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Pathophysiology of Hyperkalemia Induced by
Succinylcholine

Gerald A. Gronert, M.D.,* and Richard A. Theye, M.D.1

INTEREST in hyperkalemia induced by
succinylcholine (SCh) stems from re-
ponS:X.SJT.IN.::JTJH.‘D,-Xl,ﬁl’.“.ﬁ: .75.99 fro!n 1958
onward concerning cardiac arrest in con-
valescing burned patients immediately after
induction of anesthesia and injection of SCh.
In 1967, Tolmie, Joyce, and Mitchell* dem-
onstrated that such episodes of cardiac
arrest were caused by release of potassium
(K7), and thus opened a new field of clinical
investigation. Because the pattern of re-
sponse found in bumned patients® has also
been observed to various extents in patients
with muscle trauma,!’<17#% neurologic motor
deficits,2124-268387.91-93 o tetanus,’™ a common
mechanism—supersensitivity—has been
postulated. This review analyzes the hyper-
kalemic responses of muscle in subjects with
various neuromuscular diseases against a
background of the physiology of normal
myoneural junction and muscle, and the
pharmacologic effects of SCh and acetyl-
choline (ACh) on these responses.

Definition of Terms

Muscular action is normally a contraction
and very infrequently a contracture (similar
to a cramp). A contraction is short, reversi-
ble, and propagated; it becomes sustained by
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tetanic fusion of single twitches. A contrac-
ture’319% is prolonged, reversible, and non-
propagated, and may involve only a portion
of the muscle. Within the limits of the data of
this review, both contraction and contracture
are associated with electrical depolarization.

Sensitivity,**® unless otherwise specified,
refers to chemosensitivity and is related to
the effectiveness of acetvlcholine (ACh) in
depolarizing a membrane.

Supersenitivity>® means that a dose of
ACh much smaller than usual (one
thousandth) is effective for depolarization.

Lotcer motor neuron lesion or denervation
is due to either a loss of the motor nucleus
(ventral horn cell) or motor nerve section.

Upper motor neuron lesion is isolation of
the lower motor neuron from higher centers,
produced by either section of the spinal cord
(paraplegia) or an intracranial lesion involv-
ing motor tracts. Tetanus is apparently a form
of upper motor neuron lesion. "%

Neurotropism*4° refers to interrelation-
ships between nerve and muscle exclusive of
the phenomena of junctional transmission,
and includes fibrillation, changes in sensitiv-
ity, and effects on metabolism.

Responses to Stimulation in Normal
and Abnormal Muscle

Normal skeletal muscle’® has discrete
end-plate areas where the nerve terminal
closely approaches the muscle. These end-
plate areas contain receptor sites that are
supersensitive to the depolarizing action of
ACh and are relatively resistant to electrical
depolarization.5® The surface of the sur-
rounding muscle membrane has few receptor
sites, or none at all, and is electrosensitive;
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Fic. 1. K+ fluxes of normal** (N = 10), im-
mobilized* (N = 5), paraplegic®® (N =7), and de-
nervated* (N =35) canine skeletal muscle after
SCh injection. Efflux indicated by positive values,
influx by negative. Unpaired t tests indicate that
the first portions of the curves are different from
each other.

that is, it is relatively sensitive to electrical
stimuli and resistant to the usual depolariz-
ing dose of ACh.5®° Overall chemosensitivity
of the entire muscle increases when new
receptor sites form outside the end-plate
area, thus decreasing the threshold to chemi-
cal depolarizers. With denervation, the entire
muscle membrane becomes a chemorecep-
tor® and is supersensitive, and the depolariz-
ing dose of ACh is smaller by a factor of
about 10~* than that for normal muscle.’s%-¢

When ACh depolarizes the receptor site in
normal muscle, the resulting local action
currents electrically depolarize the adjacent
muscle membrane to produce a propagated
action potential ® ACh is rapidly hydrolyzed,
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the end-plate and muscle membrane re-
polarize, and the cycle can begin again. The
action of SCh is similar to that of AChf®
except that its effect lasts longer—possibly
due to binding or slower metabolism, or
both. 3355638 Because the initial depolariza-
tion of the receptor site persists, the
threshold of the adjacent electrosensitive
membrane quickly rises, producing an inex-
citable membrane and, therefore, paralysis.””
With repolarization, paralysis continues fora
while, depending on the dose.**5* The reason
is unknown, but it is possibly related to
binding on receptor sites.?=¢

In denervated muscle, ACh produces a
contracture®® resulting from chemical de-
polarization of the entire supersensitive
membrane unaccompanied by conducted re-
sponses.® The contracture tension produced
by a dose about 10~ of that for normal
muscle is greater than twitch tension.’* The
magnitude of the contracture response in
denervated muscle is proportional to the size
of the supersensitive membrane; that is, a
given dose of ACh produces a greater and
greater response as sensitivity continues to
increase.®

The contracture response also occurs in
both human and animal muscle affected by
various upper motor neuron lesions {(cord
section?®® or intracranial upper motor
neuron lesions®#%) following the injection of
either strychnine®® or ACh.2*#¢$%¢ Data are
insufficient to relate the contractures seen in
upper motor neuron lesions directly to super-
sensitivity, although there is at least a partial
increase in sensitivity.®

In abnormal muscle, the differing response
is best evaluated by measuring the sensitivity
to ACh, the naturally occurring transmitter.
This is done most effectively by placing a
micropipet adjacent to a single fiber, for
intermittent release of small amounts of ACh
(iontophoresis).®** This technique permits
one to detect gradation of sensitivity along a
fiber, and is superior both to the intra-arterial
injection of ACh,2054545% which provides only
a crude evaluation of the sensitivity of the
entire muscle,® and to the intravenous injec-
tion of ACh,® after which most of the ACh is
hydrolyzed before it reaches the muscle.
Sensitivity is judged by the magnitude of
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contractile response or by measurements of
electrical depolarization, or both.

Ionic Fluxes, Oxygen Consumption,
and Blood Flow in Normal and
Abnormal Muscle

A chemical depolarizer acting at the end-
plate receptor site increases ionic permeabil-
ity and produces depolarization.* In-
creased permeability is the primary effect
and depolarization is secondary, for studies
of denervated muscle indicate that ACh in-
creases permeability even if the muscle is
already completely depolarized.® In normal
muscle, this increase in permeability proba-
bly occurs only at the receptor site and not
over the remaining electrosensitive mem-
brane.?*33 The associated ionic fluxes include
influx of sodium (Na*) and efflux of K*.53%°
Some of the increased extracellular K* is lost
to the venous circulation and accounts for the
small increase in systemic serum K* (0.5
mEq/l) found after the administration of SCh
in subjects with normal muscle.**7*5°

Denervated skeletal muscle (lower motor
neuron lesion) responds to both ACh'* and
SCh* with an initial machine-gun-like burst
of action potentials, followed immediately by
a muscle contracture associated with electri-
cal silence. With SCh,* a large muscle K*
efflux (fg. 1) and Na* influx® a fourfold
increase in muscle oxygen consumption (Vo,)
(fig. 2), and an associated threefold increase
in muscle blood flow (table 1) occur. Muscle
Vo, increases because of both stimulation of
the Na*/K* pump to restore ionic equilib-
rium® and the muscle contracture. The in-
crease in muscle blood flow is probably due
to vasodilatation produced by release of
ATP* during contracture. Hyperkalemia by
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FIG. 2. Vo,'s of normal***? (N =10}, im-

mobilized* (N = 5), paraplegic® (N =7), and de-
nervated® (N = 5) canine skeletal muscle after
SCh injection. Unpaired ¢ tests indicate that the
first portions of the two upper curves are different
from each other and from those of the two lower
curves.

itself*? initially produces vasodilatation for -

several minutes, followed by vasoconstriction.

The dose of SCh required to relax normal
muscle greatly exceeds that necessary to
depolarize supersensitive muscle,* and
supersensitivity to SCh can be demonstrated,
associated with extraordinary changes in
muscle K* flux and Vo,, using doses of SCh
one tenth the size of those in figures 1 and
24445 Similar changes presumably occur also
with ACh,*S but are probably less persis-

TABLE 1. Canine Gastrocnemius Muscle Blood Flow (ml/min/100 g Wet Weight) aer Administration
of Succinylcholine (SCh) (0.25 mg/kg)

Minutes after SCh
Experimental
Condition Controt 1 4 7 13 19
Normal“4? (N = 10) 115 164 162 146 112 10.6
Immobilization (N = 5) 12.1 208 19.0 157 12.1 129
Denervation* (N = 5) 194 53.2* 59.0* 58.5* 46.7* 45.6*
Paraplegia® (N = 7) 283 62.2* 63.0* 429 28.1 234

* Different from control, P < 0.05.
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FIG. 3. K* Aluxes of denervated muscle after SCh
injection. Gallamine-pretreatment categories are:
none; gallamine, 0.5 mg/kg, 5 minutes before SCh;
gallamine paralysis (3 mg/kg initial dose plus 4
mg/kg per hour constant infusion begun 15 min-
utes before SCh). N =5 in each group. Calcula-
tions from data of Gronert et al.*

tent, owing to the shorter duration of action
of ACh.

Data on the protective effect of a prior
small dose of a nondepolarizing relaxant
indicate that a small dose attenuates the
hyperkalemic response, and that a much
larger dose is required to block it completely
(Rg. 3).11=4314344.8.38

Skeletal muscle developing disuse atrophy
as a consequence of tenotomy**® or im-
mobilization?3% does not manifest any con-
tracture with ACh or SCh; at most, there is a
small increase in sensitivity to ACh. The
response of immobilized muscle to SCh* is,
in general, similar to that of normal muscle,
in that there are both muscle relaxation and
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an approximate twofold increase in Vo (fig.
9). Its response is different from that of
normal muscle in that K* efflux is slightly
greater after SCh (fig. 1).

Paraplegic muscle®® is similar to im-
mobilized muscle in that its increase in
sensitivity to ACh is small. Paradoxically,
such muscle {and muscle affected by other
upper motor neuron lesions) is also similar to
denervated muscle. A contracture develops
with ACh®44%6 or SCh,** and muscle blood
flow (table 1), K* efflux (fig. 1), and Vo, (fig. 2)
increase sharply with SCh. K* efflux and Vo
of paraplegic muscle do not increase quite as
much as in denervated muscle. K* efflux, Vo,
and muscle blood flow are expressed per 100
g muscle and are actually amplified because
of the marked muscle atrophy. Thus, the
SCh-induced increases in systemic K* fol-
lowing paraplegia are only moderately greater
than those following unilateral sciatic-nerve
section, even though the initial affected
paraplegic muscle mass is perhaps three
times that of the denervated muscle mass.
With studies made 4 weeks after sciatic
denervation or cord section, Stone et al.®®
observed mean peak increases in systemic
plasma K* of 1.8 and 2.6 mEq/l, respectively;
we found increases of 1.2% and 1.7** mEq/l.

When denervated muscle atrophies, its K*
content decreases (table 2). The intracellular
K* content of atrophying individual muscle
fibers, expressed as concentration in noncol-
lagenous protein nitrogen, remains con-
stant,?? whereas fibrous tissue replaces totally
atrophied fibers, thus diminishing the K*
content of biopsy specimens.>®

The impressive weight loss of immobilized
muscle apparently is not related to total fiber
atrophy with connective tissue replacement,
because muscle K* content is the same as
that of normal muscle (table 2).

We found that paraplegic canine gastroc-
nemius muscle atrophied in 2 weeks as much
as denervated or immobilized muscle had in
1 month (table 2). This more rapid atrophy
may have been related to the animals’ lack of
appetite and their resulting poor nutrition.
The early weight loss of paraplegic muscle
apparently was not related to connective
tissue replacement, as muscle K* content was
similar to that of normal muscle (table 2). By
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4 weeks, however, muscle atrophy had pro-
gressed to 50 per cent, biopsy specimens
contained increased amounts of connective
tissue, and muscle K* content was much
decreased. With paraplegia, despite the in-
tact lower motor neurons, reflex activity was
virtually nil*s and the severe atrophy led to
fibrosis. This combination of atrophy and
fibrosis following cord section in dogs has
been reported.*

Muscle blood flow rate per 100 g wet
weight is highest in paraplegic muscle, com-
pared with denervated, immobilized, or nor-
mal muscle (table 1). This is probably ac-
counted for by the combined effects of sym-
pathectomy accompanying cord section and
muscle atrophy.

The differences in response between de-
nervated, paraplegic, and immobilized mus-
cle (figs. 1 and 2) are also probably related to
neurotropic effects. These tropic changes in
muscle become greatest as the end-plate and
muscle become most isolated from the
nerve. 61948 After denervation, SCh induced
the greatest changes in muscle blood fow, K*
flux, and Vo, because of the complete ab-
sence of neuronal influence. These changes
were not as impressive after cord section,
when lower motor neurons were intact but
isolated from higher centers and relatively
inactive. Immobilization effectively pro-
duced muscle atrophy, but, except for a
slight increase in K* efflux, the minimal
motor nerve activity prevented neurotropic
changes.

A recurring difficulty in analyzing data
pertaining to such considerations as sensitiv-
ity and atrophy is the ambiguous use of the
term “disuse.” For vears, this term has been
applied to the sequelae of cord section
(upper motor neuron lesion), when what is
really meant is disuse of nerve 2595 with
consequent disuse atrophy of muscle. Disuse
atrophy of muscle by itself is produced by
tenotomy®®€5 or immobilization**** Any
study of disuse associated with cord section
introduces the tropic effect*®* of an upper
motor neuron lesion on the anterior horn cell,
and subsequently the muscle. Since a portion
of the overall effect is apparently the
same—neuronal inactivity and muscular
atrophy—the differences may be semantic.
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TABLE 2. Ratios of Abnormal to Expected Normal
Canine Muscle Weights and K*
Content of Gastrocnemius

Ratio,
Abnormul Muscle Wtt
Experimental Expected K= (Mean = SE)
Condition Normal Muscle Wt (mEw100 g)

Normal“4*

(N =10) 1.0 86=03
Immobilization

10 days®

N=1) 0.86 92

20 days*?

N=1) 0.71 73

3040 days*

(N=35) 0.61* 84=03
Denervation*

3040 days

(N=25) 0.74* 51=07*
Paraplegia*

2 weeks

(N=4) 0.69% 8.3 = 0.6t

4 weeks

N=T) 051 53=03

* Different from normal, P < 0.05.

{ Different from 4-week paraplegic, P < 0.05.

{ Ratio of normal muscle weight (mean, 645 g)to
body weight {mean, 18.1 kg) = 3.61 x 1072

Changes in Muscle Sensitivity

Sensitivity of muscle is increased in five
sets of circumstances.

1) Nerve impulses cease for varying
periods after denervation,!s2% cord sec-
tion,?®>*# gr other upper motor neuron le-
sions,®® prolonged motor nerve blockade by
local anesthetics,® or blockade of transmitter
release by nerve toxins such as botulinum*®
or B-Lungarotoxin.' Sensitivity in mammals
begins to increase within a day or so and is
maximal within 10 days, with some species
variation.®

2) Degenerating nerve is associated with
an increase in sensitivity. When one of two
nerves to a single muscle is sectioned, sen-
v increases around the denervated
end-plate, despite the remaining functional
connection from the intact nerve.™ Similarly,
an area of increased sensitivity develops

d . '
202 Iudy 0} uo 1s9N6 Aq Jpd"81000-000L05.6L-Z¥S0000/LE6S6Z/68/L/EY/IPA-01o1E/ABO0ISaUISOUE WD IBYOISA|IS ZESE//:dNY WOl PapEojumMoQ



94 G. A. GRONERT AND R. A. THEYE

around an isolated short segment of excised
nerve placed on the surface of an innervated
muscle.s

3) Degeneration of muscle after trauma
results in markedly increased sensitivity,
though the motor nerve is still intact.*® Even
minor muscle trauma is effective; for exam-
ple, a thread placed on the surface of an
innervated muscle produces a temporary
slight increase in sensitivity.>

4) Disuse of innervated muscle may in-
crease sensitivity, depending on the type of
lesion. After immobilization from external or
intemnal fixation**%% there is a limited in-
crease in sensitivity—limited probably be-
cause the nerve was active for maintenance
of muscle tone.® After tenotomy, which re-
sults in continued constant shortening,® sen-
sitivity does not increase at all.®® Thus, the
level of conducted neuronal activity affects
the sensitivity of the postsynaptic recep-
tors.!3® For, after sensitivity has increased
(from several different causes),*®555% exter-
nal stimulation to nerve or directly to muscle
results in a decrease in sensitivity back
toward normal. This is but partially effective,
however, in the presence of degenerating
nerve®** or muscle.®

5) Axoplasmic flow is blocked by the use of
drugs such as vinblastine® or colchicine®
(which do not block mnerve conduction,
transmitter release, or neuromuscular trans-
mission), or by nerve section.®® Sensitivity
increases after either drug treatment or nerve
section; however, the increase after the latter
is delayed depending on the length of the
degenerating fiber—the farther the nerve is
sectioned from the muscle, the longer the
delay before sensitivity increases.®

Clinical Implications

Although SCh-induced hyperkalemia can
be related directly to supersensitivity in
muscle affected by denervation or direct
trauma, the relationship is not clear in regard
to upper motor neuron lesions or thermal
trauma.

Upper motor neuron lesions include cord
section, 557582 stroke,** ! multiple sclerosis®
or encephalitis with motor involvement*
and tetanus.’37® Although a slight increase
in sensitivity has usually (but not always)y*
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been demonstrated after cord section® this
increase is small compared with that for
denervated muscle,® despite the fact that the
hyperkalemic response is almost as great (fig.
1). Our limited data on sensitivity, involving
the low dose of SCh, suggest that sensitivity
was increased to some extent 4 weeks, but
not 2 weeks, after canine cord section. Sol-
andt and Magladery® demonstrated (fig. 4)
that rat paraplegic muscle showed an in-
creased sensitivity to ACh (albeit less than
that of denervated muscle) only during the
early period of muscle atrophy (the initial 12
days), when flaccidity was present. Once
reflexes returned and the muscle regained
weight, sensitivity rapidly returned to nor-
mal. Claude Bemard! likewise recognized
evidence of increased excitability in para-
plegic subjects. At that time testing was crude,
consisting of injecting small doses of
strvchnine and comparing the contractile
responses of abnormal and normal muscle.

We might infer from Solandt and Maglad-
ery’s® data (fig. 4) that the temporary period
of increased ACh sensitivity would mean that
the patient would be temporarily at risk to
SCh and that the hyperreflexic patient with
an upper motor neuron lesion should now
respond to SCh normally. However, this may
not be true, because the injection of SCh has
been followed by the finding in the venous
effluent of serum K* concentrations of 10
mEq/] from the hyperreflexic arm of a patient
with an upper motor neuron lesion secondary
to encephalitis.® It is not possible to say
whether this K+ was released by atrophic,
and presumably supersensitive, muscle or by
hyperreflexic, and presumably normally sen-
sitive, muscle. If the K* were released by
hyperreflexic muscle, then either the return
of reflexes could not override the tropic effect
of the upper motor neuron lesion and the
hyperreflexia is a sign of increased sensitiv-
ity, or the K* efflux would be related to
something other than increased sensitivity by
itself. Further investigations should examine
the relationship between supersensitivity
and SCh-induced K* efflux in upper motor
neuron lesions.

Assuming hyperactive reflexes are a sign of
increased chemosensitivity to ACh, then a
period of increased activity of abnormal mus-
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By permission of the American Physiological Society.)

cle in a patient with either an upper motor
neuron lesion or tetanus should produce a K*
efflux proportional to the amount of stimu-
lated abnormal muscle. This could account,
at least in part, for some of the episodes of
cardiovascular instability reported to occur in
patients with tetanus.® It also implies that
the period of risk to SCh in the paraplegic or
hemiplegic patient may persist indefinitely;
the present data suggest that this period is at
least 3 to 6 months*+®

The mechanism of hyperkalemia in burmed
patients*® may be due to muscle membrane
damage®**® or to increased chemical sensitiv-
ity related to disuse atrophy,*® but not to
disuse atrophy by itself¥ Bumed patients
suffer constant, unrelenting pain greatly ag-
gravated by movement and, in addition,
undergo considerable weight loss during
convalescence.? In a study of immobilization
atrophy,** animals were in excellent condi-

tion and probably maintained some muscle
tone in the plaster cast, despite more than 235
per cent atrophy. Thus, the K* efflux with
SCh was small. In a recent study of para-
plegia,® the animals ate poorly, were inactive,
and had flaccid paralysis—and no attempt
was made to activate the distal reflex ap-
paratus.® Yet their gastrocnemius muscles
atrophied much faster than did even dener-
vated muscle (table 2), which theoretically
should have been undergoing maximum at-
rophy because of both disuse and loss of the
motor nerve. If burned patients move little
because of severe pain and maintain poor
muscle tone, and if the effect of this relative
disuse of nerve and muscle is aggravated by
inanition, then atrophy and increased sen-
sitivity may occur, resulting in increased K¥
release by SCh.

In patients in whom SCh produces a
massive K* efflux, muscle loses compara-
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tively little K*. Muscle K* efflux resulting in
a decrease in muscle K= content of about 1
per cent is sufficient to increase serum K* to
10 mEq/l, a value generally associated with
cardiac depression severe enough to produce
circulatory arrest.3#715792% \fygcle K* loss is
shown by the following calculations: The K*
content of denervated* or paraplegic'> mus-
cle is about 5 mEq/100 g wet weight, or 50
mEq/kg. The proportion of muscle in a 70-kg
man is about 40 per cent’’; this amount of
muscle weighs 28 kg and contains 1,400 mEq
K~ (28 x 50 mEq). Since 2 per cent of K* in
muscle is extrcellular, the intracellular
muscle K content amounts to upproximutely
1,372 mEq. With a blood volume of 5 liters
and a hematocrit of 40 per cent, the plasma
volume is 3 liters. The concentration of K* in
the plasma is nomally about 4 mEq/l; the
total content of K~ in the plasma is then 12
mEq. Release of K~ by SCh produces a peak
increase in plasma K~ in 3 to 3 minutes. If
one assumes that all the muscle is abnormal,
that it releases K=, and that the concentration
of K* in the plasma increases from 4 to 10
mEq/]l, there will be 30 mEq K~ in
plasma—a 250 per cent increase; in this
patient the intracellular K~ content has de-
creased by 18/1,372, or about 1.3 per cent. If
the subject is paraplegic, then approximately
half of his muscle mass would release K~ and
the K- content of muscle would decrease
about 2.6 per cent.

After the efflux of K*, the increase in
circulating K~ is initially and mapidly taken
up by the liver and later recirculated to
muscle® This is consistent with the patterns
in figure 1, which show that, during the hour
of observation, K= influx only partially re-
places the K~ lost by efflux.

Clinical reports of SCh-induced hyper-
kalemia do not mention the associated mus-
cle contracture, although this has been re-
ported in animal studies.** Such contracture
has not been noted, perhaps, because of
preoccupation with vital signs, the elec-
trocardiographic picture, and. occasionally,
resuscitation. In studies not concerned with
hyperkalemia, SCh has been found to pro-
duce contracture of the denervated arm® and
of the ptotic upper evelid (third-nerve
palsy).® Other abnormal muscle that is sus-
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ceptible (e.g., in cases of myotonia™ or
malignant hyperthermia®=*) may respond to
SCh with a contracture. Use of SCh in
myotonia has, in general, been avoided, but
occasional administration has not resulted in
cardiovascular collapse® or marked increase
in serum K* when this has been measured.®
In malignant hyperthermia, the serum K*
concentration increases greatly when body
temperature has risen sharply and acidosis is
extreme.” The serum K* concentration may
increase rapidly when the response is
triggered by SCh* and more slowly when
halothane alone initiates the response.®4®
The SCh-triggered rapid increase, perhaps, is
due to muscle membrane efflux, and the later
slower increase is attributable to hepatic
release’® secondary to the stress of conditions
such as acidosis and hyperthermia.

Summary

SCh is unequivocally contraindicated in
the management of patients who have sus-
tained thennal trauma or direct muscle
trauma and those who have neurologic dis-
orders involving motor deficits, including
tetanus. The mechanism is clear in some, but
not all, of these conditions, and is related to
increased chemosensitivity of the muscle
membrane due to the development of recep-
tor sites in extrajunctional areas. Though SCh
induces a small release of K* in normal
muscle, it produces a potentially lethal efflux
in the presence of increased sensitivity. This
K--releasing action of SCh begins about 3 to
15 days after injury and persists for 2 to 3
months in patients who have sustained burns
or trauma, and perhaps 3 to 6 months in
patients with upper motor neuron lesions.
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SERUM PROTEINS IN BURNS  Serum pro-
teins were measured for 60 days after an
acute burn in children. Albumin concen-
tration fell by almost half and remained low
for the entire 60 days. Alpha-2 globulins rose
during the first two weeks due to increas-
ing haptoglobulin concentration. Gamma
globulin concentration fell to about 0.8 g/100
ml during the first week: most of the fall
was due to reduction in IgG. Patients who
died had even lower values of gamma globu-

lins. (Ritzmann, S. E., Daniels, J. C., and
Larson, D. L.: Diagnostic interpretation of
serum protein abnormalities in thermal
burns, Am J Clin Pathol 60:135-1-44, 1973.)
ABSTRACTER’S COMMENT: The authors recom-
mend repeated measurement by electro-
phoresis and treatment with albumin or
gamma globulin as indicated. They do not
present convincing clinical correlation and
have not attempted to measure results of the
recommended treatment.
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