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Increased Rena! Perfusion and Kidney Size 

in Convalescent Burn Patients 

ICIeon W. Goodwin/ MO; Louis H. Aulick, PhD; 

Richard A. Becker^ MO; Douglas W. Wilmore, iilD 

• Renal blood fiw was elevated In convalescent burn patients shortly 
before dlschar. - (992±112 mL/mln/sq m In burn parents vs 551±37 
mL/min/sq m In normal subjects; meaniSE). Autopsy studies demonstrated 
that renal enlargement was a constant feature of patients after a prolonged 
hospital course; the kidneys of 28 patients who died after 60 days of 
hospitalization weighed 241±10 g vs 153±8 g In control subjects. The 
Increase In renal weight was primarily related to cellular hypertrophy and 
hyperplasla. These physiological and morphological findings in thermally 
injured patients may be a form of renal work hypertrophy following increased 
protein catabolism accompanying severe injury. 

(J4JM4 244:1588-1590, 1980) 

FOLLOWING extensive thermal in- 
jury and successful resuscitation, car- 
diac output rises, and this increase is 
associated in time with an elevation 
in metabolic rate.' The increase in 
blood flow is related to the size of the 
burn wound; the cardiac index may 
reach levels two to three times nor- 
mal.2 Although much of the addition- 
al circulation is directed to the burn 
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wound, other organs, including the 
kidneys and liver, increase flow 
requirements in response to metabol- 
ic and physiological demands of 
extensive injury.' We found that 
increased renal blood flow persists 
into the convalescent phase of injury, 
after the burn wound has completely 
healed, and is associated with strik- 
ing renal enlargement. 

SUBJECTS Ai,0 METHODS 
Renal Blood Flow Measurements 

Renal plasma flow was estimated by the 
clearance of aminohippurate with the use 
of the continuous infusion technique/ All 
studies took place in the early morning in 
well-hydrated, postabsorptive subjects. 
Two peripheral venous catheters were 
inserted. An appropriate priming dose of 
aminohippurate, 3 mg/kg, was given, and 
a constant infusion of the test solution 
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initiated through one catheter. From expe- 
rience, infusate concentration and pump 
speed were selected to maintain venous 
plasma levels of aminohippurate below 2 
mg/dL (usual infusion rate, 10 to 12 
mg/min). After at least 30 minutes of 
constant infusion, the subject emptied his 
bladder. Serial venous blood samples and 
carefully timed urine specimens were colt 
lected every ten to 15 minutes for three to 
five consecutive periods. All samples were 
immediately refrigerated after each col- 
lection. After completion of each study, 
urine and plasma aminohippurate concen- 
trations were measured spectrophotomet- 
rically. Mean aminohippurate clearance 
was then determined and renal blood flow 
calculated from the measured hematoerit 
value (mean in controls, 41%; mean in 
patients, 41%) and by assuming a normal 
aminohippurate extraction ratio of 0.91. 
This assumption was confirmed in three 
selected patients by renal vein catheteriza- 
tion. Body surface area was determined 
from height and weight. Renal blood flow 
was expressed in millimeters per minute 
per square meter of body surface. 

Subjects 

Renal blood flow was measured in five 
healthy control subjects (average age, 30 
years; range, 20 to 39 years) and in seven 
convalescing burn patients (average age, 
27 years; range, 19 to 49 years). The 
patients had sustained an average total 
body surface area burn of 39% (range, 
24.5%   to 61%) approximately  90 days 
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(ranne, 71 to 112 days) before study. All 
patients were studied just before dis- 
charge from the hospital, when their 
wounds were completely healed and when 
they were afebrile without evidence of 
infection or bacteremia over the preceding 
month. 

Autopsy Scrlas 

For a 60-consecutive-month period, the 
autopsy records of patients dying less than 
48 hours or mere than 60 days after hum 
injury were examined (autopsy rale, 91% 
of all deaths). 

Student's / test for unpaired data was 
used for statistical analysis. 

RESULTS 

Renal blood flow in normal subjects 
was 551+37 mL/min/sq m (mean+SE) 
and was elevated in the convalescent 
patients to 992+112 mL/min/sq m 
(P<.001). 

The mean kidney weight of 38 
patients dying within 48 hours of 
injury was 153+8 g, well within the 
weight range of histologically normal 
kidneys from a large autopsy series.' 
The mean kidney weight of 28 
patients dying 60 days or more after 
burn injury was 241+10 g (P<.001). 
Microscopic examination of kidneys 
from patients dying early demon- 
strated vascular congestion, engorge- 
ment, and edema in approximately 
half the patients, and in a few showed 
early tubular swelling or hemoglobin 
casts. In patients dying after pro- 
longed hospitalization, the major 
mie.oscopic features were cellular 
hypertrophy and hyperplasia. Inter- 
stitial edema was not a prominent 
feature, even in those two patients 
who had microscopic findings of acute 
tubular necrosis. No other postinjury 
renal pathology was noted in the 
patients dying 60 days or more after 
injury. 

COMMENT 

Rtmal blood flow, measured shortly 
before hospital discharge, was ele- 
vated in healed convalescent burn 
patients. Our flow studies were con- 
ducted over approximately the same 
postburn period as that covered by 
the autopsy series. Although not mea- 
sured in the same patient population, 
the increased renal blood flow may 
have been related to the increase in 
renal mass. Radiological studies in 
additional convalescent patients have 
suggested that increased kidney size 

is a common finding in these persons 
with an extensive injury ami a pro- 
longed hospital course. The increased 
flow may be required to support the 
increased renal cell mass in these 
patients. 

The autopsy series in our study 
demonstrated that increased kidney 
size occurs in burn patients during 
the chronic phase of their injuries 
(Figure). This enlargement, which is 
characterized by hype trophy and 
hyperplasia, was noted not only in 
patients dying after a prolonged com- 
plicated clinical course but also in 
nearly healed patients who died of the 

unanticipated complications of acute 
myocardial infarction and pulmonary 
embolism. Because of the prolonged 
and complicated clinical course, two 
patients demonstrated interstitial 
edema and tubular necrosis. However, 
histological examination did not show 
the presence of amyloid deposits or 
other infiltrative processes that could 
account for the increase in renal 
weight. Thus, the difference in weight 
between the two groups of patients is 
most likely due to chronic increases in 
renal cellular mass induced by large, 
slow-healing thermal injury. 

An increase in renal size has been 

Kidneys of patient who died on second day after burn (top; weight, 120 g) compared with 
those of patient who died 61 days after burn (bottom; weight, 420 g). Photographs were 
taken from same distance. 
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associated with a number of patho-
logical proce . It occurs in chroni 
alcoholics with cirrho is and fatty 
metamorph i of the liv r .• Renal 
nlarg m nt i proportional to the 
xt nt of liver enlarg ment in the 

patients, and th added ti ue ma i 
due to marked cellular hyperpla ia 
and hypertrophy, with nlarg ment 
of glomerular diameter. mpensato­
ry growt h of the r maining kidney 
follow unilateral n phrectomy.' Al ­
though protein and RNA ynth i 
in rea within a day or two of 
unilat rat nephrectomy, vi ibl 
largem nt requir vera! w 
Hi tologically, th majority of 
in r a in renal ma i du to 
hyper t rophy, and glomeruli increa 
in iz but not in number. Tubular 

II , how v r , do becom hyperpla -
tic and a ount for appro imately one 
fourt h of th in r ased r nal ma . 
Alth ugh ubject to i differ-
n , glom rular filtration rate, tu­

bular r ab rption of sodium, and 
effectiv renal pia ma flow gen rally 

rapid ly after unit te ral n 

Th stimulu for increased r nat 
perfu ion and kidney iz in onval s­
cent burn patient i no known. 
A sociated with the cir ulatory and 
metaboli hange that follow vere 
thermal burn , glomerular filtration, 
renal blood flow, and renal oxyg n 
con umption in re two to three 
tim s above normal vatu .' Hyper-
m taboli m induced b ld tr 

perfu ion in burn pati nt i 
increased m tabolic work requir d to 

r te the larg sodium load or end 
produ t of pr tein ataboli m. Ma -
ive sodium lo d , up to 5,000 mEq, 

ar u ually required to re uscitate a 
pati nt with a large th rmal burn. 
R nat hypertr ph can be produced in 

perimental animal by prolonged 
intak of sod ium-contai ning flu id.'• 

The iner ased I ri upport re-
quired to maintain body w ight and 
to pr mot he ling of t he bu rn wound 
may impo additional burden on th 
kidney . itrog n e cretion ma ur­
pa 30 g/ day in you ng adul t pati nt 

References 
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