter can
be used in a hospitalized patient for up
to a week before the catheter must
be changed, and is most useful when a
bilateral sd\,‘mpathetic block is indicated.
Low concentrations of local anesthetic
allow for a sympathetic block without
a motor block, which facilitates patient
ambulation. Tunneled epidural catheters
can be used if long-term or home use is
anticipated.

For a more specific regional sympa-
thetic block of either lower extremity
individually, a lumbar 5\mpatlmtm block
can be administered. This procedure is
a percutaneous block of the unilateral
lumbar sympathetic chain performed
under fluoroscopic guidance that can
be done as an ambulatory pr ocedure. With
this block, less chance of motor block-
ade, hypotension, and vascular steal ex-
ists, as opposed to an epidural block. The
lumbar sympathetic block can be admin-
istered as a series of local anesthetic
injections. If the relief obtained with the
local anesthetic blocks is uood but not
long lasting, a neurolytic block can be
administered as a chemical ne urolysis or
radio-frequency lesioning.

Spinal cord stimulation can inhibit
central sympathetic output. It has been
used to treat peripheral vascular disease,
and results in increased local blood flow
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and promotion of healing of ischemic
ulcers. This procedure entails placement
of electrodes into the epidural space for
stimulation of spinal cord dorsal columns.
For example, with a mean follow up of
25 months following spinal-cord stimu-
lation, ischemic pain relief is maintained
in 73% of the patients.® In addition,
patients are able to walk farther.

Oral analgesic regimens following the
stepwise approach of the World Health
Organization (WHO) ladder can be used
in conjunction with sympathetic blocks,
solely to decrease pain, either acute or
chronic. If ulcer pain requires the use of
frequent PRN opioids, use of an extended
release opioid may provide better anal-
gesia with fewer overall side effects.

Sickle cell disease originates from a
substitution of glutamic acid for valine at
the sixth position on the beta hemoglobm
chain, which in turn, results in formation
of sickle cell hemoglobin S rather than
normal hcmog]obin A, Hcmoglobin Sis
capable of normal oxygen loads; how-
ever, when dcoxygcnatcd, it forms rigid
and inflexible hemoglobin moieties
(sickle-shaped erythrocytes). These rigid
hemoglobin S moieties cause occlusion
of the microcirculation, which produces
hypoxemia, ischemia, and infarction lead-
ing to painful crises. The more extensive

vaso-occlusive events result in systemic
infarcts, including cutaneous ulcerations.

In sickle cell anemia, microcirculatory
occlusion may appear as lower- m.tremm
ulcers. “’A]though the pathogenesis is not
completely understood, compromised
blood flow to the muscle and bone is
Iikcl)-' the most common origin of pain
and non-healing. Sickle cell leg ulcers
should always be treated as soon as they
are discovered including debridement
of non-viable tissue—to prevent progres-
sion to a large, non—healing ulcer. Con-
tmlling infection is a ln'gh priorit}_' in
treating these wounds. Systemic antibi-
otics often with debridement should be
used whenever drainage, cellulitis, or
both, are present. By nearly eliminating
bacteria, pain often decreases.

Additionally, 0p|01dq are currently the
analgesic of choice in treatment of pain
asxouatcd with sickle cell vaso-occlusive
crises.'% Multiple routes of administra-
tion of opioids are available; however,
intravenous patientfcontrolled analgesia
(PCA) use is a preferred method for
treating acute painful crises. PCA de-
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vices allow patients to self-administer
small doses of opioids for needed pain

relief, and thus, bypasses the delay of

calling nurses to the bedside and awaiting
their return with pain medication.

A subset of patients with sickle cell
ulcers will not receive adequate pain
control with the intravenous PCA. For
this group, c])i(lural analgesia can be used
to control their painful crises. In the
setting of an acute painful crisis, the
epidural catheter is placed while the
patient is deeply sedated. Epidural anal-
gesia w ith low-dose ()pl()lds alone, or in
combination with local anmthctms, pro-
vides effective relief for patients who do
not benefit from intravenous opioids.
Addition of a local anesthetic not only
enhances the analgesia, but also causes
vasodilatation that can locally prevent
sickle cell occlusion. Epidural PCA can
abort acute chest syndrome by decreas-
ing pain and impro\'ing oxygenation.

There exists a growing interest in the
role of cognitive behavioral therapy as a
treatment mo(la[lt\' for pain associated
with sickle cell anemia and sickle cell
ulcers. The aim of cognitive behavioral
therapy is to replace the patients’ anxiety
and distress with a sense of hope and
mastery over their pain.'! Pa}(ho]oé](al
intervention can bring about a decrease
in the lrcqucnu and intensity of acute
painful crises. Nevertheless, most patients
continue to 10(11.111(‘ the pam team and
wound team to work with the hemato-
logist treating their sickle cell disease.

NEURDPATHIC FOOT ULCERS IN PATIENTS
WITH DIABETES

Neuropathic ulcers are caused by pres-
sure or injury in the lower extremity in
areas of sensory deficit. Ischemia and
infection contribute to the pain that re-
sults from these ulcers. It has long been
known that a high percentage of patients
with diabetes have neuropathic symp-
toms.'? The 'ivmpt(mw associated with
neuropathic pain are paroxy smal, burn-
mg, shooting, sharp, and lancmatmg pain.

T'his pain follows a dermatomal distribu-
tion; the patient may have concomitant
h\pm esthesia, allo(l\ma (a painful re-
sponse to non- pamlul stimuli), or both,
as well as aching, Lrampnw and tingling. "
Pain also can occur in areas of sensory
deficit; this condition is known as anes-
thesia dolorosa.

The classic clinical presentation of the
diabetic neuropathic foot is a warm, dry
foot with hyperkeratotic tissue. The clas-

sic neuropathic ulcer is commonly under
a metatarsal head, surrounded by thick
hyperkeratosis; has a pink, pumhul out
base that bleeds easily; and is painless.!
Diabetic foot ulcers can occur on the
plantar and dorsal surfaces of the foot as
well as the toes.!S

Neuropathies are often caused by
axonal degeneration and segmental de-
myelination. This condition results in se-
lective loss of large fibers (e.g., A-beta)
that have an inhibitory effect on pain
transmission from the periphery, accord-
ing to the Gate Control Theory of Pain,
with prefere ntial regeneration of smaller
fibers (e.g., A- delta and C) that have
stimulatory input regarding pain sensa-
tion. The sum total of these changes is
increased pain sensation from the periph-
ery. One peripheral expression of neuro-
pathic pain is formation of a neuroma,
which results in abnormal spontaneous
uncoordinated neuronal firing. Changes
at the levels of the dorsal root ganglia,
dorsal horn neurons, and brain itself have
all been associated with neuropathic
pain. 16

Prevention of neuropathy in patients
with diabetes is ideal. The Diabetes Con-
trol and Complications Trial demon-
strated that intensive diabetes treatment
(frequent insulin injections, or a sub-
cutaneous insulin pump and frequent
glucose monitoring) delays the onset
effectn(‘h and slows the progression of
long-term neurologic complications,
including neuropathic pain.'” Electro-
physiologic abnormalities associated with
diabetic neuropathy can be delayed or
preventec | b\ intensive treatment of dia-
betes, and the risk for clinical neuro-
pathy can subsequently be reduced by as
much as 64%.'8

Neuropathy in patients with diabetes
is often painful and shoul(l always be
treated lmmedlatolv 19:2 Tn(\(lu anti-
depressants (TC As) are among the first-
line analgesics used for relief of neuro-
pathic pain. Their mechanism of action
involves inhibition of the reuptake of
serotonin and norepinephrine in the de-
scendlnu inhibitory tracts of the splnal
cord. %mltrlpt\[mo demonstrates the
ability to relieve the pain of diabetic
neuropathy indcpcndcnl of mood eleva-
tion.”? However, amitriptyline can cause
many complications, such as sedation,
urinary retention, and orthostatic hypo—
tension. Desipramine has the least anti-
cholinergic side effects of the first-
generation tricyclic antidepressants and
causes rvlatnd\' little sedation. It also has
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been demonstrated to be analgesic in
diabetic neur o|)alh\

Anticonvulsants have been used to treat
neuropathic pain for many years. Both
phenytoin and carbamazepine prove ef-
fective as neuropathic pain medications,
but each causes numerous side effects. 242
Newer formulations of anticonvulsants
that treat the pain of diabetic neuropathy,
but with ﬂvmﬁantl\ fewer side effects,
have been (le\ eloped leccntl\ Gabapentin
(Neurontin®, Parke-Davis, Vega Baja
Puerto Rico) is one L‘xamplc of thcsc
new anticonvulsants shown recently to
be effective for symptomatic treatment
of painful neuropathy,’®?? including dia-
betic neuropathy.?® The only \tatlstuall\
significant side effects were dizziness and
somnolence.

Other classes of drugs also are used to
treat neuropathic pain. Mexilitene, an
ana]og of lidocaine, can be given orally
and demonstrates an analgesic effect on
chronic painful diabetic nxfu1‘()patl1}’.1" It
is most effective against burning or stab-
bing types of pain. Capsaicin, a topical
analgesic derived from chili peppers, was
studied by the Capsaicin Study Group.*
Patients with diabetes who have peri-
pheral neuropathies demonstrated de-
creased pain, but had localized adverse
effects such as burning and rash. N-
mcth\' -D- aspartatc (NMDA) inhibi-
tors,?! clonidine,® lidocaine patches,??
and tramadol* have all been used with
\'at‘}‘i11g success in pnticms with diabetic
neuropathic pain, Invasive techniques such
as spinal-cord stimulation have been used
in refractory cases.?* The use of opioids
for neuropathic pain is controversial.

Venous ulcers are sccumlary to reflux
between the deep and superficial venous
system in the lower ]0; Venous reflux
results in an increase in venous pressure,
venous dilatation, increased capillary
permeability, and extravasation of fluids
and pr oteins. Ultimately, skin breakdown
occurs and an ulcer forms. Sixty-four
p(‘r(‘cnt of patlcnts with venous ulcers
report distressing or c.\'t:ruc:iating pain. 38

Surgical management of venous stasis
ulcers Ircquvnll\ includes intermittent
debridements to remove non-viable tis-
suc and stimulate granulation tissue for-
mation, epithelialization, and contraction.
The use of local anesthetic combination
creams such as EMLAY (eutectic mix-
ture of local anesthetics: lidocaine 2.5%
and prilocaine 2.5%) (AstraZeneca,
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Table 2. Typical Chronic Analgesic Regimen

ANALGESIC

SITE OF ACTION

CLINICAL EFFECT

Set dose, extended-duration opioid

Opiate receptors

Maintenance of analgesic levels
within therapeutic window (more
efficient analgesia with less side
effects)

Non-steroidal anti-inflammatory drugs

Peripheral pain receptors

Analgesia; anti-inflammatory

Tricyclic antidepressants

Descending spinal cord inhibitory tracts

Analgesia; sleep promotion

Fast-onset, short-duration,
PRN opioid

Opiate receptors

Analgesia for episodic
breakthrough pain

Table 3. Common Extended-Duration Opioids

EXTENDED-DURATION OPIOID

DOSING INTERVAL

EQUIPOTENT DOSE
[10 mg IV MORPHINE (ms)]

Methadone 6 hours 20 mg po/10 mg IV
Continuous release fentanyl patch 72 hours 100 mcg/hour = ms IV 3 mg/hour
(Duragesic, Janssen Pharmaceutica®)

Extended release oral oxycodone 12 hours 30 mg

(OxyContin, Purdue Pharmat)

Extended release oral morphine 12 hours 30 mg

(MS Contin, Purdue Pharma¥)

Extended release oral morphine 24 hours 30 mg

(Kadian, Faulding Laboratories$)

Levorphanol 6-8 hours 4 mg po/2 mg IV

*Titusville, New Jersey
TStamford, Connecticut
*Stamford, Connecticut
SPiscataway, New Jersey

W'i]mingt()n, Delaware, USA) demon-
strated improvement in patient pain
scores, as well as reduction of a number
of required procedures and a higher
wound- hca]mg success rate, likely .due
to performing more effective de bride-
ments. “Vnnuus leg ulcer patients treated
with bilayered human skin equivalent
(HSE) also showed improvement in
health-related, quaht\ -of-life variables,
including decreased pain.*

In (]1rut contrast to arterial insuffi-

ciency ulcers, venous ulcers do not
respond to sympathetic nerve blocks;
venous congestion can worsen with the
use of these techniques. The primary pain-
rclioving modalities used to treat pain
caused | Dy chronic venous stasis ulcers
are systemic analgesics. A systemic anal-
gesic regimen for chronic pain uses the
protocol recommended by the WHO
analgesic ladder.*® This protocol is a tiered
swtem whu‘eb\ less- ])()luu dr ugs are

used Frst and drua Potcnu is increased

- V2. -

until the patient is comfortable with
minimal side effects. If lower-tier medi-
cations are ineffective, then higher-tier
medications are added to the regimen in

a stepwise fashion. First-tier medications
include non-opioids such as non-steroidal
anti- inﬂammatow rhugs a(LtaminophL n,
tricyclic antldcplcssamﬁ and tramadol.
Second-level medications include “weak”
opioids, such as combination drugs with
acetaminophen and codeine, oxycodone,
or hydrocodone. Third-tier medications
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Figure 1. Blood concentrations with different opioid dosing regimens. Prescribing the long-acting opioids
on a set-dose basis helps maintain more effective blood levels than administering the medications on

an as-needed hasis.

include all other opioids, both short- and
long-acting.

The uldehncs to follow when devel-
oping a LhIOIl]C pain analgesic regimen
begin with use of a combination of medi-
cations to decrease the side effects of any
one of the included drugs separately
(Table 2). When considering appropriate
drug combinations, use of r{TUéq that
work on pain pathv. ays at different points
provide additive or synergistic results. If
analgesia requires use of more potent
medications from the WHO ladder, ex-
tended duration opioids frequently main-
tain analgesic blood levels within the
therapeutic window more efficiently than
do short-acting opioids (Table 3). Pre-
scribing the long acting opioids on a set-
dose basis also helps maintain more
effective blood levels than administering
medications on an as-needed basis. PRN
dosing maintains the analgesic blood
levels in the therapeutic window for
approximately one third of the time.
Therefore, for the remaining two thirds
of the time, the patient is either over-
dosed and experiencing side effects, or
under-dosed and in pain (Fig. 1).

Patients with venous stasis ulcers may
require opioid use. These (11‘ug.~< can be
readily administered.

PRESSURE ULCERS

Patients with pressure ulcers (59.1%
to 68.2%) experience severe pain asso-
ciated with their ulcers.* Qpinal cord
mjur\ patlcnls and those who rcqull
l(mé‘ term ventilation are especially sus-
copnbh to pressure ulcers. Pain manage-

ment for these patients is mandatory, and
often ignored.

Patients who require pain management
while |}cing weaned from mechanical
ventilation present a somewhat paradoxi-
cal situation, in that pain medications with
significant potential for causing respira-
tory depression—such as opioids—are
frequently required when maximization
of respiratory effort is needed most.
Several analgesm regimens may be used
to help resolve this problem. Potent non-
0])101(1 ana]gesus such as intravenous
ketorolac (Toradol®, Roche Labs, Nutley,
New Jersey, USA) can provide effective
pain relief with no res spiratory depres-
sant effects. Ketorolac is a parenteral non-
steroidal anti-inflammatory drug whose
potency is comparable to that of mor-
phine. Agonist-antagonist opioids have
ceiling eifcc.ts for respiratory depression.
They have an agonist effect on the kappa
opioid receptors leading to analgesia, and
an antagonist effect on the MU opioid
receptors that facilitate respiratory de-
pression. lmportant to remember is that
MU receptor antagonism can cause with-
drawal symptoms in patients on chronic

opioid therapy. Regional or central axis
anesthesia (spinal or epidural) is another
way of providing not only analgesia, but
also anesthesia with minimal respiratory
depression.

Spinal cord injury patients may expe-
rience partial sensation in an area that
contains a pressure ulcer, which requires
analgesics for somatic n()cjceptive pain.
However, some patients with spinal cord
injury lack sensation in a specific area,
but can develop central pain in the re-
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gion encompassing the area. The inci-
dence of central pain in patients with
spinal cord injuries can vary between
10%-90%, with appmxlmatelv 30% of
patients experiencing dlsabhmO pain after
a traumatic injury.

Central pain is a category of neuro-
pathic pain secondary to injury to the
main ascc‘nding pain pathway in the spi-
nal cord—the spinal thalamic tract. Clini-
call_v, patients experience a constant,
hurning dysesthcsia with intermittent,
acute |ancinating exacerbations. Hypcr—
esthesia (an exaggerated response to
stimuli) and allodynia may be prominent.

Treatment regimen for central pain is
currently incomplete. Neuropathic pain
medications, such as anticonvulsants and
tricyclic antidepressants, can provide a
dcglec of analgesia. However, nerve
blocks, neumablatnt techniques, and
neuromodulation (stimulators) have failed
to pr()\'id(‘ good results Consistently, Use
of opioids for these patients is controver-
sial; the risk of addiction exists and re-
sponsiveness of central pain to opioid
analgesia is debatable. Analgesic responses
to opioids sometimes require side effect-
precluding dosages.

WOUNDS ASSOCIATED WITH INFECTION

Colonized bacteria are the most com-
mon reason for the presence of pain in a
wound. In [)alicnl'f«‘ who were not pre-
viously opioid dependent, less pain after
wound debridement is typically observed.
Presence of bacteria results in the release
of mediators of inflammation (e.g.,
prostaglandins) from inflammatory cells
that sensitize peripheral pain receptors
(nociceptors) in the area. The sensitized
nociceptors have a lower threshold for
stimulation, which results in the infected
area feeling tender and more painful. In
spc‘(:iﬁc surgical pro(‘t‘dures, it is Prcfur—
able not to treat bacterial colonization;
an example is a tracheostomy. In con-
trast, when treating a patient with a
chronic wound, the fc)llowing five indi-
cators in which treatment of bacterial
colonization is appropriate are: 1) fever,
2) presence of diabetes, 3) elevated white
blood cell count, 4) cellulitis, and 5) non-
closure of the wound.

Infection inhibits wound healing and
increases the risk of bacteremia and os-
teomyelitis because it delays epidermal
maturation.*! Both of these conditions
are :;nghcam sources of pain. Another
mechanism by which bacteria may im-
pair wound healing is through the de-




e

Material may be protected by copyright law (Title 17, U.S. Code)

Pathogenesis and Treatment of Pain in Patients with Chronic Wounds
FREEDMAN, CEAN, DURON, TARNOVSKAYA, BREM

crease in, and alteration of vascular en-
dothelial growth factor (VEGF) recep-
tors by the bacterial wall p]'uducts,\"li(] F
has a crucial role in the proliferative phase
of wound healing by stimulating angio-
genesis and endothelial cell p:‘ulit'era-
tion.*? This process can result in more
pmnounced pain associated with the
wound, because a decrease in VEGF cor-
responds to an increase in bacteria, which
in turn causes greater pain.

Obtaimng dvep—tissue hiopsies is ex-
tremely valuable in treating infected
wounds.®? Infection-induced ulcer pain
management relies mainly on chronic
analgesic regimens as described pre-
viously. However, we emphasize that the
presence of bacteria is often the #I
untreated etiology of pain in wound
patients. Simple, sharp debridement of-
ten alleviates this pain.

RADIATION-INDUCED ULCERS

Radiation therapy disrupts the normal
wound-healing pméess. Delays in wound
healing occur because of changes in local
vasculature and decreases in collagen
pmduction.“ Vascular abnormalities in-
clude stasis and occlusion, vascular wall
edema, and possibly a reduction in ang-
iogcnesis.*‘; Radiation appears to alter
fibroblasts pcrmancntl}j by either slow-
ing the maturation of collagen or dimin-
ishing collagen pm(hlclion.4ﬁ Collagen
sroduction is decreased by changes in
the levels of specific growth factors [e.g.,
beta (transforming growth factor—TGF-
beta) and platelet derived growth factor
(PDGF)].*7

Radiation-induced ulcers are often
painful. They appear along with changes
in the skin, formation of keratoses,
cpidermal atrophy, and inflammatory
dermal and subcutaneous fibrosis.*® From
our experience, ulcers that result from
radiation therapy often progress to Stage
IV and even to the bone. This prnblem is
often due to clinicians’ reluctance to treat
them immediately after onset.

Pain management for radiation ulcers
mainly requires chronic analgesic regi-
mens as discussed prm'ious]y.

STEROID-INDUCED ULCERS

Corticosteroids are well known for
delaying most aspects of wound healing
significantl_\_-', although little is understood
rcgarcling their mechanisms. Steroids
lower TGF-beta and insulin-like growth
factor-1 (IGF-1) to below basal levels,

which subsequently delays the migration
of fibroblasts and regenerative capil-
laries.*® Furthermore, they suppress tran-
scription of epi(lormal genes critical in
keratinocyte migration —examples of
these epidcrmal genes include keratins
K6 and K16.%¢

Corticosteroid-delayed wound healing
may be reversed by retinoids, which
displays the unique ability to overturn
the inhibitory effects of steroids.
Retinoids reverse impairments in the
inflammatory response, tensile strength,
and collagen accumulation in cutaneous
wounds. Retinoids’ actions are mediated,
in part, through increases in two regu-
latory proteins, TGEF-beta and IGF-1.
Cells constituting new granulation tissue
s}'nthesi’zc these proteins. The proteins
act as local mediators of the cellular
response that regulates intercellular
interactions.*

Pain management for steroid-induced
ulcers is treated l)rimarily with chronic
analgesic regimens, as described earlier.

CHEMOTHERAPY-INDUCED ULCERS

Chemotherapy is effective in suppres-
sing tumor grm\-‘th by killing rapidly
dividing cells.’! However, the majority
of chemotherapeutic anti-neoplastic
agents interfere with denxyribonu(‘leic
acid (DNA), ribonucleic acid (RNA), or
both, production; protein synthesis; and
collagen produ(:tion. Most anti-neoplastic
agents studied experimcntally have
demonstrated a deleterious effect on
wound healing when administered in
the perioperative pcriod. In addition to
aggravating the existing ulcers, these
agents can induce ulcers based on the
damaging effects described above.

Chemotherap‘\finducaL ulcer pain
management relies mainly on chronic
analgesic regimens as described pre-
viously.

DBESITY-INDUCED ULCERS

Morbidly obese persons have an in-
creased incidence of non-healing wounds
secondary to multiple etiologies. Com-
mon reasons for non-healing wounds in
obese patients include: 1) higher inci-
dence of venous reflux and thus venous
ulcers; 2) higher incidence of diabetes
and, therefore, diabetic foot ulcers;
3) pressure ulcers that often emerge
after complicated surgery for which the
patient requires [)r(:longed bed rest; and
4) wound infection, which results in
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delayed wound healing, increased pain,
and even ulceration. Wound infection in
obese patients is often under-treated. A
related cause of infection in the obese
patient is intertrigo, a superficial derma-
titis caused by friction between skin
surfaces, combined with moisture and
warmth, which results in infection.>?

Obese persons are more likeiy to
experience supc'rficial wound break-
down.5? Chronic wounds, such as pres-
sure ulcers, are common and more
difficult to manage in these patients.>*
Leg ulcers with venous insufficiency in
morbidly obese patients also present a
major clinical challenge.*®

Studies with obese (i.e., ob/ob) mice
have proven that Leptin, a pmtcin en-
coded for by the ob gene, which has an
inhibitory effect on appetite, also has
an important role in wound hca]ing.i‘;‘;7
Obese mice are much slower to heal
their wounds than non-obese mice. Leptin
regulates the T-lymphocyte response,*®
enhance phagocytosis,“ as well as many
other functions in a healing wound 5737
Therefore, Leptin-deficient ob/ob mice
have delayed healing of their wounds.
Although ob/ob mice exhibit obesity
similar to morbid obesity in humans,®®
further clinical studies should be under-
taken.

Ol)esit)’-incluct?(l ulcer pain-manage-
ment relies mainly on chronic analgesic
regimens as described above.

PATIENTS WITH SPECIAL CONSIDERATIONS

Several groups of wound patients re-
quire special considerations when admin-
istering chronic analgesic regimens: the
elderly, patients on methadone mainte-
nance as part of the recovery from drug
addiction, and those using cocaine.

Use of extended-duration opioids by
these patients can result in a prolonged
duration of drug action, as well as greater
potential side effects—such as respira-
tory depression, because of the unique
physinlcg}', pharmacr)d}'namics, and
pha.rmacokinetics of the elderly. When
elderly patients who experience pain from
chronic wounds are unable to tolerate
the use of long-acting opioids, several
techniques may be implemcnted for
dosing analgesics. Extending the dosing
schedule to intervals longer than usual
may be helpful; e.g., dosing medications
every 12 hours that normally last for 6
to 8 hours. If, despite this schedule, the
patiem continues to not tolerate the
use of long-acting opioids, use of short-
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acting opir)i(ls on a set-dose basis may
provide the same effect; e.g., administer-
ing codeine or oxy codone every 6 hours
amund the clock. Finally, the use of set-
dose non- (JI)I(Jld:-« such as tramadol, again
at an increased dosing interval (e.g., every
6 to 8 hours) can generate effective
analgesia with decreased side effects.
Tramadol’s mechanism of action appears
to be mediated by both t)plmd receptor
stimulation and inhibition of monoamine
uptake.

When (Icveloping an ana]gcsic regi-
men for chronic-wound patients on
methadone maintenance, the unique
pharmacology of methadone must be con-
sidered. Methadone has an elimination
half-life of approximately 24 hours, but
its analgesic half-life is onl\ 6 h()m.s. As
mcthaclone is a long acting opioid, the
maintenance dose can either be incorpo-
rated into the overall chronic analgesic
regimen as the extended-duration opioid
(dosed 4 times a day), or methadone
maintenance can be retained at once-
a-day dosing as the patient’s baseline,
either adding methadone or another
extended-release opioid to the regimen
in addition to the maintenance dose.

For patients on chronic methadone
maintenance for previous opioid abuse,
tolerance to pain is a critical factor. In
these patients, tolerance is characterized
by a shortened duration and decreased
intensity of analgesia. These patients are
expected to need higher doses of opioids
than is norma][_\‘ the case.

The estimate is that 5 million people
use cocaine regularly in the United
States.®! Intravenous cocaine users may
often require wound debridement be-
cause of infection in venous areas sur-
rounding injection sites. Cocaine is a local
anesthetic that enhances sympathetic
nervous system activity by inhibiting
norepinephrine uptake into ganglionic
nerve endings, direct actions on dopamine
receptors, or both. Cocaine is metabo-
lized in the blood and excreted in the
kidneys after approximately 2 hours
and, therefore, approximately 5 half lives,
or 10 to 12 hours, should pass before
safely taking an acutely intoxicated pa-
tient to the operatmg room for non-
emergent surgery. Comj slications of acute
cocaine toxicity lncludc myocardial inf-
arction, arrhythmia, cerebrovascular ac-
cidents, hyperthermia, and seizures.
Patients with this condition require main-
tenance of their level of catecholamine;
in particular, epinephrine use should be
monitored.

MEASUREMENT OF PAIN

After the etiology of the chronic
wound is established and a pain-manage-
ment treatment initiated, measurement
of any ('h:mg(: in pain is imperative (Figs.
2, 3).To attain the most accurate results,
we have devised and instituted a pain
assessment form, updated continuously
each time the patient returns to the
wound-healing physician (see Pain Assess-
ment Form, Fig. 3). Pain is assessed
using a \rcrlml ~\nalogue Score (VAS) of
0 to 10, with 0 signifying no pain and
10 signifying the worst pain. In addition
to the VAS, two other variables are in-
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cluded: the [)dtient’s Modified Functional
Independence Measurement (MFIM) and
wound surface area, The MFIM, derived
from the Functional Independence Meas-
urement (FIM™ Uniform Data System
of Medical Rehabilitation, Division of UB
Foundation Activities, Inc., Buffalo, New
York, USA) indicates a patient’s ability to
perform basic self-care and locomotion,
and is measured on a scale of 0-70, with
70 signifying complete independence and
0 signifying complete dx_]kndcm'c To pre-
vent bias, the patient is solely responsible
for assigning the r atmg of their pain and
MFIM (see Fig. 2). The person assessing
the patient should not infer results based

| 101702 | 1402 | 112102
VAS* (0 = no pain, 10 = worst pain) 8 25 25
l
Modified Functional Independence Measurement (MFIM)
SELF CARE
A. Eating 7 7 T
B. Grooming 7 7 7
C. Dressing-Upper T 7. 7
D. Dressing-Lower 7 7 T
E. Toileting ¥ 7 7
TRANSFERS
F. Bed, Chair, Wheelchair 6 T 7
G. Toilet i 7
H. Tub, Shower 6 7 7
LOCOMOTION
I. Walk/Wheelchair 6 7 6
J. Stairs 4 6 6
TOTAL MFIM SCORE (range 0-70) 64 69 68
wsAf (cm?) 17.52 11.17 11.25
Analgesics used / 1.0xycontin | 1.oxycontin
20 bid 20 bid
2.Percocet | 2.Percocet
6/day 6/day
3. Desipramn|3. Desipramn
25 ghs 25 ghs
FIM, VAS and WSA Scores
a0
&0 =it —e—FIM
40 =—VAS
20 WSA
o = -
1 2 3 4 5 7 8 9 10
Date
*VAS = Average Verbal Analogue Score
TWSA = Wound Surface Area

Figure 2. Modified Functional Independence Measurement (MFIM) Form.
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on the patient’s subjective statements, but
instead should make their assessment on
the basis of the forms completed by the
pati(‘nt_

Pain assessment was measured for
32 consecutive paticnts with chronic
wounds. Eighteen of these patients expe-
rienced pain. On a scale of 0-10, the
average pain experienced by these pa-
tients was 5.08. The long-term change in

this average allows for an overall view of

the clinic’s performance in managing its
patients’ Pain.

This preliminary study suggests pain
is decreased when an JnlLUl‘alCd wound-
management team is m\ul\ul in treat-
ment, based on results tabulated from
the forms of patients with multiple pain
scores. The decrease in pain was gener-
ally correlated with a decrease in wound
surface area and an increase in the pa-
tient’s MFIM. As a typical example, one
patient experienced a decrease in VAS
from 8 to 2.5, a decrease in wound-
surface area from 17.52 cm? to 11.25
cm?, and an increase in MFIM from 64 to
68 over a 5-week |)€‘1‘i()(l. This correla-
tion implies that pain management facili-
tates healing of the wound and healing
results in less pain. In either scenario,

decreased pain is likely an indicator of

wound healing, This pain assessment form
is an unbiased, accurate method that

should be used to measure the change of

pain in patients with chronic wounds.

SUMMIARY
With am analgesic IC&!ITIL‘

g to treat
the undvrl\lmT etiology of lhe pain is
critical, With all chr()mc wounds, remov-
ing local infection, which usually requires
surgical debridement, is the most impor-
tant part of the pain management regi-
men. Analgesia tor wound-care patients
can be pmblcmatic due to age, conco-
mitant disease, and the diverse causes
promulgating the pain. A strong under-
standing of the pathoph\'swloov of the
pain, and all the treatment options avail-
able, is essential for effective armlém]a.
Regular discussions between the pain and
wound-care ph\si(imﬂ can result in a
slgmh(ant decrease in pallcm morbidity

and, often, in decreased length of hos-

3

])ital stay.
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