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ABSTRACT

Five hundred patients with the isomorphic pattern of the isoenzymes of
serum lactate dehydrogenase (LDH) were surveyed. The isomorphic pattern
of LDH isoenzymes is defined as a significant increase of total LDH with
normal or low percentage of individual fractions, but with the LDH,., ratio
less than unity. Diagnoses were, in descending order of frequency, cardio-
respiratory diseases, malignancy, fracture, diseases of the central nervous
system, infection/inflammation, hepatic cirrhosis and/or alcoholism, trauma
without fracture, infectious mononucleosis, hypothyroidism, uremia, necro-
sis, pseudomononucleosis, viremia and intestinal obstruction. Incidence of
increased serum activity in individuals without evidence of disease or drug
explanation was 3 percent. Low PaO, was observed in 88 percent of the 67

patients in whom it was measured.

Introduction

Serum of some patients with neoplastic
disease has been known to exhibit an ele-
vation of lactate dehydrogenase
(LDH).%1%24 Such increases bear correla-
tion with dissemination3® and may fall fol-
lowing effective treatment.*7-21-2%:39 Cer-
tain nonneoplastic disorders, including
cardiovascular disease, cause serum total
LDH to increase. Thus, although cancer
patients as a group have higher LDH

levels than normals, LDH is not cancer
selective #1837 LDH is among a group of
glycolytic enzymes which have been
called ubiquitous.®?® LDH has been
found to be higher in children than in
adults, suggesting a relationship between
LDH activity and growth.*10-11.16

As techniques for identification of
isoenzymes developed and improved,
serum LDH estimations became enorm-
ously more useful. The clinical signifi-
cance of the isoenzymes of LDH became
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apparent when alterations of serum LDH
patterns in acute infarct of myocardium
were demonstrated.?® With recognition of
elevations of LDH, and inversion of the
LDH,., ratio, seen in destruction of
myocardium, megaloblastic and hemoly-
tic anemias, and of LDH; elevations oc-
curring in liver and striated muscle dam-
age, attention was turned to other pat-
terns. The isomorphic pattern was sub-
sequently described. Cohen et al, using
agar gel, discussed diseases with ele-
vated serum LDH levels and normal
LDH isoenzyme distributions.® Instances
were cited of metastatic carcinoma, poly-
cythemia vera, secondary erythrocytosis,
reticulum cell sarcoma, myeloma and
hypothyroidism.®

Wright and coworkers discussed 30 pa-
tients with a variety of malignant dis-
eases, characterized by an absolute in-
crease of all fractions in LDH separations
and relative increases in LDH;.*° An ab-
solute increase in all LDH isoenzyme
fractions was found in patients suffering
from shock. However, these inves-
tigators, reporting in the middle 1960°s
with relatively small numbers of cases,
did not indicate the minimum total level
of LDH necessary for definition of the
isomorphic pattern. Neither did Zondag
and Klein, who used agar gel electro-
phoresis to study the sera of over 4,000
patients, including 474 cases of malig-
nancy.* They reported a ‘malignant pat-
tern” in 44 instances of nonmalignant
conditions, including infectious mono-
nucleosis, acute infections, acute intox-
ications, extensive tissue necrosis,
pulmonary embolism and hypocalcemia.
Galen and Gambino, writing with par-
ticular reference to myocardial infarction,
found 40 percent of their LDH patterns to
be other than LDH,., inversion or LDH;
elevation.!3

The present investigation was de-
signed to study the clinical significance
of the isomorphic distribution of LDH
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isoenzymes and to ascertain relation-
ships, if any, with several other labora-
tory tests. By learning the types of dis-
eases giving rise to the isomorphic pat-
tern the present authors hoped to dis-
cover avenues for subsequent studies
with appropriate control groups.

Materials and Methods
CrLINICAL CHEMISTRY

Total LDH was obtained from an SMA
12/60™ utilizing a 340 nm channel and a
modified Wacker procedure.* Normal
range of total LDH for adults by this
method is usually considered to be 100 to
225 U per liter. However, in our evalua-
tion of normal, based on 96 samples from
69 healthy adults, the mean and standard
deviation were 156 and 22 U per liter,
respectively, giving a normal range X = -
2 S.D.) of 112 to 200 U per liter. A higher
normal limit for infants and children di-
minishes to adult norms at puberty.

Electrophoretic separation was carried
out on agarose plates. Identification of .
the LDH isoenzyme activities is based
upon the conversion of lactate to pyru-
vate, coupled to reduction of the dye,
formazan. Quantitation is achieved by es-
timation of the amount of formazan pro-
duced. The method is a modification of
the Pfizer system.} Several modifications
were introduced. After electrophoresis
for 50 minutes at 90V, 14 m.a., the mem-
brane was floated on color reagent,
agarose side down, with care that the
membrane was fully coated. Fixation in
10 percent acetic acid and methanol fol-
lowing incubation was not used; instead,
three rinses of deionized water for 10
minutes each were utilized. All agarose
membranes were scanned densito-
metrically at 520 nm and peak areas cal-

* Technicon Method No. SF4-0021F, Technicon
Instruments Corporation, Tarrytown, NY.
t Pfizer Diagnostics Divsion, New York, NY.
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culated from automatic integration. An
LDH; fraction is consistently generated
from the method. No serum was frozen
during any part of the study.

Total LDH and its isoenzymes were
run upon the sera of 22 normal females
and 20 normal males. Normal limits for
each isoenzyme fraction based on per-
centages were established. The normal
range is given as the mean plus or minus
2 S.D. Normal ranges for total LDH and
each isoenzyme are expressed in table L.
By definition, patterns with elevation of
any fraction above its limits of normal or
with inversion of the LDH,., ratio
excludes the pattern as one having an
isomorphic configuration for the pur-
poses of the study.

CASE COLLECTION

An arbitrary number of 275 U per liter
was selected as the minimal adult level to
be considered as an isomorphic pattern.
Higher values were required for chil-
dren. The range of LDH in pediatric
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study cases was 305 to 2400 U per liter.
Unselected consecutive cases filling
these criteria were used in order to
evaluate the significance of the isomor-
phic pattern in a community hospital set-
ting. During the study period from March
1972 to September 1975, these patients
constituted 21 percent of all LDH isoen-
zyme studies and 1.4 percent of adult
non-obsteiric admissions. Some had mul-
tiple admissions. They had a total of 587
isomorphic patterns.

First and second diagnostic categories
were entered on data cards from which
information was encoded into an IBM
370/145 computer. Age, sex and percen-
tage of each LDH isoenzyme fraction
were recorded. The SMA tests of total
LDH, aspartate aminotransferase (GOT
or ASAT, 340 nm channel), alkaline
phosphatase (Alk.P.) and total bilirubin
were entered (table I). Leucine amino-
peptidase (LAP), gamma glutamyl trans-
peptidase (GGTP, normal for females to
18 and for males to 28 U per liter at 30°),
alpha, globulin and PaO, with or without

TABLE T

Means with One Standard Deviation for Measured Parameters

Major Number Male/ Total Alkaline Total
Diagnostic of Female LDH LDHl LDH LDH LDH4 LDH5 GOT Phosphatase Bilirubin
Category* Patients Age Ratio U/l Percent U/l u/1 mg/dl
Cardio-respiratory 194 68%17 78/116 360206 21%4 30t4 24%4 13%3 11%3 55%52 124%83 1.1*1.9
Cancer 124 65tl6 58/66 554+415 17+5 314 26+4 154 10+3 64165 228259 1.2+3,1
Fracture 40 60x26 14/26 322+51 193 2944 2643 1443 1243 54+42 11374 0.8%10.6
Central nervous system 33 6716 12/21 344160 21+4 3043 24%4 13%3 1143 6564 105250 1l.1%1.0
Infection/inflammation 33 55f21 12/21 357+132 20+4 31+4 25+3 13+3 11+2 55%59 118106 0.6%0.3
Cirrhosis/alcoholism 26 60x10 12/14 334+50 2243 33t4 2443 12+2 10+3 92461 176100 2.74.4
Trauma without fracture 24 46*25 8/16 327+42 17+4 29+4 26%3 1544 13%£3 75351 98+96 0.8%0.3
Mononucleosis 22 17+4 13/9 442+168 173 29%3 29+3 152 1043 11979 241+134 1.6%2,5
Hypothyroidism 19 60£18 2/17 347+65 21+4 32%4 24#4 13%3 1133 5127 89£36 0.8%1.2
Uremia 14 66x15 4/10 408*172 205 30%4 25#4 1443 12+2 5076 10951 0.6%0.3
Necrosis 11 5121 1/10 319+38 18+4 31%3 2743 14+3 11*3 2217 82t18 0.6%0.3
Pseudomononucleosis 4 23%7 1/3 307112 167 304 29+5 14%2 1142 60*16 96136 0.5%0.1
Viremia 4 67+13 3/1 351%22 1946 293 25%#3 154 1232 58%29 90£10 0.8%0.5
Intestinal obstruction 3 53%10 0/3 283%11 18+2 293 27+4 13:2 1324 38%10 115%30 1.5%0.8
Apparent false positives23 54#20 7/16 345+£118 20*4 31%3 2533 13+3 1113 57%47 10759 1.0%1.4
all categories 500 6121 195/305 399f253 20+S5 31%4 25%4 1443 11*3 61%57 148155 1.1%2.1
Normal ranget 112-200 6-27 21-41 22-37 7-23 2-16 7-40 30-100 0-1.0

*0f the 500 patients, 74 had diagnoses in two different major categories.

included in more than one of the categories.
¥Normal ranges for total LDH and its fractions are expressed as mean * 2 standard deviations.

Thus, a single patient may be
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oxygen therapy were also included when
available. It is customary in the present
author’s institution for LDH isoenzymes
to be performed on admission serum if
total LDH exceeds 275 U per liter and for
LAP (later changed to GGTP) to be tested
if admission Alk.P. is above the range of
normal.

Summary statistics were obtained for
each diagnostic category. Statistical pro-
cedures included Student’s t-test,
analysis of variance and chi-square test.
Most of these calculations were per-
formed using the Biomedical Computer
Programs of the University of California
(BMDP series, 1975).

Results

Patterns in which LDH; was less than
its lower lim:t of normal were seen in 102
persons. Such patients were older,—age
66 compared to age 60 for those with
LDH; within normal limits (p = 0.001).
The LDH; remained relatively constant,
and the differences were taken up in the
first four fractions. No significant differ-
ences in sex ratios, GOT, Alk.P. or biliru-
bin were detected.

The patients appeared to cluster into 15
categories (table I). There were 195 males
and305females. Themean age was61 with
range of 5 to 94 years. There were 11 pa-
tients aged 14 and under. Seventy-four of
146 patients withtwo diagnoses were clas-
sified in two entirely different categories.
The remainder had double diagnoses in
the same major category. Only four of the
500 individuals had two very strong dispa-
rate diagnostic explanations for the
isomorphic pattern.

No consistent significant sex differences
were observed in various diagnostic
categories, although the males as a group
did have higher total LDH, GGTP, GOT,
Alk.P. and total bilirubin than females.

Expression of results in absolute isoen-
zyme activity did not provide additional
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useful information with regard to the
isomorphic pattern.

CARDIORESPIRATORY DISEASE

One hundred ninety-four patients had
225 diagnoses pertinent to cardio-
respiratory diseases, the largest diagnostic
category. PaO, was measured in 55 pa-
tients. Their mean PaO, was 63 mm Hg.
Only one of the 25 patients not on oxygen
therapy when gases were drawn had PaO,
greater than 80, and the mean PaQ; of the
remaining 24 was 55 mm Hg.

The largest subgroup was heart disease:
132 patients had 160 cardiac diagnoses.
Congestive heart failure (CHF), the most
common diagnosis in this group, was seen
in 86 persons.

Sixteen patients in the study had acute
infarct of myocardium (MI). No isomor-
phic pattern was seen in the period from
48 to 72 hours following the onset of M1,
Duration of the infarct in 12 cases was 24
hours or less, in two cases less than 48
hours, and in two cases four to 15 days.
Four of the 16 cases had measured PaO.,.
Of these, only one was not on oxygen and
that patient’s PaO, was 55 mm Hg. Those
on oxygen had PaO, of 76, 82, and 94 mm
Hg. The mean GOT of the MI group was
95, compared to 47 U per liter for the re-
maining cardiac patients (p = 0.0004).

Other cardiac diagnoses included
arteriosclerotic heart disease, pulmonary
edema, arrhythmia, rheumatic heart dis-
ease, and one instance each of collagen
disease and of prosthetic valve malfunc- .
tion.

Twenty-five of the respiratory patients
had chronic obstructive pulmonary dis-
ease (COPD) without bronchitis. Seven
had bronchitis with and three without
COPD. There was one case of bronchial
tuberculosis and one necropsy-proven
instance of lipid pneumonia among the
31 pneumonias. Asthma, viral pneu-
monia, pulmonary embolism, atelectasis



ISOMORPHIC PATTERN OF ISOENZYMES OF SERUM LACTATE DEHYDROGENASE

and pneumothorax were seen in descend-
ing order of frequency. A number of the
cases had other disorders co-existing
such as sickle crisis, CHF, azotemia and
cerebrovascular accident.

Excluding patients who had both car-
diac and respiratory diagnoses, 105 car-
diac patients had a mean age of 73 years,
in contrast to 61 respiratory cases with a
mean age of 59 years (p < 0.0001). Mean
LDH was 325 in the cardiac group, 426 U
per liter in the respiratory patients (p =
0.0037).

POLYCYTHEMIA

All eight patients were placed within
the cardiorespiratory group. Two had
chronic lung disease, one had pneu-
monia, and three had heart disease, of
whom one also was classified as having
chronic lung disease. Two of the heart
disease patients were in congestive fail-
ure. One well-defined case of stress
polyeythemia had a seizure shortly be-
fore the isozyme sample was drawn. One
patient had strong evidence for
polycythemia vera, and another reason-
able evidence for that diagnosis. PaO,
was measured in two patients, neither of
whom had polycythemia vera and each of
whom was hypoxic.

CANCER

Almost all of the neoplastic diagnoses
had biopsy, bone marrow or necropsy evi-
dence. In order to avoid bias in the series,
very occasional cases were accepted into
the cancer group without tissue diagnosis,
if other evidence was reasonably strong,
e.g., clinical and X-ray findings of car-
cinoma of prostate with marked elevation
of acid and alkaline phosphatase. Al-
though patients with not more than mod-
erately strong clinical evidence for neop-
lasia were excluded, there were only two
such individuals.
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The 124 patients with cancer represent
the second largest group. The average age
was 65 years, with a range of six to 89
years. Their mean LDH of 554 U per liter
is the highest in the study. Although only
two of 376 noncancer patients had total
LDH higher than 1000 U per liter, 14 of
the 124 cancer patients had total LDH of
1000 U per liter or more. Of these, the
highest value found was in a six year old
child with neuroblastoma who had a total
LDH of 2400 U per liter. The highest
adult value was 2090 U per liter in a 64
year old female with papillary serous
cystadenocarcinoma of the ovary with
metastases. The cancer group included 95
instances of carcinoma among 100 solid
tumors. In descending order, primary
tumors were in lung, breast, large intes-
tine, prostate, gonads, stomach, endo-
metrium, pancreas, esophagus, cervix ut-
eri, larynx, kidney and urinary bladder.
The source of the primary tumor was un-
certain in seven patients, of whom four
had adenocarcinoma.

Among 27 hematologic malignant dis-
eases, there were 15 lymphoproliferative
disorders, including seven leukemic
cases, four solid lymphomas, one
myeloma and one case of Hodgkin’s dis-
ease. There were 12 myeloproliferative
diseases, including five instances of
chronic granulocytic leukemia, two of
acute myelogenous leukemia and two in-
stances of myelofibrosis. Cases of
polycythemia were categorized else-
where.

Total bilirubin and Alk.P. were
evaluated in 26 (21 percent) and 81 (65
percent), respectively, of the 124 cancer
patients. Nineteen of 21 patients in whom
GGTP was measured had elevated values
(90 percent), while only 14 of 34 individu-
als with LAP determinations had in-
creases (41 percent). Alpha, globulin was
high in 14 of 41 patients (34 percent).

Significant differences were found be-
tween the cancer and noncancer patients.
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Age, total LDH, LDH,;, LDH, and Alk.P.
were higher in the cancer group, while
LDH, and LDH; were lower (table II).
Noncancer cases included 22 instances of
infectious mononucleosis (IM) which,
with the exception of patient age, are very
similar to the cancer cases in regard to
those variables tabulated. The ratio
LDH,.,/LDH; was significantly different
between cancer and all noncancer pa-
tients, but it was not different between
cancer and IM. Other comparisons be-
tween cancer and IM parameters include
the following: LDH,; is higher in the
cancer group (p = 0.05)and LDH; is lower
(p = 0.01). Mean GOT was 64 in the
cancer group, 119 U per liter in the IM
group (p = 0.0005). There were no sig-
nificant differences in Alk.P., bilirubin or
alpha, globulin. Mean Alk.P. of 228 in the
cancer patients, varying from 25 to 2120 U
per liter, was exceeded by only one other
group, IM. Although five of the 22 IM
patients were 14 years or younger, only
one of the cancer patients was pediatric.

INFECTIOUS MONONUCLEOSIS AND
PSEUDOMONONUCLEOSIS

Positive mononucleosis serology with
clinical and hematologic evidence was
required for the diagnosis of IM. There
were 22 such patients. Four cases with

clinical and peripheral blood smear find-
ings suggestive of IM, but with negative
serology, were classified as pseudomono-
nucleosis (PMN). Mean age of these
groups was 17 and 23 years, respectively,
in strong contrast to all other diagnostic
categories. Age ranges were 5 to 23 and 15
to 31 years for IM and PMN, respectively.
P values for the mean age of the IM group
were less than 0.0001 compared to all
groups, save PMN, in which p = 0.025.
The only group characterized by mean
higher total LDH was the malignant dis-
ease category (p = 0.0053). Mean Alk.P.
for IM was 241 (range 75 to 575) and mean
Alk.P. for PMN was 96 (range 45 to 130) U
per liter. LAP was measured in nine IM
patients and was elevated in all. GGTP
was measured in one IM patient (96 U per
liter) and in one PMN patient (26 U per
liter, high). Mean bilirubin was 1.6 mg per
dl with range 0.2 to 11.1 mg per dl for IM
patients. Mean bilirubin was 0.5 mg perdl
with range 0.3 to 0.5 mg per dl for PMN
patients.

FRACTURE, TRAUMA AND SHOCK

The age range for the 40 fracture pa-
tients was 14 to 92 years. Age range of the
24 trauma without fracture cases was 13 to
94 years. Of the cumulative patient charts
examined for evidence of shock, such evi-

TABLE II

Variables Between 124 Cancer and 376 Non-cancer Patients

Cancer Non-cancer p~value*
Age 65 (6 - 89)t 59 (5 - 94)t 0.001
Total LDH 554 U/1 (275 ~ 2400) 347 U/1 (275 - 2160) 0.001
LDHy 17.4% (7.5 - 26.8) 20.3% (10,1 ~ 27.0) 0.001
LDHy 31.2% (23.6 - 40.7) 30.5% (20.2 ~ 40.8) 0.074
LDHjy 26.5% (15.6 — 36.8) 24.7% (14.8 - 36.8) 0.001
LDHy 14.7% (6.5 - 22.5) 13.4% (6.5 - 21.8) 0.001
LDHg 10.2% (2.4 - 15.9) 11.2% (2.0 - 15.9) 0.005
LDH344/LDHy 2,7 (1.0 - 7.3) 2.0 (0.8 ~ 5.0) 0.001
Alkaline phosphatase 228 U/1 (25 - 2120) 122 U/1 (36 - 670) 0.001

*p-values refer to Student's t~test.

tRanges for each variable are shown in parentheses.
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dence was found in only two instances.
Eight of the nine fracture patients in
whom PaO, was measured were hypoxic.
PaQ; in the five patients on oxygenranged
from 39 to 77 mm Hg; in the three who
were not, PaO, was 35, 42 and 77 mm Hg.
Both patients who suffered shock were
hypoxic, with PaO, of 49 and 67 mm Hg,
respectively. Only one trauma patient
without fracture had blood gases mea-
sured.

CENTRAL NERVOUS SYSTEM DISORDER

Age range of 33 patients was 18 to 88
years. Seizures occurred in six. Twenty-
one had intracranial hemorrhages and/or
infarcts. Seven others had diagnoses in-
cluding cerebrovascular insufficiency and
chronic brain damage secondary to al-
coholism. All five patients whose blood
gases were measured were on oxygen
therapy. PaO, was 64, 64, 69, 78 and 94
mm Hg.

INFECTION/INFLAMMATION

This diverse group included 33 pa-
tients. There were two instances of
polymyositis, three of phlebitis, two of
pancreatitis, four of pharyngitis and three
of cholecystitis. One case each of ureteral
empyema, leg ulcer, pyoderma gan-
grenosa, endometritis, sarcoidosis,
Shigellosis, septicemia and urinary tract
infection was found.

HerPATIC CIRRHOSIS AND ALCOHOLISM

Two patients with these diagnoses also
had congestive heart failure and were
classified in the latter group, leaving 26
patients. Biopsy proof was available in
four. The clinical charts did not offer al-
ternate diagnoses which could have better
explained the isomorphic pattern. Age
range was 40 to 83 years. Mean Alk.P. was
176 with range of 66 to 420 U per liter.
LAP was done in 12 patients; six were
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high. GGTP was performed in only two
patients, both abnormal (82 and 409 U per
liter, respectively). Mean value of GOT
was 92 with range 30 to 297 U per liter.
Mean total bilirubin was 2.7 mg per dl
with range of 0.5 to 23.1 mg per dl. Only
one patient had blood gases measured;
PaO, was 539 mm Hg without oxygen
therapy.

HYPOTHYROIDISM

All but one of the 19 hypothyroid pa-
tients had low T3 (resin)/T4 values re-
corded, with low adjusted free thyroxine
index. The one patient whose T3/T4 was
normal was on levothyroxine; the isomor-
phic LDH pattern was recorded 16 days
subsequentto discontinuation of the drug.
The age range was 20 to 85 years, mean
LDH 347, range 280 to 500 U per liter.
Mean LDH; of 23.5 percent was lowest of
any diagnostic category, but with no statis-
tical significance. PaQ, was measured in
only one individual and was 78 mm Hg.

UREMIA

The age range of 14 patients in this
group was 33 to 89 years. Uremia was a
secondary diagnosis in nine patients; six
of these had a primary cardiorespiratory
diagnosis and three had cancer. Ofthe five
patients with no explanation for LDH ele-
vation save uremia, creatinine ranged
from 4.0 to 21.5 mg per dl, and serum urea
nitrogen from 39 to 190 mg per dL

NECROSIS

The age range of 11 patients in this
group was 18 to 82 years. Areas of necrosis
were present in each of five benign
tumors found. Two apparently benign
tumors had a possible metastatic poten-
tial: an adrenal cortical adenoma in a 39
year old woman, and a cellular and atypi-
cal uterine leiomyoma in a 50 year old
female. There were three other cases of
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necrotic uterine leiomyomas, two in-
stances of necrosis in lower extremities
and a third with fracture and gangrene.
There was one instance each of macerated
stillbirth, infarct of prostate documented
by needle biopsy and fat necrosis of body
wall.

VIREMIA

Since infectious mononucleosis, pseu-
domononucleosis and viral pneumonia
were classified elsewhere, only four pa-
tients comprise this group. No blood gases
were obtained.

INTESTINAL OBSTRUCTION

All of the three cases were primary
diagnoses, and all were females. Ages
were 41,57 and 60. None had blood gases.

APPARENT FALSE POSITIVES

Twenty-three of the 500 patients orig-
inally did not seem to have a clinical
explanation for an isomorphic pattern.
The mean age of these patients was 54
years with a range of 15 to 79 years. Upon
reexamination, one 43 year old male had
hypertension treated with methyldopa,
his urine was loaded with red cells and he
may well have had hypertensive heart
disease. A 26 year old male with a hemo-
globinopathy (sickle ceil disease with
high HbF) and a white blood count (WBC)
0f 23,900 probably had an infection. A 15
year old male had a WBC of 4100 with 62
percent lymphs, occasional virocytes but
negative mononucleosis serology. His
case could well be classified as pseudo-
mononucleosis. A 79 year old female had
GOT of 105 U per liter. She was on a
diuretic and digitalis and was probably
correctly diagnosed as having arterio-
sclerotic heart disease. Of the remaining
19 patients, one was on levodopa, two on
aspirin and one on aspirin and sodium
warfarin.
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Discussion

Emergence of cardiorespiratory pa-
tients as the largest group generating the
isomorphic pattern would appear to be a
new finding. Acute MI of 48 hours dura-
tion, and usually for a number of days
thereafter, is accompanied by elevated
LDH, flipped LDH,, ratio and elevation
of LDH,. The proportionally tiny fraction
of MI patients with isomorphic patterns
would not have come as a surprise to those
who have advocated serial enzyme de-
terminations in workup for infarct
myocardium.3!

Our experience with over 3,000 LDH
separations has confirmed prior observa-
tions that not all patients with diffuse
neoplastic disease have an increase of
total LDH % or that those with an elevated
LDH necessarily have an isomorphic
LDH abnormality.®38% In our review of
cases, normal LDH levels with known
primary and/or metastatic disease were
not infrequently seen, and there was some
shifting of isoenzyme patterns, not un-
commonly from or to an LDH; elevation.
Elevations of LDH; ,and/or s are reported
in cancer patients.?#3%3%40 and the three
cathodal fractions have been reported to
diminish in children with malignant dis-
eases treated with prednisone3?

LDH is operative in glycolysis, which is
accelerated in tumor cells. Blood flow
through tumors has been reported to
range from 1 to 15 percent that of the ad-
jacent tissue2® A 3 percent oxygen en-
vironment induced significant increases
of LDH, and LDH; and decreases in
LDH, and LDH; in incubated fibroblast
and epithelial cell lines.?8 Cathodal shift
would expedite reduction of pyruvate to
lactate in the presence of high pyruvate
concentration, sustaining glycolytic activ-
ity by replenishing NAD . Increased total
LDH with cathodal shift has been de-
scribed in malignant tumor tissue in a va-
riety of organs.!>-22:30



ISOMORPHIC PATTERN OF ISOENZYMES OF SERUM LACTATE DEHYDROGENASE

Although cancer patients with LDH;
over its limit of normal were not in-
frequently seen, LDH; elevation is not
apparent in cancer patients in the frame-
work of this study. Mean LDHj is, in fact,
lower in cancer patients than in noncancer
patients with isomorphic patterns (table
I1). Validity of comparison of tissue and
serum isoenzyme concentration may be
diminished by a number of factors. They
include variation of rates of liberation of
isoenzymes into the circulation from
damaged cells, cell permeability, isoen-
zyme stability under a variety of
physiologic conditions and relative rates
of metabolism, inactivation and excre-
tion.54:4 When isoenzymes are expres-
sed as percentages, diminution of LDH,
bears an arithmetic inverse relationship to
midzone and/or cathodal dominance, a
phenomenon previously reported.?

In the present study, a midzone pattern
of dominance of LDH; and LDH, is seen
in the cancer patients with decreased
LDH, and may be expressed LDH,,,/
LDH, (table II). Although Zondag and
Klein reported an incidence of midzone
elevations with or without LDH; eleva-
tions 4.75 times higher than their inci-
dence of elevation in all five fractions in
instances of malignancy,* the present au-
thors have found fewer than a dozen such
cases. The upper limits of normal for our
methods are higher for fractions LDH,
and LDH, than are the upper limits for
those fractions published by some
others.839:40:4¢ By virtue of our limits of
normal, it would be difficult for fractions 2
and 3 or 3 and 4 to exceed simultaneously
their upper limits when expressed as per-
centages, and they have never done so in
this laboratory.

Emergence of the cirrhosis/alcoholism
group, although a new finding, should
have been anticipated by virtue of pres-
ently established knowledge of frequency
of arterial oxygen unsaturation and vascu-
lar shunting in hepatic cirrhosis.*?
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It comes as a surprise to these inves-
tigators that substantial numbers of indi-
viduals with trauma, with and without
fractures, appeared in the study groups.
Although shock has been previously pro-
ven to cause the isomorphic pattern in
dogs?* it was not a major factor in the
present study, probably by virtue of the
time of sampling of most of our patients on
admission. The authors suspected but
have not proven instances of fat embolism
in at least some of the fracture cases. Cor-
relation exists between hypoxia and fat
embolism in fracture patients.?® Fractures
were found in many bones throughout the
body, with no special predilection for the
thorax, and occurred in a wide age span.
The authors feel that additional studies
are needed to establish relationships, if
any, between fracture and other trauma,
the isomorphic pattern and fat embolism.

Results of a number of prior studies
have been confirmed by our observations.
Elevation of LDH with IM is well estab-
lished, and isoenzyme patterns of the type
presently described have been previously
recorded in cases of IM.2#4 Some but not
all patients with hypothyroidism have
elevations of serum LDH activity.!2 Cor-
relation of hypothyroidism with the iso-
morphic pattern has been reported.? Ne-
crosis as a cause of the isomorphic pattern
has been previously documented.** Ne-
crosis in benign tumors, as occurred in
five of our cases, including four uterine
leiomyomas, has not to the best of our
knowledge been previously reported.

Four patients among the apparent false
positives were known to have been on
drug therapy, including levodopa,
sodium warfarin and aspirin. These
agents might cause elevation of
LDH -2.1%25.26,:27.92 Thys, 15 patients re-
maining in this group may be con-
sidered false positives, an incidence of
3 percent.

Although clinical error exists in the
diagnosis of cancer? none of the apparent
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false positive cases in this study has so far
emerged with a cancer diagnosis. Since
development of the isomorphic pattern is
usually not an early finding in neoplasia,
evolution of subsequent cancer is not an-
ticipated in these individuals.

Because pulmonary embolism may be
missed as a clinical diagnosis, the infre-
quency of clinical diagnosis of pulmonary
embolism in the present study may repre-
sent misleading information. All patients
with pulmonary embolism, however, do
not have elevation of LDH ? 32

Conclusions

A large group of patients in a com-
munity hospital setting was surveyed to
learn the types of disease givingrise to the
isomorphic pattern of LDH. Widely di-
vergent groups of clinical diagnoses
emerged, segregated by several chemical
variables. Cardiorespiratory and malig-
nant disease accounted for over half of all
patients. Very high total LDH (over 1000
U per liter) was seen in 14 of 124 cancer
patients and in only two of 376 noncancer
cases with the isomorphic pattern. Ne-
crosis was present in each of five benign
tumors found. Fifty-nine of 67 patients in
whom PaO, was measured were hypoxic.
Most had cardiorespiratory or central
nervous system disease or fracture.

A need exists for accumulation of addi-
tional data with appropriate control
groups to ascertain the association of vari-
ables, particularly the relationships be-
tween varying serum LDH levels and
PaQ,. Patients with similar diseases and
normal total LDH must be compared, but
quantitation of the severity of such disor-
ders as congestive heart failure can best
be accomplished within studies of nar-
rowly defined patient groups. A role for
the LDH isoenzymes, among other labo-
ratory and clinical parameters, would ap-
pear to exist in future prospective studies
of particular disease entities.

JACOBS, ROBINSON, CLARK AND TUCKER
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