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IT IS A COMMON CLINICAL OBSERVATION
that successful therapy of the early fluid
translocational phase of severely burned
patients is characterized by the mainte-
nance of high levels of urinary flow. Main-
tenance of this function is perhaps the best
clinical guide to the state of hydration of
the patient. The threat to renal function is
thought to arise from diminution in renal
blood flow, resulting primarily from a de-
crease in circulating blood volume.23 The
renal complications of severe burns may
vary from transient oliguria to anuria, and
if severe, resemble the clinical picture of
lower nephron nephrosis, seen in the crush
syndrome, traumatic shock, and other con-
ditions.16

In order to secure a fundamental knowl-
edge of glomerular and tubular function,
and renal hemodynamics in burned pa-
tients, the clearance technics developed by
Smith were utilized.22 It is believed that a
better understanding of the alterations of
function existing after burn injury would
improve our ability to cope with the thera-
peutic problems presented.

METHODS

It was decided to survey a group of
severely burned patients undergoing the
treatment currently practiced in our hos-

* This work was carried out under a contract
between the Medical Research and Development
Board, Office of the Surgeon General, United
States Army, and Baylor University College of
Medicine, Houston, Texas. Read before the Amer-
ican Surgical Association, Washington, D. C.,
April 12, 1951.

pital at varying periods post-burn to com-
plete recovery. In addition to the usual
clinical and laboratory studies, observations
of the glomerular filtration rate, the effec-
tive renal plasma flow, the maximal tubular
excretory capacity, the plasma volume, and
the thiocyanate space were carried out. Inu-
lin clearance1 was used as a measure of
glomerular filtration rate, and para-amino
hippurate clearance,2 at low plasma levels
of this agent, determined the effective renal
plasma flow. All clearance values were cor-
rected to 1.73 sq. meters body surface area.
Para-amino hippurate at high plasma levels
in saturation quantity was used to deter-
mine the maximal excretory capacity of the
tubules. The plasma volume was measured
by T-1824, Evans blue dye, using multiple
samples,3 and the total blood volume calcu-
lated from the hematocrit. The thiocyanate
space was measured by the method of
Crandall and Anderson.4 Two urine collec-
tion periods were used for each determina-
tion, one for inulin and low-level PAH
clearance, and one for high level PAH
clearance. Urine collection periods aver-
aged 20 minutes with satisfactory urine
flows, usually above 2 cc. per minute, and
relatively constant plasma levels of the
agents used were regularly obtained. The
fraction of the plasma filtered at the glom-
erulus (filtration fraction, per cent) was
obtained by dividing the glomerular filtra-
tion rate (cc./min.) x 100 by the renal
plasma flow (cc./min.). Normal ranges de-
picted on the figures include both sexes, the
uppermost line representing the upper limit
of normal for males and the lQwer line
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representing the lower limit of normal for
females.12

RESULTS

Sixteen renal functional observations on
eight severely burned patients with 15 to
80 per cent body surface area involvement
have been carried out (Talble I). With re-
gard to fluid intake, the treatment of this
group of patients was quite adequate, in
that urinary outputs above 100 cc./hour
were regularly seen and nitrogen retention
did not occur. As might be expected, blood
pressure determinations were within normal
range and clinical shock was not observed.
There was one death in the group due to
severe uncontrolled infection plus gangrene
of an extremity occurring 25 days after
burn. Renal failure was not a factor in this
patient's death. In addition to adequate
fluid and electrolyte therapy, adequate
amounts of plasma and whole blood were
used to counteract for the most part the
early plasma loss, and correct or prevent
the subsequent anemia. Hematocrit deter-
minations at all stages of therapy were kept
above 40 per cent so that anemia as a
factor in the production of abnormal kidney
function can be eliminated.17 A rather
severe hypoproteinemia (3.7 Gm. per 100
cc.) was observed in one case (R. R.) at the
time of his initial renal functional evalua-
tion. The possible importance of this factor
with relation to the abnormalities seen will
be commented upon.

It may be observed that during the first
two and a half week post-burn, a majority
of the glomerular filtration rate determina-
tions fall above or in the upper limits of the
normal range (Fig. 1). As emphasized by
the trend lines, there appears to be a ten-
dency for the filtration rate to descend to
normal levels during this period (Fig. 1).

The determinations of renal plasma flow
show no such change, the values falling
well within normal range (Fig. 2). In view
of the somewhat unusual relationship of
renal plasma flow to filtration rate, it is well
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to point out that the absolute validity of the
plasma flow data under abnormal condi-
tions such as were met here cannot be as-
sured without measurement of the extrac-
tion ratio of para amino hippurate by the
kidney. These measurements involve
analysis of arterial blood and renal venous
blood (obtained by renal vein catheteriza-
tion) for PAH, and were not practicable in
this series. However, the observance of
normal values for PAH clearance at low
levels (renal plasma flow) and at high
levels (tubular excretory capacity) as well,
would strongly suggest that the tubular cell
is extracting PAH normally and that the
determinations are valid.

Since the renal plasma flow studies are
within normal limits, and the glomerular
filtration rate data are considerably in-
creased, this increase must be accomplished
by an increase in the quantity of plasma
filtered.

Filtration fractions closely parallel the
trend noted in the glomerular filtration rate
(Fig. 3). The majority of values fall well
above normal range shortly after the burn
is received, and tend toward normal, reach-
ing this level coincident with the glomeru-
lar filtration rate.

In summary, the burn patients studied
show an unusual pattern of response, which
is characterized by an increased glomerular
filtration rate, a normal renal plasma flow,
and an increased filtration fraction. These
values trend downward to reach normal at
approximately two and a half weeks post-
burn. The directional arrows to be seen in
Figure 4 graphically summarize these
trends.

Determinations of the maximal tubular
excretory capacity reveal two points of in-
terest. Shortly after injury, all determina-
tions of tubular function are within normal
limits, but as time progresses, the excretory
capacity appears to increase (Fig. 5). After
two and a half weeks, three determinations
performed on one patient (C.C.) show con-
tinued tubular hyperactivity. Continuation
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of increased tubular activity for as long as
three months is perhaps open to question.
The laboratory determinations were satis-
factory in that saturation levels of PAH
above 60 mg. per 100 cc. were obtained as
well as relatively constant blood levels and
an adequate urine flow. It is possible that
the values noted represent a normal range
for that individual which have risen from a
previously depressed level. Obviously fur-
ther studies are needed to elucidate these
points.

DISCUSSION

Although there is a large volume of
work in the literature concerning the
various functional facets of the kidney,
there is a paucity of data concerning the
effects of burns upon these functions. A
search of the literature for the past ten

years reveals one reference to similar work
in man. Lawson, Bradley, Cournand5 re-

ported studies on two patients, carried out
in the immediate post-burn period, one of
which showed a relatively normal glomer-
ular filtration rate, a reduced renal blood
flow and, thus, an elevated filtration frac-
tion (36.9 per cent). This determination of
the glomerular filtration rate was consid-
ered to be technically questionable, how-
ever, and in the second patient, insufficient
data were recorded to permit calculation of
the filtration fraction. Reference was made
to a third patient with severe burns, who,
though not in shock at the time, as evi-
denced by a mean blood pressure of 75 mm.
Hg., exhibited a low filtration rate, an ex-

tremely low renal plasma flow, and an ele-
vated filtration fraction (41 per cent). It
was their conclusion that the increase in
filtration fraction probably represented a

fundamental pattern, and since the first and
second patients were examined after having
received 60a and 300 cc. of plasma respec-

tively, it was further concluded that this
pattern was probably not altered by plasma
therapy. No sufbsequent studies were re-
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ported. Dziemian noted a depression in all
renal functions in goats with 50 per cent

surface area third degree burn.4 In a sim-
ilar group treated with blood and plasma no

significant renal change from the control
was noted.

He observed, however, that the glomer-
ular filtration rate was maintained more

effectively than the renal plasma flow, thus
producing a rise in filtration fraction. Effer-
ent glomerular constriction was considered
to be the hemodynamic alteration produc-
ing this change. These observations are

similar to our own to the extent that an in-
creased filtration fraction was noted in both
series, suggesting that there may be a com-

mon factor in operation.
Any explanation of the changes noted

in the burn patient must take into account
functional variations produced by such fac-
tors as water load, blood pressure, blood
volume and interstitial volume, plasma pro-

tein concentration, and adrenal activity, to
mention a few. It obviously becomes ex-

tremely difficult to attribute any change to
a specific variable, when many variables
may affect that change, and are operating
simultaneously. It is also true that the
physiologic limits of variation are quite
wide, so that extreme caution must be
used in interpreting any apparent abnor-
mality. It is of value, however, to compare

the functional pattern seen in these burn
patients with that seen under various condi-
tions, so that the field of probable explana-
tion can be narrowed.

As has been indicated, successful ther-
apy of the severely burned patient demands
a large intake of fluid to diminish the dehy-
drating effect of fluid loss into and from the
burn wound. A characteristic of this group
of burned patients and others6 was a vary-

ing degree of expansion of the extracellular
space, as measured by sodium thiocyanate.
Though in these cases no direct correlation
between surface area damage and space
expansion could be drawn, the larger in-
creases of volume (up to 98 per cent)

tended to be associated with the larger
burns. Under normal conditions the kidney
will respond to overhydration with saline
solution by a relatively constant alteration
of functional pattern, i.e., an increased
glomerular filtration rate, an increased
renal plasma flow, and a maintenance of
their normal relationships so that the filtra-
tion fraction remains relatively constant.7
Figure 6 presents this pattern of response

and others compared to that seen in burned
patients. It is apparent that the absence of
a rise in renal plasma flow in the burned
group suggests that the observed alteration
is not due to increased hydration, per se.

With regard to the excretory capacity of the
tubules, Handley7 notes a direct relation-
ship between the glomerular filtration rate
and the tubular excretory capacity in that
increase in- the filtration rate by normal
saline injection is followed by increased
tubular function. This is deduced as evi-
dence to indicate that in the dog an in-
creased number of functioning nephrons
occur in response to this stimulus. The
question of whether the kidney can increase
the number of functioning nephrons in
response to overhydration or other stimulus
has never been satisfactorily answered. Our
data would indicate that there may not be a

direct relationship between filtration rate
and excretory tubular mass (Figs. 1 and 5).

Studies on the effect of thyroxin on renal
function8-'8 indicate that the pattern pro-

duced is one of increased glomerular filtra-
tion rate, increased renal plasma flow and a

relatively normal filtration fraction (Fig. 6).
Though it may be reasonable to assume an

increased thyroxin production in severe

burns, especially those showing evidence of
increased metabolism such as fever, the
functional pattern seen under these condi-
tions is essentially dissimilar to that seen

in burns.
The group of patients studied were nor-

motensive, as evidenced by direct measure-

ment, and by adequate urinary function.
Hypotension produces a characteristic pat-
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tern of renal function essentially dissimilar
to the one observed, i.e., a lowered glomer-
ular filtration rate, a lowered renal plasma
flow and a normal filtration fraction, which
later tends to fall as the hypotension per-

SiStS5' 21 (Fig. 6).

DOCA (desoxycorticosterone acetate) and
cortisone appear to be most fundamental.

\ DOCA produces an interesting pattern.9 19
--The glomerular filtration rate is increased,
as is the renal plasma flow, but to a greater
extent, thus giving a rise in filtration frac-
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FIG. 5.-The determinations of the maximal tubular excretory capacitv
are within normal range during the first two and a half weeks post-burn.
Three observations on one patient after three weeks are considerably above
normal range.

FIG. 6.-The functional pattern seen in burned patients is compared
here to the pattern of several physiologic variables.

Under conditions of severe thermal in-

jury, the adrenal cortex receives perhaps a

maximal stimulus for outpouring of corti-
coid hormones (the alarm reaction of
Selye'4). Of these substances, studies on

tion (Fig. 6). This pattern resembles that
seen in burns, with the exception of the
increased renal plasma flow. Though the
mechanism of this alteration is not known,
it may serve as a possible explanation for
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the changes seen. One group of observers
found cortisone to produce a constant glo-
merular filtration rate, an increased renal
plasma flow, and a diminished filtration
fraction.'0 We have carried out similar ob-
servations on five uneventful postoperative
cases. Each received 100 mg. of cortisone
daily for three days and showed no sig-
nificant change in renal function. It is pos-

sible that this difference in result is due to
difference in dosage of the drug, since the
investigation referred to used up 500 mg.

daily. In any event, the pattern noted is
essentially different from that seen in bums.

The concentration of plasma protein is
of considerable importance in the mainte-
nance of fluid within the glomerular capil-
lary by virtue of the oncotic pressure pro-

duced. Reduction of this concentration
must tend to increase the amount of fluid
lost through the capillary and thus produce
an increase in glomerular filtration rate.
Burned patients are commonly hypopro-
teinemic after two to three weeks, espe-

cially those with extensive burns. During
the first two days when hemoconcentration
is maximal, the plasma protein is usually in-
creased in concentration, though the total
circulating protein may be decreased.
Plasma and whole blood used in therapy
tend to diminish the protein loss. On theo-
retical grounds plasma protein deficiency
might seem to be a most reasonable expla-
nation of increased glomerular filtration
without increased renal plasma flow. How-
ever, hypoproteinemia usually does not
occur at the time when the increased filtra-
tion rate is at its peak. The adequate plasma
and whole blood therapy which these pa-

tients received would make this possibility
less likely. Studies of hypoproteinemia"l
with cirrhosis of the liver do not indicate an

alteration of functional pattern from the
normal, in spite of severe degrees of hypo-
albuminemia (3 Gm. per 100 cc.) (Fig. 6).
It was noted, however, that immediately
following treatment with human serum al-
bumin, the filtration rate and renal plasma

flow rose, the plasma flow rising to a greater
extent, thus producing a fall in filtration
fraction. It was further noted that this al-
teration in filtration fraction had returned
to its approximate pre-injection value by 24
hours. These data suggest that the effects
of diminished serum protein produce a

definite but relatively short-lived effect.
One patient in this series (R.R.) noted to
have a severe hypoproteinemia (3.7 Gm.
per 100 cc.) at the time of his first observa-
tion, revealed a moderate increase in filtra-
tion fraction (25.5 per cent). On his second
determination, at which time his total pro-

tein was 5.7 Gm. per 100 cc., an increase of
54 per cent over the previous value, a filtra-
tion fraction of 22.1 per cent was obtained.
Though the importance of this factor in de-
termining the observed changes must await
further study, it is probable that other
forces are more important.

Fever will produce a maintained glo-
merular filtration rate, an increased effective
renal plasma flow and a reduction of the
filtration fraction (Fig. 6). This change is
considered to reflect the kidneys' participa-
tion in the generalized vasodilatation and
specifically efferent glomerular vasodilata-
tion.22 In an attempt to separate the effect
of pyrogens and the fever they produce,
Coldring and Chasis12 gave pyrogenic inu-
lin and prevented the fever rise by the use

of amidopyrine. Following this, they noted
a pattern of response, characterized by a

maintenance of glomerular filtration rate,
an increase in renal plasma flow, and a fall
in the filtration fraction (Fig. 6) identical
with the previous response.

Since the oral temperature was fre-
quently elevated preceding the function
study in our series (Table I) the effects of
fever and pyrogen must be considered.
Comparison of the functional pattern of this
response with that of the burn patient re-

veals little similarity. Significant elevations
of the renal plasma flow are produced in
both conditions, which are not seen in the
burn series.
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In an attempt to evaluate the renal
functional changes seen in the hypertensive
nephropathies, the effect of adrenaline has
been studied."2 It was noted that this sub-
stance maintains the glomerular filtration
rate in the face of a reduction in renal
plasma flow by increasing the filtration
fraction (Fig. 6). Other investigators have
confirmed this pattern of response.20 This
alteration is thought to be accomplished by
efferent glomerular vasoconstriction, which
raises filtration pressure, and reduces renal
plasma flow.22 This pattern of response

was found to be characteristic of early
hypertension, and was considered to be a

compensatory mechanism for maintenance
of adequate glomerular filtration in the face
of reduction of blood flow.

Though the data reported here do not
closely follow the adrenaline response, it is
conceivable that under conditions of in-
creased filtration rate and renal plasma
flow, associated with a normal filtered frac-
tion, as might be expected from the in-
creased extracellular space determinations
noted on Table I, the addition of adrenaline
or some similar pressor substance might
produce enough diminution of renal
plasma flow to assume a relatively normal
level, maintain an already elevated filtra-
tion rate, and thus produce an increased fil-
tration fraction. The fact that this type of
pattern persisted for two and a half weeks
strongly suggests that, granting the above
assumptions, adrenaline is not the effector
agent, since the maintenance of any consid-
erable output of this drug for this period of
time seems unlikely. With regard to the
possible effect of absorption from the burn
wound of split protein products or bac-
terial toxins, one would anticipate that the
effect on the kidney would be a pyrogenic
r-esponse and would not serve as an ex-

planation of the observed changes.
To summarize, certain known physio-

logic variables produce relatively charac-
teristic renal functional changes which re-

semble, to a greater or lesser degree, the

observed pattern in burned patients. Of
these variables, the ones which seem most

applicable are (1) overhydration, (2) in-
creased thyroxin output, (3) hyperadrenal-
ism, especially desoxycorticosterone acetate,
(4) pyrogenic response, (5) hypoprotein-
emia and (6) increased adrenaline activity.
Ariel and Miller13 observed a pattern of
functional changes in a group of major sur-

gical cases in the immediate postoperative
period which are similar to those observed
in our burn patients. It was their conclusion
that the change noted was most likely hu-
moral in etiology, specifically adrenaline
and adrenocorticotropin. A slight depres-
sion in the tubular excretory mass was also
observed.

To choose one or a combination of the
above variables to explain the observed
changes is unjustified in view of the evi-
dence. Further studies are in progress to
attempt to clarify these relationships.

CONCLUSIONS

1. Severely burned subjects adequately
treated exhibit a degree of renal functional
compensation which is compatible with
complete recovery.

2. Sixteen renal clearance studies, car-

ried out on eight severely burned patients,
reveal a relatively constant pattern of re-

sponse, which may be characteristic of this
type of injury. It is characterized by an in-
creased glomerular filtration rate, a normal
effective renal plasma flow, and an in-
creased filtration fraction. This pattern is
noted within the second day post-burn, and
the filtration rate and filtration fraction de-
cline to reach and maintain normal values
at two and a half to three weeks after
injury.

3. Physiologic variables which might
conceivably produce the observed altera-
tion, i.e., over-hydration, increased thyroxin,
desoxycorticosterone acetate, pyrogenic re-

sponse, hypoproteinemia and adrenaline are

discussed. On the basis of the available evi-
624
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dence the mechanism of the observed alter-
ation must for the present remain unex-
plained.

4. Tubular function, as measured by the
maximal tubular excretory capacity was
within normal limits after injury in a group
of severely burned but adequately treated
patients. There appears to be a tendency
toward increasing excretory ability of the
tubule with the passage of time. The ma-
jority of the observations made before
three weeks post-burn were within normal
range, and the observations made after this
time on one patient appear to be sig-
nificantly high.
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