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Serum and Urinary Enzyme Activity After Renal Infarction
M. H. GAULT, M.D., M.Sc* and G. STEINER, M.D.,t Montreal

ABSTRACT

Recently it has been observed that the
activity of certain enzymes in serum and
urine may be increased after renal infarc¬
tion. Although aortography or selective
renal angiography should be the diagnostic
corner-stone on which one would proceed
to embolectomy, it is possible that enzyme
assays may serve as laboratory aids to sug¬
gest or confirm the diagnosis. This paper
reviews the few existing clinical and
experimental studies and reports on two

patients who had a total of three episodes
of renal infarction. Serial determinations
after one episode showed increased activity
of serum oxaloacetic glutamic transaminase
(SGOT) and of lactic acid dehydrogenase
(LDH) and alkaline phosphatase in the
serum and urine; some elevated serum LDH
and SGOT values were recorded after the
other two infarctions. The time of onset and
duration of these increases are discussed,
and the possible difficulty in differentiating
renal from myocardial infarction is illus-
trated.

THE difficulty in diagnosing renal infarction
by means of clinical criteria is exemplified

by the study reported by Hoxie and Coggin,1 who
found on an autopsy review in 1940 that only
two of 205 cases had been diagnosed during life.
Accurate diagnosis of renal artery occlusion with
renal infarction is more important now that ad-
vances in vascular surgery have made it possible
sometimes to restore renal function even though
up to four days may have elapsed since occlusion
occurred.2 Although at present aortography or

selective renal angiography should be the diagnos¬
tic corner-stone on which one would proceed to
an embolectomy, increased activity of certain
enzymes in serum and/or urine has been reported
after renal infarction. Enzyme assays might serve

therefore as laboratory aids to suggest or to con¬

firm the diagnosis, particularly in patients for
whom one would not consider surgical treatment.

Elevation of the serum oxaloacetic glutamic
transaminase (SGOT) values after renal infarction
has been reported in man3' 4 and in dogs,3 and of
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serum and urine lactic acid dehydrogenase (LDH)
after both renal infarction and ischemia in dogs.5
An increase in serum SGOT and LDH, due pos¬
sibly to renal infarction, has been reported in one

patient.6 Alkaline phosphatase activity was reported
to have increased in the serum after ligation of
the renal artery in dogs78 and in two patients
in whom Duggan4 found normal values some time
before but elevated values after renal infarction.

In the following communication two cases are

presented which add to our knowledge of changes
in serum and urinary enzyme activity after renal
infarction and illustrate the possible difficulty of
distinguishing myocardial infarction from renal in¬
farction, especially when SGOT and serum LDH
activities are increased.

Methods
Serum oxaloacetic glutamic transaminase

(SGOT) was determined by the method of Reit-
man and Frankel;9 serum lactic-acid dehydrogen¬
ase (LDH) by the method of Berger and Broida10
or Cabaud and Wroblewski;11 serum alkaline phos¬
phatase by the Kind and King modification of the
King-Armstrong method as adapted for the Auto-
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Fig. 1..Case 1..Intravenous pyelogram, July 1964. The
right kidney fails to excrete dye but is of the same size
as in March 1964. The left kidney shows a scalloped area at
the junction of the middle and lower thirds.

Analyzer;12 and serum ceruloplasmin by the
method of Ravin.13 The analytical methods used
for determination of urinary LDH and alkaline
phosphatase were the same as those for serum,
except that the urine for both tests was dialyzed
for two hours against cold running tap-water14 in
cellulose dialysis casing and
urinary LDH was assayed
using 1 ml. of undiluted
dialyzed urine. The normal
range for urinary LDH (0-15
units/g. creatinine) and for
alkaline phosphatase (0-13
units/g. creatinine) has been
determined in 26 and 35
normal subjects respectively,
as part of a study of these
enzymes in tumours and other
disorders of the urinary
tract.15 Other determinations
were carried out by standard
methods.

Case 1..A 65-year-old man

began to suffer from precordial
pain in September 1962. In
December of that year he was
admitted to hospital for treat¬
ment of acute anterior myo¬
cardial infarction, the diagnosis
of which was confirmed by
electrocardiography. Atrial fib¬
rillation occurred for a short
time. Anticoagulant therapy was
instituted, and the patient re-

covered without complications.
On March 15, 1964, two months
after discontinuance of anti¬
coagulants, he was readmitted,
complaining of left upper ab¬
dominal pain associated with
nausea and vomiting. An intra¬
venous pyelogram was con¬

sidered normal, although the lateral one-third of the
left kidney was obscured by intestinal gas. As values
for SGOT and serum LDH were elevated (Table I),
it was considered, we believe incorrectly, that despite
the unchanged electrocardiographic findings, the pa¬
tient had had another myocardial infarction. He made
an uneventful recovery and was discharged without
anticoagulants. One month later he began to suffer
from left calf pain on moderate exertion.

TABLE I..Serum LDH and SGOT Values after Renal Infarction

Days after onset of pain:
0 12 S 4 5

Case 1.March. 58 61 64 42
Case 1.July. 32 147 104 58 46 42 SGOT
Case2. 30 134 108 (units per ml.)
Case 1.March. 900 930
Case 1.July. 700 2140 >2000 >2000 >2000 2010 LDH
Case 2. 1900 1980 (units per ml.)

On July 30, 1964, he was readmitted complaining
of excruciating right flank pain of 12 hours' duration;
this pain radiated to the right costovertebral angle and
was associated with nausea and vomiting. His blood
pressure was 160/80 mm. Hg, pulse 80/min. and
regular, and temperature 97° F. Apart from marked
diffuse right abdominal and loin tenderness, and absent
left popliteal and pedal pulses, the physical examina¬
tion was normal. The urine showed a specific gravity

Fig. 2.Case 1..July 1964. Hg203-chlormerodrin (Neohydrin) renal scan (above)
shows lack of significant uptake by the right kidney and a scalloped non-functioning
area at the junction of the middle and lower thirds on the lateral border of the left
kidney. Ii3i-iodohippurate (Hippuran) renogram is shown below.
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of 1.030, no protein, and a normal sediment. His
leukocyte count was 15,000 per c.mm., with a poly-
morphonuclear leukocytosis. The electrocardiogram
was unchanged. An intravenous pyelogram (IVP) re¬
vealed that the right kidney failed to excrete dye, and
there was a scalloped area on the lateral margin of
the left kidney at the junction of the middle and lower
thirds (Fig. 1). Hg203-chlormerodrin (Neohydrin)
renal scan and I131-iodohippurate (Hippuran) reno¬

gram also indicated lack of significant function of
the right kidney (Fig. 2), and the scan revealed an
area without uptake corresponding to the scalloped
zone on the left kidney seen on the IVP. Aortography,
20 hours after admission, demonstrated complete oc¬
clusion of the right renal artery about 4 cm. from its
origin. One day after admission the urine contained
40 to 50 erythrocytes and four to six leukocytes per
high-power field and 78 mg. protein /100 ml. The
patient was treated conservatively with bed rest and
anticoagulants.

Fig. 4..Case 1..January 1965, six months after right
renal infarction; combined tomography and IVP. The right
kidney is much reduced in size compared with findings in
March and July 1964. The left kidney shows loss of sub¬
stance at the lower lateral border.
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Fig. 3..Case 1..Alterations in serum and urine enzymeactivity and in renal function after renal infarction. Urine
enzymes are represented by bars. Upper limits of normal
ranges for serum and urine LDH and alkaline phosphatase
are indicated by dotted lines.

The changes in activity of serum and urine enzymes
are depicted in Fig. 3. On admission the SGOT was
32 units and serum LDH 700 units. On the second
hospital day, these values had increased to 147 and
2140 units respectively, and the serum alkaline phos¬
phatase was 8.8 King-Armstrong units; the latter rose
to a peak of 46 units on the 12th day. The serum

ceruloplasmin, which was elevated at 55 mg./lOO ml.
one day after admission, reached a peak of 62 mg./lOO
ml. on the 20th hospital day and had declined to
normal by the 26th day. Urinary alkaline phosphatase
activity was normal on the second hospital day but
was elevated one day later, and urinary LDH activity
was normal on the third hospital day but was elevated
two days later: values expressed as the more conven-
tional units per eight-hour volume showed a degree
of elevation comparable to values expressed as units/g.
creatinine. The blood urea nitrogen (BUN) rose tem-
porarily from 20 to 29 mg./lOO ml. and the 24-hour
creatinine clearance varied between 35 and 60
ml./min.: it had been 108 ml./min. in January 1963.
There was no evidence of hepatic or biliary tract dis-
order and a patent hepatic artery was visualized on

aortography. After six weeks in hospital the patient
felt well and was discharged on anticoagulant therapy.

In January 1965, six months after the occurrence
of right renal infarction, he was well and normotensive.
Intravenous pyelography combined with tomography
revealed that the right kidney measured 8 cm. x 3.5
cm. and excreted some dye (Fig. 4); in March and
July 1964 it had measured 13 cm. x 6 cm.

Case 2..Serum LDH and SGOT activity after renal
infarction were studied in a 47-year-old man who had
mitral stenosis and atrial fibrillation. The diagnosis
of renal infarction was based on the acute onset of
severe left upper abdominal and loin pain, with nausea
and vomiting, marked tenderness of the lef* loin, the
presence in the urine of four to six red blood cells per
high-power field (none had been seen previously),
and the finding on intravenous pyelography of almost
complete lack of dye excretion by the left kidney. Both
SGOT and serum LDH values became elevated
(Table I).

Discussion
In Case 1, an embolus from a mural thrombus

following myocardial infarction is considered to
be the most likely cause of the right renal artery
occlusion with infarction in July 1964. The occlu¬
sion was confirmed by aortography and the in¬
farction by the considerable reduction in kidney
size (Figs. 1 and 4). Such an event is considered
to account also for the episode of left upper ab¬
dominal pain in March 1964; in view oi the ele¬
vated SGOT and serum LDH values, and despite
the unchanged electrocardiographic findings, this
had been diagnosed as due to myocardial infarc¬
tion. In retrospect, the diagnosis of left renal
infarction appears most likely when one considers
the pain pattern, which was similar to that which
occurred in July 1964 on the right side, and the
presence of a scalloped non-functioning area seen

subsequently on IVP, renal scan and aortography
(Figs. 1,2 and 4).
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Serum Enzymes
SGOT..Frahm and Folse,3 in their studies on

dogs and on one patient, recorded a peak SGOT
value of 62 to 155 units one day after the occur¬

rence of unilateral renal infarction, with a return
to normal by the fourth day. Duggan4 reported
two cases in which the SGOT was elevated after
renal infarction, in the first case to 102 units at
two days and in the second to 61 units at an un-

specified interval after infarction. However, other
disease processes complicated the picture in both
cases. In the three episodes of renal infarction
considered in the present paper (Table I and Fig.
3), SGOT activity on the day of onset of symptoms
was normal in the two instances in which it was

assayed; on the following day activity reached a

peak in two episodes, and was close to the peak
value found in the other instance. Four days after
onset of symptoms activity was almost normal in
the two recorded instances.
LDH..The level of LDH may be a more useful

parameter than the SGOT, though equally non-

specific. In Case 1, in July 1964 (Table I and Fig.
3) the LDH level was significantly elevated on

admission, whereas the SGOT was not significantly
elevated at that time. A similar early elevation of
serum LDH after renal infarction was found by
Bett et al.5 in dogs. Also, in Case 1, serum LDH
activity was significantly elevated for 14 days, com¬

pared with three for SGOT. The extent of elevation
in each of the three episodes reported here was

proportionally somewhat greater for LDH than for
SGOT (Table I).

Alkaline phosphatase occurs in high concentra¬
tion in the proximal convoluted tubular cells of the
kidney.14 Experimental studies in dogs have shown
that, after renal artery ligation, serum alkaline
phosphatase values rise within 12 hours but have
begun to fall at 48 hours.8 In Duggan's4 two
patients, although increases in activity were rela¬
tively slight and other disease processes compli¬
cated the picture, significant elevations appear to
have occurred between five and 18 days after
infarction in one patient and between three and 10
days in the other; and the duration of increased
activity cannot be deduced from the data pre¬
sented. After the right renal infarction in our Case 1
(Fig. 3), alkaline phosphatase activity first became
elevated on the fifth hospital day, rose to a peak
of 46 King-Armstrong units at 12 days, and re¬

mained significantly elevated until the 28th hos¬
pital day. Although activity was not increased in
the early stages, because elevation is prolonged,
assay might prove of value in the case presenting
late or in helping to distinguish a renal from a

myocardial infarction. Other disorders accompanied
by destruction of renal parenchyma, such as acute
cortical necrosis, might cause a diagnostically im¬
portant increase in activity.

Urinary Enzymes (Fig. 3)
Alkaline phosphatase activity in urine has been

reported to be increased in patients with renal
infarction;16 also in persons with renal tumours14
and renal parenchymal diseases,20 and with acute
disorders not primarily involving the kidney, such
as pulmonary embolism.14 In Case 1, alkaline phos¬
phatase activity was normal in urine collected dur¬
ing the first day, was significantly increased on

the second, reached a peak on the third day, and
returned to normal at nine days. The reason for
the earlier rise and fall in urinary alkaline phos¬
phatase as compared with serum values is not
apparent. Although activity has been found in¬
creased in the urine when serum values have been
markedly elevated, for example in Paget's disease
or obstructive jaundice,15 it is clear that in Case 1
the rise in urinary enzyme activity preceded and
was independent of the rise in the serum.

LDH activity in urine has been found to be in¬
creased in patients with renal infarction,14 neo¬

plasms of the kidney, bladder or prostate,14'17 and
in various other renal and urological disorders.18"20
The urinary LDH activity in our Case 1 was nor¬

mal on the second day, was not assayed during
the next 24-hour period, and was elevated during
the next four days. In their experiments with dogs,
Bett et al.5 found that in most instances the urinary
LDH activity began to increase 48 hours or more

after renal infarction had occurred.
In the clinical conditions being considered, the

probable greater specificity of urinary than of
serum enzymes, with respect to renal pathological
states, should constitute an advantage. Unfortu¬
nately, at least during the first day after infarction
when diagnostic assistance is most required,
changes in urinary as well as serum enzyme activity,
if present, may not be great enough to be of diag¬
nostic value. A prerequisite for elevation of urinary
enzyme activity is the formation of urine by the
infarcted kidney.

Further knowledge of the time when activities
of these enzymes in serum and urine become ele¬
vated, reach a peak and decline to normal, and of
information correlating lesion size with alteration
in enzyme activity is necessary for their accurate
interpretation in the differential diagnosis of ab¬
dominal and thoracic disorders which may have
features in common with renal infarction.
Summary
Case histories of two patients who suffered a total

of three renal infarctions are presented. Increased
activity of serum oxaloacetic glutamic transaminase
(SGOT) and of serum and urine lactic acid dehydro¬
genase (LDH) and alkaline phosphatase were noted
after one episode, and elevated serum LDH
and SGOT values after two other episodes. The per¬
tinent literature is reviewed and the possible difficulty
in distinguishing renal from myocardial infarction is
illustrated. Assay of serum and urinary enzymes may
prove to play a limited role in suggesting or confirm-
ing the diagnosis of renal infarction, and awareness
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that this lesion may result in increased activity of these
enzymes in the serum is important.

ADDENDUM
Recently, a study2' came to our attention in which values

for alkaline phosphatase and LDH were found to be
elevated in serum and urine following myocardial infarction.
Also, we have followed a patient with pulmonary infarction
without evidence of hepatic congestion, who developed an
elevated serum alkaline phosphatase. It appears therefore
that a rise in serum alkaline phosphatase activity may not
necessarily favour the diagnosis of renal infarction over
myocardial or pulmonary infarction.
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Evaluation of a Tuberculosis Mass Survey Conducted in the City
of Chatham and in Kent County, Ontario, in 1963

A. I. CUNNINGHAM, M.D., D.T.M.&H.,* D.P.H., St. Catharines, Ont.

ABSTRACT

Computer analysis of the results of a mass
tuberculosis survey of the population of
Chatham city and Kent County, Ontario,
was carried out to assess the efficacy of
such surveys as a case-finding device. Six
cases of active tuberculosis were found
during the survey and approximately 50%
of the 89,427 inhabitants of Chatham and
Kent County were surveyed with radio-
graphs and Heaf skin tests.
A follow-up study of the Heaf test con-

ducted in the public school of Wallaceburg
detected 70 Heaf-positive children out of a
total of 1190. These Heal-positive children
were further tested with a Mantoux test
(5 T.U.) and chest radiography. Only 11
children of the original 70 were Mantoux-
positive.

These findings further support the hypo-
thesis that the Heal test, as now read, over-
reads for M. tuberculosis infections.

SOMMAIRE
Les r6sultats d'une enqu.te de masse sur
la tuberculose au scm de Ia population de
la vile de Chatham et du comt6 de Kent,
en Ontario, ont 6t6 analyses par un
ordinateur .1ectronique, en vue d'6valuer
l'efficacit6 de ces enqu.tes comme moyen
de d6couvrir de nouveaux cas. Six cas de
tuberculose active ont .t6 d6cel. pendant
l'enqu.te, et .i peu pr.s la moiti6 des 89,427
habitants de Chatham et du comt6 de
Kent subirent des radiographies pulmonai-
res et les cuti-r6actions de Heaf.

L'analyse subs6quente d'une s6rie
d'6preuves de Heal effectu6es dans les
&oles publiques de Wallaceburg a d6cel6
70 cas positifs au test de Heaf sur un total
de 1,190 enfants. Ces enfants qui pr6-
sentaient un test de Heaf positif furent
ensuite soumis au test de Mantoux (5 U.T.)
et . une radiographie pulmonaire. Des 70
cas positifs au test de Heaf 11 seulement
pr6sentaient une r.action positive au test
de Mantoux.

Ces constatations viennent conffrmer
l'hypotbese que le test de Heal, comme
on 1'interpr.te actuellement, donne des
r6sultats surfaits pour les infections tuber-
culeuses.

A GREAT deal has been written which suggests
tuberculosis is decreasing in North

American communities. Present methods of finding
active cases of tuberculosis, however, were de-
veloped in the period when tuberculosis was still
a major cause of morbidity and death. Because of
the changing pattern of the disease, it is now un-

*Formerly Director and Medical Officer of Health, Kent
County Health Unit, Chatham, Ont. Present address: St.
Catharines-Lincoin Health Unit, Box 13, St. Catharines,
Ont.

perative to evaluate the efficacy of mass tuber-
culosis surveys and other case-finding methods.
Data processing by machine is relatively common
now in industry and these facilities can be used
with advantage in the evaluation of such surveys.


