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TRAUMA IS THE FOURTH leading cause of death in the
United States and the leading cause of death in persons
under the age of 38.! Burn trauma alone occurs in over
two million Americans every year. Irrespective of type—
electrical, chemical, scald, or lame—burns that exceed
10-15% of the total body surface area give rise to a cas-
cade of systemic and localized physiologic responses.??
Pathophysiologic changes accompanying burn trauma,
which can alter the disposition of administered drugs, in-
clude cardiovascular changes,f"5 alterations in renal and
hepatic function,®’ and fluctuations in plasma protein
concentrations.®'® This review summarizes current
knowledge of the altered pharmacology of the burned
patient.

Pathophysiologic Changes Affecting Drug Kinetics

CARDIOVASCULAR FACTORS

The clinical course of the burned patient is marked by
two distinct metabolic phases. In the acute (or resuscita-
tive) phase, immediately after injury, blood flow to the
organs and tissues is decreased.>* Multiple factors, in-
cluding hypovolemia, depressed myocardial function, in-
creased blood viscosity, and the release of vasoactive sub-
stances, contribute to this decreased blood flow.3-%!1-13
Therefore, during this period drugs administered by the
enteral, subcutaneous, or intramuscular route will have
delayed absorption with decreased peak concentrations
and/or decreased bioavailability. If high dosages have
been administered to overcome poor absorption, resto-
ration of perfusion may lead to unexpectedly rapid uptake
of medications from these sites, resulting in toxic effects.
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Thus, small, repetitive doses of intravenous drugs gen-
erally are more effective during this initial phase.

The second phase of burn injury, the so-called hyper-
metabolic or recovery phase, is associated with increased
blood flow to organs and tissues.>~” This phase begins at
about 48 h after injury, provided that adequate resusci-
tation has been instituted. In the geriatric patient, this
response is usually delayed or not present. Although total
body and hepatic oxygen consumption as well as glucose
and protein turnover by the liver are increased,® whether
or not drug metabolism increases accordingly is unclear
from the few clinical studies that have been performed.
From a theoretic standpoint, these alterations in blood
flow should affect the kinetics of flow-sensitive drugs.

PROTEIN-BINDING FACTORS

Plasma protein concentrations may be altered in both
the resuscitative and recovery phases of burn injury.'® Of
note from a pharmacologic perspective, the albumin con-
centration is decreased, but the concentration of the acute
phase reactant, a;-acid glycoprotein is increased.? Thus,
the plasma binding of predominantly albumin-bound
drugs, such as benzodiazepenes and antiepileptics, is de-
creased (increased free fraction),®'* while the binding of
some other drugs, such as tricyclic antidepressants and
neuromuscular relaxants, is increased (decreased free
fraction).®? Changes in drug binding due to these burn-
induced changes in plasma protein concentrations can af-
fect kinetics as well as plasma concentration-response
curves.®®!*"1® The changes in protein binding may also
result in alterations in the volume of distribution and
clearance.'®'® Increased binding will generally lead to a
decreased volume of distribution while decreased binding
will have opposite effects.'*"'® Relative to drug elimina-
tion, changes in protein binding affect only the clearance
of low-extraction drugs. In the kidney, for example, in-
creased binding will result in decreased elimination of
glomerulus-filtered drugs, because only the free fraction
is filtered, whereas decreased binding will lead to en-
hanced elimination. Similar directional changes can occur
in the liver with respect to the clearance of low-extraction
(binding-sensitive) drugs.'®!” For example, burn-induced
decreased plasma binding of phenytoin resulted not only
in a larger distribution volume of drug but also more
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rapid clearance.'* Changes in plasma binding of drugs
also complicate the interpretation of drug concentrations
reported by the laboratory. Because most laboratories re-
port total drug (free + bound) concentrations, it is difficult
to know whether the reported concentration is therapeu-
tic, subtherapeutic, or toxic.®!%!® In these situations re-
ported total plasma concentrations of highly bound drugs
should be interpreted with caution, and whenever pos-
sible, methodology for measuring free concentrations
should be used.!8

OTHER FACTORS

Sepsis, drugs that induce'® or inhibit*® drug metabo-
lism; hepatotoxic or nephrotoxic drugs?'; malnutrition??;
parenteral nutrition?; preexisting systemic disease; and
endogenous burn-induced substances''~13#4%5 are factors
that can complicate drug disposition and response. The
onset and presence of hepatic, renal, and pulmonary dys-
function may confound matters even further. Yet the
contribution of each of these factors to the altered phar-
macology in the burned patient remains to be character-
ized.

Pharmacologic Studies in Burn Patients

ANTIBIOTICS—SYSTEMIC

Sepsis remains a common complication and cause of
death in the burn patient, and antibiotics, singly or in
combination, play an important role in therapy.®?! It is
well established that generally higher than normal doses
of certain antibiotics are required in burned patients to
maintain adequate therapeutic levels.?"?® The major rea-
sons for the increased requirement include: 1) enhanced
elimination of drugs via the kidney, resulting from burn-
induced increases in the glomerular filtration rate?!24-%7,
and 2) drug loss through the burn wound.?® For drugs
that have minimal plasma-protein binding, the creatinine
clearance may give an indirect estimate of the capacity of
the burned patient to excrete antibiotic drugs by glo-
merular filtration. The elimination of half-life of tobra-
mycin, which is directly correlated with creatinine clear-
ance, exemplifies this hypothesis.”’

Loss of drug through the burn wound may be more
significant in the infant and child than the adolescent or
adult because of their relatively high surface-area to body-
weight ratio. Thus, intuitively, one would expect to find
a direct correlation between burn body surface area and
antibiotic clearance; however, no such relationship has
been shown. Although loss of antibiotic through burn
wound is significant, clinical experience in patients with
renal failure suggests that this is not an important route
of elimination, and antibiotic therapy has to be modified

Anesthesiology
V 65, No 1, Jul 1986

in the presence of renal failure just as it has to be in non-
burned patients.?®%°

Clearly, systemic antibiotic administration in the
burned patient is complex and deserves special consid-
eration, including close monitoring of plasma drug con-
centrations. Because most antimicrobial agents bind little
to plasma,?® measured total drug concentrations will not
be affected by alterations in protein concentrations.

ANTIBIOTICS—TOPICAL

The capacity of normal, intact skin to absorb thera-
peutic concentrations of drugs has been exploited exten-
sively in the administration of drugs such as nitroglycerin.
When the skin is destroyed, the capacity for topically ap-
plied drugs to be absorbed through the wound is often
increased and can cause several adverse effects. For ex-
ample, systemic effects on acid—base balance and venti-
latory patterns of burned patients have been observed
following the topical administration of mafenide acetate.?!
Peak blood levels of mafenide and its metabolite, p-car-
boxybenzine sulfonamide, occur within 2 to 4 h of appli-
cation.® Similarly, high serum concentrations of iodine
have been observed following the topical application of
povidone-iodine, and the amount of iodine absorbed has
been shown to be directly related to the size of the burn.®?
Although there have been no reports of altered thyroid
function following absorption of high levels of iodine, with
impaired renal function plasma iodine concentrations may
become toxic. The presence of unconjugated sulfonamide
in blood, as well as leukopenia, has also been observed
following the application of silver sulfadiazine.?® Topical
applications of silver nitrate can result in the absorption
of large volumes of free water from dressings and loss of
potassium, sodium, and calcium from the body, resulting
in plasma fluid derangements.?*3® Rarely, in the presence
of aerobactercloacae, nitrate may be broken down to ni-
trite, which when absorbed into the blood stream leads
to methemoglobinemia.® The blood in these instances ap-
pears cyanotic, but measured Pag, (not saturation) values
will be normal because plasma oxygen tension is not af-
fected. Methemoglobinemia is easily corrected by the ad-
ministration of methylene blue 1~-2 mg/kg iv.

ANTACIDS

Curling noted at post mortem the high incidence of
stress ulcers in burned patients.?® Acute erosions of the
stomach and duodenum have been demonstrated in 86%
of patients with major burns within 72 h after burn in-
jury.®” More than 40% of all patients with major burns
have occult gastrointestinal bleeding in their gut, and
some suffer life-threatening hemorrhage.?”*® The main-
stay of therapy for control of increased gastric acidity and
bleeding includes early exteral feeding and the adminis-
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tration of antacids and Hy-receptor antagonists.?® Insti-
tuting early enteral feeding and oral antacids may be dif-
ficult in some patients because of intestinal iléus or peri-
operative fasting. Thus, parenterally administered
antisecretory drugs, such as cimetidine, may be useful.

The efficacy of cimetidine in burned patients has been
evaluated in several studies.?®**2 In adults given cimetidine
in the first 18 h after burn, the number of oral antacid
(Mylanta®) doses required to maintain gastric pH above
6 was significantly reduced. Between 18 and 42 h after
burn, however, cimetidine was less effective.*® Subsequent
pharmacokinetic studies explained the reason for this
phenomenon. During the early resuscitative phase of burn
injury, urinary excretion was decreased and total cime-
tidine clearance was comparable with that in normal pa-
tients.*> Thus, therapeutic concentrations were main-
tained normal. In the hyperdynamic phase of burn injury,
total and renal cimetidine clearance were increased in
direct proportion to the burn size, resulting in subther-
apeutic plasma cimetidine levels.*® Therefore, the usual
adult dose of 5-6 mg/kg q 6 h should suffice for the first
24 h after burn. In the period that follows, however, to
compensate for enhanced clearance, both the dosage and
frequency of administration may have to be increased.
As long as cimetidine concentrations are greater than 0.5
ug/ml, gastric pH is likely to be greater than 4.0.° That
is, target organ sensitivity is not changed. A dose of 400
mg q 4 h, or twice the normal 24-h dose, seems appro-
priate.*! .

The incidence of acute stress ulceration in children is
approximately twice that of adults.*® Although normal
children tolerate and indeed require greater daily dosages
of many drugs, including cimetidine, to achieve the same
serum concentration or effect,** administration of higher
dosages of cimetidine alone was not sufficient to maintain
the gastric pH above 4.0 in a significant number of chil-
dren.?® Our preliminary studies have indicated that clear-
ance rates of cimetidine in burned children are even
higher than in burned adults.

The kinetic and dynamic behavior of ranitidine, a
newer Hy-receptor blocker, has not been documented in
burned patients.

ANXIOLYTICS

Anxiolytics and sedatives are commonly administered
to burned patients. When diazepam is administered (usu-
ally intravenously), the therapeutic efficacy is short-lived
due to the rapid decline of drug concentration in the
plasma. This rapid decline in concentration following a
single dose is due to the high lipid solubility of the drug
and rapid uptake by the tissues.*® Thus, although the
elimination half-life of diazepam is long (36 h in normal
patients, 72 h in burned patients),® the duration of action
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of a single dose may be quite short.*> This behavior is
somewhat similar to the kinetics and dynamics of thio-
pental, where the elimination half-life is prolonged but
the hypnotic effect is brief because of redistribution of
drug in the tissues.*” With repeated administrations of
diazepam (or thiopental), however, the tissues can become
saturated, and the termination of effect depends more on
biotransformation by the hepatic enzymes, which can be
quite depressed in the burned patient.*®

Thus, it is not surprising that weaning patients from a
respirator can be difficult if the patient has been sedated
for long periods with repeated doses of diazepam or
chlordiazepoxide (Librium®), another drug with pro-
longed half-life and high lipid solubility.*> The metabolites
of diazepam and chlordiazepoxide are also pharmacolog-
ically active and can prolong and potentiate the sedative
effects of the parent compound. The impaired mental
status observed in many burned patients long after the
termination of these drugs may be related to these factors.
We have observed high levels of the parent compound
(after repeated diazepam administration) in patients as
much as 2 weeks after the drug has been terminated. The
active metabolites persisted for even longer periods.

The mechanism of the reduced hepatic clearance of
diazepam following burns has not been established in hu-
mans. Diazepam metabolism, which occurs in the cyto-
chrome p450 mixed oxidases, is said to be an oxidative
metabolic (or phase I) reaction. Numerous structural and
functional abnormalities occur with burn injury.49 In-
flammatory, neoplastic, infectious, and toxic diseases with
hepatic or functional abnormalities, as well as the co-ad-
ministration of other drugs, affect phase I reactions more
than phase II (conjugation) reactions.*** Thus, impaired
diazepam metabolism may be due to a nonspecific im-
pairment of the drug-metabolizing capacity of the liver,
as has been shown for other disease states*>** and in sev-
eral animal studies following burns.’'*? Alternatively, it
may be attributable to concomitant administration of
other medications. Of particular importance is cimetidine,
a known inhibitor of diazepam clearance.?

A newer benzodiazepene, lorazepam, possesses three
important features that distinguish it from diazepam. First,
lorazepam is metabolized by conjugation (a cytochrome
p4b50-independent pathway) to a pharmacologically in-
active glucuronide metabolite.*® Second, the clearance of
lorazepam is: 1) faster than that of diazepam*®; 2) unim-
paired in the burned popuiation®; and 3) unaffected by
concomitant cimetidine administration.?* Third, the un-
bound volume of distribution of lorazepam is much less
than that of diazepam, with clinically effective blood con-
centration persisting for many hours after the dose, re-
sulting in profound, long-lasting sedation.*® (In certain
situations, this could be considered a disadvantage.) In
summary, there is some theoretic basis for preferring lor-
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azepam to diazepam, particularly when repeated doses
are administered or when cimetidine therapy is required.
These theoretic considerations need to be validated in
clinical studies, particularly with reference to the phar-
macodynamics.

Evidence from nonburned patients suggests that ran-
itidine does not affect the metabolism of either diazepam
or lorazepam.®® However, interaction of ranitidine with
another benzodiazepene, midazolam, increases the so-
porific effects of the latter.?®

ANALGESICS

Despite the need for pain control, a major problem
with burns, pain assessment and relief, have received scant
attention.’”%® The elimination of pain, particularly in
those patients unable to communicate because they are
too young to speak or who are being mechanically ven-
tilated is difficult to assess. Concern about possible addic-
tion or the inability of burned patients to eliminate ad-
ministered drugs has led to undermedication.’®%° Yet a
nationwide survey of 151 burn centers and more than
10,000 hospitalized patients indicated no single case of
iatrogenic addiction.®® Inhalation of methoxyflurane (self-
administered or otherwise), popular in the 1970s,%' has
been largely discontinued in burn centers because of the
potential for nephrotoxicity due to the release of fluoride
ions.%?

Nitrous oxide—oxygen mixtures have been used for
analgesia for quite some time, and the usefulness of the
mixtures for hydrotherapy and debridement procedures
has been tested.?®** These studies have documented that
self-administered analgesic mixture of 50% nitrous oxide
with oxygen (Dolonox®, Entonox®) is useful when com-
bined with analgesics. This preparation produces analgesia
approximately 20 s after the onset of inhalation and peaks
at about 40 s to 2 min. Nitrous oxide is advantageous
because it can be self administered, has minimal cardio-
vascular effects, and the duration of being NPO is de-
creased.®

Side effects of nitrous oxide that warrant consideration
include excitability, pdrticularly at higher concentrations,
drowsiness, and inhibition of cell proliferation in bone
marrow and neurologic disease.®*% Megaloblastic anemia
and leukopenia can occur following exposure to nitrous
oxide for 2-6 h.5” Whether shorter duration but daily
exposure to nitrous oxide during dressing changes and
tubbing, especially in a burned patient who already has
hematologic and immunologic abnormalities,%® will po-
tentiate these abnormalities sooner is unknown. Similarly,
whether intermittent but frequent exposure of burned
patients to nitrous oxide will worsen the already present
neuromuscular disease® is subject to speculation. Finally,
environmental contamination with N;O, may be of some
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importance to pregnant employees because of the possible
association between exposure to anesthetics and miscar-
riage.”

The use of narcotics, such as morphine, meperidine,
and, more recently, fentanyl—administered intramus-
cularly or intravenously with or without sedatives—is the
most common form of analgesic therapy for burned pa-
tients.*® Although it has been known for some time that
narcotic requirements are increased in burned pa-
tients,®%% whether this is due to pharmacokinetic or
pharmacodynamic factors has not been completely char-
acterized. In addition, activation of endogenous opioid
pathways occurs during stress-induced analgesia in animals
and humans and could alter responses to exogenous
opioids.’””! One of the many reasons given for the re-
luctance to prescribe high dosages of harcotics for burned
patients is the fear that these patients may be unable to
handle the drugs safely because of their altered metabolic
state. This concern has been addressed by Perry and In-
turrisi, who found that the pharmacokinetics of morphine
in burned patients were not significantly altered in com-
parison with normal controls.”® The results of this study
should be regarded as preliminary, since Perry and In-
turrisi used a radioimmunoassay (RIA) that did not dis-
tinguish between the parent compound and its major, in-
active metabolite, morphine glucuronide.” Additionally,
this investigation used historical controls from a study
performed 5 yr earlier at another institution.

Meperidine and other newer synthetic narcotics, such
as fentanyl, have also been used extensively.”® Dosages,
comparative efficacies, and side effects in burned patients
remain to be documented, The most undesirable side ef-
fect of the narcotics, especially the newer synthetic prep-
arations, is the skeletal muscle rigidity they may produce.
Many studies in nonburned patients have recently assessed
the value of self-administered or patient-controlled intra-
venous analgesic therapy,’®?® which consists of self ad-
ministration of small intravenous doses of narcotics by
means of a triggered, programmable infusion pump to
control pain. In order to avoid overdosage, the device
only allows a maximum dose in a given time period. In
these studies the authors found wide variability in dose
requirements and kinetics. However, it was also noted
that compared with conventional methods (intermittent
iv, im or po), patient-controlled analgesia provided su-
perior analgesic control. Because of large patient-to-pa-
tient variability in the pharmacokinetics and pharmaco-
dynamics of drugs in burned patients, individualized (pa-
tient-controlled) dosage regimens may be preferable when
treating pain. In view of the positive results observed in
postoperative patients, the application of this technique
in burned patients clearly deserves further study.

Recently, efforts have been made to understand the
physiologic significance of the hypermetabolic (stress) re-

202 Yo1e 0z uo 3sanb Aq 4pd°1 L000-000209861-Z7S0000/6.2G 1 €9/L9/1/59/4pd-8]01E/ABO|OISAYISBUE/WOD JIEUDIBA|IS ZESE//:d)Y WOI) papeojumo]



Anesthesiology
V 65, No 1, Jul 1986

sponse to trauma and techniques to modify this response
has been suggested.”®”” The afferent responses to in-
creased metabolism can be accentuated by the brain, par-
ticularly in the presence of pain and anxiety.2’® In this
context, high-dose morphine and beta blockers have been
shown to decrease the hypermetabolic response to
trauma.”®™ However, study in one patient indicates that
single-dose spinal blockade does not alter energy metab-
olism.®® In a preliminary study Demling reported that
patients with persistently high levels of endorphins (and
possibly catecholamines) developed sepsis. The question
has been raised whether these substances might decrease
oxygen delivery and cause the sepsis.”” He further dem-
onstrated that sedatives and opiate administration de-
creased endogenous opiate levels, and these patients did
quite well. Although more studies are necessary, it appears
that the administration of exogenous opiates is not harm-
ful to burned patients.

ANESTHETICS

Although the clinical pharmacology of anesthetic drugs
in the burned patient has received some attention, few
data characterizing uptake, distribution, and elimination
of these drugs are available.

The most extensively used intravenous anesthetic is
ketamine.?®!~®® The advantages of ketamine include: 1) its
cardiovascular-stimulating properties, particularly useful
in critically ill patients; 2) its intense postoperative anal-
gesic effect; and 3) the ability to administer it intramus-
cularly.®* Low-dose ketamine (1.5-2.0 mg/kg im) pro-
duces adequate amnesia and analgesia, with rapid rees-
tablishment of activities such as eating.3*®® Ketamine, 4-
5 mg/kg im, can produce good operative conditions for
eschar excisions.®” The prolonged awakening associated
with high doses of ketamine may be an advantage in the
acutely burned patient, as it gives the nursing staff extra
time to position and provide care for the freshly grafted
wound areas before the patient awakens. Despite the car-
diovascular-stimulating properties of ketamine, hypoten-
sion may occur in some critically ill patients. This is prob-
ably due to the inability of the already stimulated sym-
pathetic nervous system to counterbalance the direct
myocardial depressant and vasodilatory effects of ketam-

.

ine.’® The repeated use of ketamine results in
tolerance®®®7; thus, the dose should be titrated according
to need.

Halothane continues to be the anesthetic of choice for
burn patients in many burn units. In a review of 408 pa-
tients who received 1,770 halothane anesthetics, Gronert
et al. reported that repeated administrations of halothane
to burned patients involved no additional risk.%® Our ex-
perience at the Shriners Burns Institute, with over 10,000

repeat anesthetics during the last 15 yr, confirms this. If
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hepatitis attributable to halothane is mediated via an al-
lergic response,® the anergic state of the burn patient®
may perhaps be the reason for the absence of halothane-
related hepatitis in this population. Of course, with the
multiple complicating and confounding factors affecting
the burn patient, it will always be difficult to pinpoint
halothane or any other agent as the cause of hepatitis.

Although free fluoride ion is increased following en-
flurane anesthesia, the potential for toxicity is minor be-
cause, at least in normal patients, peak concentrations of
fluoride never attain toxic levels.®* The pharmacokinetic
and pharmacodynamic advantages of isoflurane over
other inhalational agents®'?? remain to be confirmed in
burned patients.

ADRENERGIC AGONISTS

Cardiovascular instability can occur in the acute phase
of thermal injury and with sepsis.>® Restoration of ade-
quate hemodynamics, without producing volume over-
load, is the major goal of fluid (volume) resuscitation. In
some instances, volume replacement alone is inadequate,
and the use of adrenergic agonists has been advocated
both during resuscitation and when complications such
as sepsis occur. Aikawa et al. provided equivocal evidence
for the efficacy of dopamine in treating decreased cardiac
output in the early phase of thermal injury.* In a pro-
spective study during burn resuscitation, dopamine
5-10 ug-kg-min™' produced no change in hemo-
dynamic parameters.®® In another study, dopamine (3-9
pg-kg™'-min~') was used to correct right ventricular
dysfunction occurring in the later phase of burn injury.%
No significant improvement of right ventricular end-di-
astolic volume index, right ventricular ejection fraction,
or systemic hemodynamics was observed; however, sig-
nificant elevation in mean pulmonary artery pressures was
noted, particularly in patients with mean pulmonary artery
pressures elevated prior to infusion.?® The ineffectiveness
of dopamine in doses as high as 24 ug-kg™' +min™' («
effects) to improve systemic hemodynamics in sepsis has
also received attention.” Thus, the clinical studies in burn
trauma reported to date do not substantiate any useful
a- or B-adrenergic effects of dopamine. These findings
are in contrast to studies performed in other surgical pa-
tients in whom infusions of dopamine produced significant
improvement in cardiovascular dynamics.*®

Burned patients normally have high levels of circulating
catecholamines.”"” These levels are higher than those
observed in other stress states® and, in the normal patient,
result in significant changes in cardiovascular parame-
ters.?®?% Up to ten-fold higher than normal plasma con-
centrations of catecholamines have been observed in
burned patients following topical applications of epineph-
rine to decrease bleeding during excision and grafting
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procedures.'® Although the authors drew attention to
the potential for epinephrine to interact with halothane
to cause arrhythmias, none were reported. In other stud-
ies, although plasma catecholamines were not measured,
the absence of arrhythmias and minimal changes in car-
diovascular parameters were noted following application
of topical epinephrine during burn surgery.!°!"'2 This
lack of responsiveness to §-receptor agonists may be re-
lated to the already present, burn-induced, high and con-
tinuous level of catecholamine stimulation,”®%"!% leading
to alterations in both receptor affinity and number (down
regulation).'%®

Although numerous laboratory studies have docu-
mented advantages of such diverse agents as adrenergic
agonists, verapamil, reserpine, nitroprusside, and digoxin
to improve cardiovascular function,'®*-1% systematic
evaluation of these drugs at the bedside have not been
performed. Vasodilator therapy with hydralazine may
have some beneficial effects in patients in the early phase
of burn injury.'®” A clinical study indicates that larger
than normal doses of f-receptor antagonists may be re-
quired to completely block adrenergic responses.’® This
may be related to both high levels of circulating cate-
cholamines and to increased plasma binding of propran-
olol following trauma and inflammation.%198:199

ACETYLCHOLINE-RECEPTOR AGONISTS
AND ANTAGONISTS

The response of the nicotinic acetylcholine receptors
(neuromuscular junction) to agonist and antagonist drugs
is altered as a consequence of burn trauma.!'®"'7 This
subject has been reviewed recently.!'® Administration of
succinylcholine, a depolarizing muscle relaxant that is
structurally similar to acetylcholine, can induce a massive
potassium release from the muscle cell that may result in
a lethal hyperkalemia.!'® This hyperkalemic response is
related to the dose of succinylcholine, time elapsed since
injury, and severity of the burn injury.!'! In normal mus-
cle, depolarization with succinylcholine (or acetylcholine)
causes an increase in membrane permeability at discrete
endplate junctions and the release of potassium from the
cell. It is speculated that after burn injury, a denervation-
like phenomenon occurs with a spreading of acetylcholine
receptors throughout the muscle membrane.''® Thus, the
administration of succinylcholine causes potassium release
from the entire muscle membrane rather than from dis-
crete endplate junctions. Although catecholamines and
the adrenergic nervous system play an important role in
potassium homeostasis,''® the importance of this system
in the hyperkalemic response to succinylcholine has not
been elucidated.'?” Indirect evidence suggests that the
hyperkalemic response may last as long as 2 yr after the
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burn occurs.'!? If the drug is administered inadvertently
and cardiac arrest develops, calcium chloride should be
administered in incremental doses until the peaked T-
waves on the electrocardiogram return to normal. Al-
though one might anticipate the hyperkalemia to reverse
fairly rapidly with redistribution and tissue uptake of po-
tassium, lethal hyperkalemia lasting more than 20 min
has been reported.'?! Other therapeutic maneuvers in-
clude bicarbonate, glucose, and insulin. During this time,
cardiopulmonary resuscitation should be instituted.

Numerous recent studies of nondepolarizing muscle
relaxants show that burned patients have a decreased sen-
sitivity to d-tubocurarine, metocurine, pancuronium, and
atracurium.!'?"!'7 To achieve a given level of paralysis,
both the dose administered and serum concentration
required in these patients are increased two- to three-
fold. Altered pharmacokinetics and increased plasma
protein binding of muscle relaxants contribute little and
do not completely account for the augmented dose re-
quirement.®!?* However, an increase in acetylcholine re-
ceptor number just described may have occurred,'!*12*
explaining the altered response to both agonist (succi-
nylcholine)!!®!!! and antagonist (curare-like) drugs.''*-!"
Important factors contributing to changes in receptor
number and response include immobilization and disuse
atrophy.!25:124

Conclusions

Multiple factors, including alterations in blood flow,
plasma protein binding, and organ function can affect the
pharmacokinetics of drugs administered after burn injury.
This situation is confounded by the co-administration of
drugs that can induce or inhibit the metabolism and ex-
cretion of other drugs. The pharmacology of this popu-
lation is further complicated by changes in target-organ
sensitivity induced by multiple endogenous substances re-
leased in response to, or as a consequence of, the burn
injury, as well as from malnutrition, physical immobili-
zation, and various iatrogenic factors. There is some ev-
idence to indicate that the patient with minor burns
(<15% body surface area) responds differently to a drug
than the patient with major burns (>30%).2%!14115 Al
though a number of studies have been conducted on the
antibiotics and muscle relaxants, the mechanisms under-
lying the altered pharmacokinetics and pharmacodynam-
ics of these agents in association with burn injury require
more complete characterization. Further studies are
needed to examine the relationship between particular
drugsand the 1) type of burninjury (e.g., scald vs. electrical
vs. flame); 2) time elapsed since injury when the drug is
administered, and 3) magnitude of the burn. Although
additional research using animal models will undoubtedly
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assist in defining the mechanisms responsible for these
altered responses, clinical research in humans is urgently
required.

If we are to improve the care of patients with burn and
other traumatic injury, we must begin to conduct defin-
itive clinical studies in these patients. Nutritional status
and the effects of malnutrition appear to have important
implications for the pharmacologic action and metabolism
of drugs,?*?® yet very little information is available con-
cerning the combined effects of malnutrition, parenteral
nutrition, and critical illness on the disposition and phar-
macologic effect of drugs. With the current move to cen-
tralize trauma and burn care in many centers across the
country, these studies should be forthcoming. Their need
cannot be overemphasized.

The author thanks Drs. Daniel Carr, David Cullen, Robert Demling,
and Chung Sook Kim for their comments and Ann Adams for editorial
assistance.
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