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expe, explo=Exponential value to base "e" or base "10" (=anti-
logarithm).

Dose= Calculated requirement of acid or base in mmol.
Required ventilation = Ventilation calculated to correct Pco2.
DpH=Difference between 7-4 and ApH.
f=Frequency.

Addendum

This program has recently been adapted for use with an Oli-
vetti Programma 602. Copies of the program are available from
the author.
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Specificity of Serum Creatine Kinase Isoenzymes in
Diagnosis of Acute Myocardial Infarction
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Summary

A study of the diagnostic value of serum creatine kinase
(CK) isoenzymes showed that MB isoenzyme, which
characterizes heart tissue, was a specific and sensitive
indicator of acute myocardial infarction. In cases where
the clinical picture was complicated by ventricular
tachycardia, severe congestive failure, shock, or resusci-
tation procedures heart, liver, and muscle enzymes were
increased. There was also an increase in lactate dehydro-
genase isoenzyme values in these cases; indeed, the only
enzyme test that correlated well with electrocardio-
graphic and necropsy findings was the MB isoenzyme.

Introduction

Serum creatine kinase (CK) measurement is established as a
sensitive indicator of acute myocardial infarction. Serum CK
activity is raised, however, in muslce diseases (Pearce et al., 1964),
brain damage (Dubo et al., 1967), alcoholism (Konttinen et al.,
1970), and sometimes in pulmonary embolism (Perkoff, 1968) or
after electroconversion of heart rhythm (Konttinen et al., 1969).
The specificitymaybe expectedto be improved by serum CK iso-
enzyme determinations, since the MB isoenzyme ofCK is found
almost exclusively in the myocardium (Van der Veen and Wile-
brands, 1966).
The first approach to evaluate the contribution of the myo-

cardium to the serum CK isoenzymes was made recently in
selected patients with proved uncomplicated transmural in-
farctions (Konttinen, and Somer 1972). The patients were
selected in order to avoid the possible extracardiac release of CK
isoenzymes into the serum. The present study was undertaken
to evaluate the specificity and sensitivity of serum CK iso-
enzymes, determined with our improved method (Somer and
Konttinen, 1972b), in comparison with other enzyme tests on 61
unselected patients admitted to hospital for substernal pain sug-
gestive of myocardial infarction.
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Patients and Methods

The 61 patients were admitted to hospital within 48 hours after
an attack suggestive of coronary disease. Bedside examinations
were made during the first two hospital days, with special at-
tention to the appearance of atrial and ventricular gallops, para-
doxical pulse, and mitral insufficiency, all of which are observ-
able in most cases of acute myocardial infarction (Heikkili
et al., 1971). Besides the conventional 12-lead E.C.G., body
temperature, leukocyte count, and sedimentation rate were
measured.

Myocardial infarction was regarded as proved by the ap-
pearance ofQRS complexes or a Q wave exceeding 004 sec, and
having a depth of at least one-fourth of the corresponding R
wave and, in patients with mainly posterior infarcts according to
Perloff (1964), where subendocardial extension reached the
inferoapical region (leads III and aVF or V5 and V6). At
necropsy in one of these patients an acute infarct was found.
Because some uncertainty always exists in cases of subendo-
cardial infarction, indicated by coronary-type S-T and/or T
changes, this group was considered separately. The total series
was divided into four groups.

Eighteen patients had an acute coronary attack with no evid-
ence of myocardial infarction on the above-mentioned criteria.
Twenty-seven patients had acute proved myocardial infarction

with no complications. Some, however, had slight left heart
failure, as evidenced by rales in the lungs, but no pulmonary
oedema. The infarcts were anteroseptal in 17 cases, inferior
and/or inferoapical in 7, and mainly posterior and extending
into the inferoapical region in 3.

Seven patients had acute subendocardial infarction, six anterior
and one inferior.
Nine patients had suspected acute myocardial infarction with

complications of an emergency character (see table II). Of these,
six patients were in shock on admission for ventricular tachy-
cardia or fibrillation, and in three the chest pain was accom-
panied by severe congestive heart failure. Five patients had
E.C.G. evidence of an acute myocardial infarct, which wa's
verified in one at necrosy. Despite the clinical picture four
patients did not have E.C.G. evidence of acute infarction, and
in one it was excluded at necropsy.

Analyses were made of the following enzymes from unhae-
molysed sera taken during the first two hospital days, as reported
earlier (Elliot and Wilkinson, 1961; Konttinen et al., 1969):
lactate dehydrogenase (LD) and its isoenzymes, a-hydroxy-
butyrate dehydrogenase (HBD), aspartate aminotransferase
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TABLE I-Mean (S.E.) Serum CK and LD Isoenzyme Values in Patients with Myocardial Infarction compared with Other Serum Enzyme Activities.
Numbers in Parentheses indicate Upper Limits of Normal (P < 0-01)

CK MB MB MM RB LD LD, LD, LD, LD, LD, HBD SGOT SGPT OCT
Hospital Day lU/i. lU/i. 00 /0 % lUll. lU/i. LU/i. lU/1. lU/1. lU/l. lUll. lU/1. lU/1. lUll.

(35) (0) (0) (100) 1(0) (204) (101) (89) (38) (5) (7) (132 (18) (16) (0-40)
Patients with Acute Proved Myocardial Infarcti'on (n = 27)

f Mean 403-7 113-3 20-8 79-2 0 503-3 256-4 180-6 76-4 3-4 3-8 418'7 87-5 22-0 0-531S.E. 88-7 30-5 2-6 2-6 0 78-0 42.1 29-2 9.9 1.0 1-0 66'7 18-5 3-2 0.10
fMean 302-8 65-4 17-8 82-2 0 721-7 363-3 268-4 80-2 3-5 5.5 573.7 101-7 27-2 0-36

2 S.E. 54-6 19-5 2-1 2-1 0 83-8 46-8 34-6 9-3 1-2 1-6 68-9 15-5 3-1 0-06
Patients with Acute Subendocardial Infarction (n = 7)

1 Mean 134-7 23-9 14-3 85-7 0 292-9 156-7 83-0 36-7 5-0 8-4 212-1 44-0 17-3 0-481VS.E. 28-3 7-8 4.0 4-0 0 50-5 38-6 9-2 4-2 1.9 2-5 43-1 13-0 1-4 0.09
2 Mean 99.0 9.7 7-3 92-7 0 315-8 153-5 106-2 44-2 5-8 16-2 231-2 32-7 18-7 0-80

S.E. 14-5 4-7 3-1 3-1 0 67-0 35-6 24-3 11-1 2-8 5-0 58-2 5-3 4-0 0-20

(SGOT), alanine aminotransferase (SGPT), and ornithine

carbamoyltransferase (OCT). CK was determined with the

activated ultraviolet-test sets of Boehringer (Man.nheim) and

GK isoenzymes were determined fluorometrically (Somer and

Konttinen, 1972b).*

The upper normal limits of the enzymes, shown in table I,

were calculated from the serum samples of 30 healthy subjects

with a confidence limit of 1%0 (P < 001). The upper normal

limit of MB isoenzyme was estimated to be 5 IU/l. This iso-

enzyme was not found in normal sera. On inspection under

ultraviolet light the activity of 5 IU/I. is clearly visible (fig. 1),

but scanning is not accurate below 3-5 IUll.

MB

mm

FIG. I-CK isoenzyme electrophoreses photographed under ultraviolet light.
A Patient with transmural myocardial infarction, total CK activity 330

IU/1. and MB isoenzyme 112 IU/l. B Subendocardial infarction, total

CK 90 IUll, and MB 15 IU/l. C Normal serum with total CK activit

5 IU/l., having no MB isoenzyme. Upper normal limit ot tota CK 35 IU/l.

Results

The mean enzyme activities and their standard errors are given
in table I for patients with uncomplicated infarction. Serum

MB isoenzyme, together with the total GK activity, reached a

peak value on the first hospital day. The highest MB activity
recorded was 545 IU/1. and the highest proportion of MB 40%.

BB isoenzyme, which characterizes lung and brain tissues, was

not present in any of the sera. Patients with angina pectoris
had only muscle-type CK isoenzyme (MM) in their sera.,

which accords with findings in healthy persons.

For comparison of the sensitivity of the "heart" enzymes the

individual peak values in patients with uncomplicated infarction

are presented in relative values in fig. 2. Serum MB isoenzyme
was observed to be the most sensitive indicator. One patient with

proved infarct, however, did not have MB-isoenzyme in the

serum on either test day, although the total GK activity was

* In the paper by Somer and Konttinen (1972b) an omission was made

in the incubation mixture given in the method. In addition to the other

chemicals dissolved in the 5 ml of glycylglycine buffer, dissolve 40 mg

glucose.
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FIG. 2-Peak values of serum "heart enzymes" during first two hospital days.
Activities are presented in relative values where the number 1 signifies the

upper normal limit (P < 0-01) and the other numbers signify how many

times this is exceeded. 0 = Patients with proved myocardial infarction.

0 = Patients with acute subendocardial infarction.

modestly raised (99 and 49 lU/l.). In this patient the LD1,

total LD, and HBD values were normal on the first day but

slightly raised on the second (119,235, and 225 IU/l. respectively,
and the appearance of a Q wave in leads VI and V2 with negative
T-wave changes in leads Vl to V6 indicated septal infarction

with anterior subendocardial extension.

Of the patients with subendocardial infarction (fig. 2) one

did not have MB isoenzyme in the serum and the LD,, HBD,

and total LD did not deviate from normal on either day. The

slight increases in SGOT (21 and 25 lU/i.) may have been

derived from the liver, as judged by the more pronounced ab-

normnalities in OCT, LD,, and SGPT on both days. Total CK

was slightly raised on the second day (33 and 49 IU/1.). In the

E.C.G. coronary-type negative T waves appeared in leads V2

to V6 on the first hospital day. In a further patient, on the other

hand, the total GK was 132 and 148 IU/1. and the MB isoenzyme
level 25 and 31 IU/1. However, LD1, total LD, and SGOT ac-

tivities remained normal on both days, and H{BD was found

to be only minimal abnormal (135 lU/l.). In the E.C.G.

coronary-type S-T changes with negative T waves in leads V2

to V6 appeared on the first day.
The "heart and liver" enzyme activities in the sera of the nine

patients with complications are shown in table IL. In cases 1 to 4,

where infarct could not be confirmed, the enzyme activities

were greatly above normal with the exception of LD,, which

although raised in all four cases was only slightly above normal

in two. isoenzyme was absent from the sera of all of these

four patients. In the remaining five patients in whom infarction

was proved MB isoenzyme was found in the sera, and the levels
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TABLE xI-Serwn "Heart and Liver" Enzyme Activities (in IU/I.) in Nine Patients with Complications. In the First Four Myocardial Infarction Could
Not be Verified, while in the Last Five the Infarction was Confirmed. Upper Normal Limits as in Table I.

Case Age Diagnosis Clinical Condition Hosp. CK MB LD LD, LD, HBD SGOT SGPT OCT
No. and Sex Day

1 56 M. E.C.G.: no infarc- Ventricular fibrillation, shock, f 1 198 0 565 103 205 310 210 200 5 40
tion, old R.B.B.B. unconscious 4 hours, cardiac \2 297 0 390 126 42 260 56 98 0 97

massage, defibrillated
2 62 F. E.C.G.: no infarction Severe congestive heart failure, 11 11 0 870 207 311 430 1,210 1,070 7-10

liver 5 cm belowcostal \2 63 0 360 92 75 215 360 170 3-44
margin, pulm. oedema,
oedema in legs

3 58 M. E.C.G.: old infarct+ Supraventricular tachycardia, I1 11 0 350 81 105 255 240 260 4-57
R.B.B.B., no shoec, defibrillated \2 25 0 460 108 164 162 200 133 3-30
acute infarction

4 68 M. Necropsy, E.C.G.: Ventricular tachycardia, cardiac fl 151 0 800 348 120 505 165 99 0-78
no infarction massage, defibrillated, aortic \2 630 0 720 315 95 425 52 55 0-70

prosthesis 3 years, alcoholism
5 68 M. Acute infarct, QS in Ventricular fibrillation, shock, 11 132 36 435 134 30 295 13 19 0-53

III +aVF, old Q in pulm., oedema, cardiac \2 181 22 455 148 53 280 70 18 1-03
V,-,+R.B.B.B. massage, defibrillated

6 64 M. Acute infarct, Q in Ventricular tachycardia, shock, f1 8 0 230 77 50 150 64 54 1-39
aVF +111, negat. defibrillated V2 580 157 800 370 20 537 57 75 0-72
T in V,.,

7 54 M. Acute infarct, (ZS in Severe congestive heart failure, f 1 1,270 76 2,000 735 176 820 280 54 0-52
V,.5 pulm. oedema 2 490 49 1,900 640 256 450 128 133 1-46

8 69 M. Acute infarct, QS in Shock, septicaemia, phlegmon in 1 231 21 4,400 900 1,920 1,850 380 1,960 9-55
VI-,, infarct at forehead. Necropsy: acute 2 490 44 4,350 1,130 1,610 2,000 3,140 740 9-30
necropsy anterior infarct +purulent

peritonitis
9 50 F. Acute infarct, QS in Ventricular fibrillation, shock, fI - Hemolytic sample

V,, + old defibrillated \2 480 91 1,800 707 43 1,650 580 52 0-16
R.B.B.B.

R.B.B.B. = Right bundle-branch block.

of all the other enzymes were so high that extracardiac release
was clear.

After MB isoenzyme serum LD1 gave the nearest correct
information in these nine patients. Although it indicated myo-
cardial infarction in the four patients in whom it could not be
confirmed, the levels were only slightly above normal in two
cases. We calculated LD1 activity in terms of IU/1. because by so
doing an infarct is more accurately revealed (Auvinen, 1972).
This was also found in the present series, where the proportion
of LD1 failed to show infarction in any of the five patients in
whom it was confirmed, because the massive increases of the
other LD isoenzymes depressed the proportionate share of LD1
to a subnormal level despite the huge increases expressed in
IU/1.

Discussion

The total serum CK test has been advocated as an indicator of
myocardial infarction (Smith, 1967), principally because this
enzyme is lacking in the liver and erythrocytes (Colombo et al.,
1962), both of them common sources of error in infarct diag-
nosis by means of serum enzyme tests. However, serum total
CK activity also increases in some other diseases (Pearce et al.,
1964; Dubo et al., 1967; Perkoff, 1968; Konttinen et al., 1969)
The MB isoenzyme of CK appears to constitute a quite specific
indicator of heart damage, since it has been found outside the
myocardium in skeletal muscle only with very slight activity
(Somer and Konttinen, 1972a; Takahashi et al., 1972). Other
organs that have high CK activities are the brain, though this
contains BB isoenzyme, and skeletal muscles, which have MM
isoenzyme. Lung tissue has only low CK activity, consisting of
BB isoenzyme (Van der Veen and Willebrands, 1966; Perkoff,
1968).
The LD1 isoenzyme, so far considered to be the most specific

infarct detector (Auvinen, 1972), occurs outside the myocardium
in high activities in erythrocytes and kidney and in moderate
activities in most organs (Wr6blewski and Gregory, 1961). Thus
the organ distribution of the MB isoenzyme exceeds remarkably
in myocardial specificity all the known enzymes and isoenzymes.
The present results are the first to confirm the specificity of

the MB isoenzyme. This is best evaluated in patients with com-
plications (table II). Serum MB isoenzyme was the only one to
show correctly the underlying heart disease when E.C.G. and
necropsy were considered to indicate or exclude an infarct.

All of nine patients with complications had such high levels

of serum enzymes that extracardiac release was obvious from
the liver, as judged from the massive increases of the liver-
specific enzyme OCT (Reichard, 1960), but the high levels of
MM isoenzyme alone in three patients point to skeletal muscle
as a contributing organ. Serum LD5, SGOT, and SGPT may
be derived either from the liver or from skeletal muscle or from
both.
The interpretation of serum CK isoenzyme analyses can be

done either by visual inspection of the bands under an ultra-
violet lamp or by fluorometric quantitation. Because we were
unable to find MB isoenzyme in sera from healthy subjects or
from patients with angina pectoris this method seems to offer a
"plus or minus" test for the detection of myocardial damage.
When used as a plus or minus test the scanning of the electro-
phoretic plates is not necessary, although this was done in the
present study.
Although skeletal muscles contain only small amounts of

MB isoenzyme it might be thought that muscular diseases
would cause its leakage into the serum. Our experience is so far
limited to some few cases in which we have not found MB in the
serum. Electroconversion of heart rhythm has been observed
to produce abnormal readings in serum total CK activity, pre-
sumably from skeletal muscles (Konttinen et al., 1969). Among
40 patients electroconversion caused a rise of serum CK activity
in 15; this was wholly of muscle-type isoenzyme (MM). Sim-
ilarly, out of 16 patients with acute pulmonary embolism five
had somewhat raised serum total CK activity, and it consisted
of muscle-type isoenzyme.

Besides myocardial infarction the only disease so far found to
be associated with MB isoenzyme in the serum is muscular
dystrophy of Duchenne (15 cases analysed). This rare hereditary
disease is known Eo convert aJso serum LD isoenzyme from mus-
cle type into heart type (Wieme and Herpol, 1962). This disease,
however, rarely comes into consideration in differential diag-
nosis from myocardial infarct, since it usually leads to death in
childhood.

This work was aided by the grants from the Sigrid Jusdlius
Foundation, Finnish Heart Association, Finnish Medical Council,
and the Paulo Foundation. Requests for reprints should be
addressed to Dr. A. Konttinen.
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Primary Acquired Sideroblastic Anaemia:
Response to Treatment with Pyridoxal-5-Phosphate
D. Y. MASON, PAULINE M. EMERSON
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Summary

A 72-year-old woman with primary sideroblastic
anaemia showed no response to treatment with pyri-
doxine. When she was given pyridoxal-5-phosphate
there was a prompt reticulocyte response and sustained
symptomatic improvement with satisfactory control of
the anaemia.

Introduction

Primary acquired sideroblastic anaemia is a well-defined form
of anaemia characterized by a heavy perinuclear infiltrate of
iron-containing granules in the developing marrow normoblasts.
These "ring" sideroblasts are thought to represent an un-
identified defect in haem synthesis (Bessis and Jensen, 1965;
Bousser et al., 1967), which for some reason usually manifests
itself only in the later decades of life (Macgibbon and Mollin,
1965). In contrast to the secondary type of sideroblastic anaemia
no associated diseases or drug ingestion can be identified.

Pyridoxine is a necessary coenzyme for haem synthesis
(Kikuchi et al., 1958; Levere and Granick, 1965), and the
possibility that a defect in its metabolism is responsible for
sideroblastic erythropoiesis finds support in the appearance of
atypical sideroblasts in pyridoxine-deficient animals (Harriss
et al., 1965) and in patients receiving pyridoxine antagonists
such as cycloserine or isoniazid (Verwilghen et al., 1965).
Furthermore, treatment with oral pyridoxine may lead to
haematological improvement in cases of sideroblastic anaemia.
However, response to pyridoxine is almost always suboptimal
and occurs in only 40-50% of patients (Macgibbon and Molin,
1965). In addition very large doses of the drug, often 100 times
the normal nutritional requirement, may be necessary.

For these reasons it has been suggested that a block in the
conversion of pyridoxine to its main active form, pyridoxal-
5-phosphate, is the underlying cause of sideroblastic anaemia
(Hines and Grasso, 1970). This conversion, which can occur
within the red cell (Anderson et al., 1971), has been shown to
be defective both in alcohol-induced and primary sideroblastic
anaemia (Hines and Cowan, 1970; Hines and Love, 1969).

Department of Haematology, Radcliffe Infirmary, Oxford
D. Y. MASON, B.M., B.CH., Lecturer in Haematology
PAULINE M. EMERSON, M.D., M.R.C.PATH., Consultant Haematologist

A direct corollary of this hypothesis is that pyridoxal-
5-phosphate should prove therapeutically much more effective
than pyridoxine in sideroblastic anaemia. The present report
is of a case of primary acquired sideroblastic anaemia which was
unresponsive to prolonged treatment with pyridoxine but which
responded dramatically to pyridoxal-5-phosphate.

Clinical History
The patient was admitted to the Radcliffe Infirmary in July 1968,
aged 72, with a nine-month history of dyspnoea, ankle oedema, and
lassitude. Apart from rheumatic fever as a child she had enjoyed good
health, having been a regular blood donor until 1960. On emition
she was pale and in congestive cardiac failure with evidence of mitral
and aortic valve incompetence. The haemoglobin was 4-8 g/100 ml
and the peripheral blood film showed a double population of hypo-
chromic and notnochronic erythrocytes, together with numerous
poikilocytes and occasional nucleated red cells. Bone marrow
aspiration showed erythroid hyperplasia with a disproportionate
increase in early red cell precursors. Most of the later forms were
shown to be ring sideroblasts on Perl's staining. These cells were
negative on P.A.S. staining and marrow chromosome preparations
were normal.

Results of biochemical tests were normal except for a serum
bilirubin of 1F0 mg/100 ml and a plasma lactic dehydrogenase of 300
mU/ml. The plasma iron was 150 tg/100 ml, with a saturation of48%.
Ferrokinetic studies with 59Fe showed an increased plasma clearance
(ti 12 min.) and a reduced red cell utilization (22% on day 14).
Careful investigation failed to produce evidence of any other disease.

After transfusion and conventional therapy for congestive failure
treatment was started with oral folate (5 mg three times a day) to
which was later added pyridoxine (100 mg twice daily) and ascorbic
acid (200 mg twice daily). Each drug was given continuously for
several months without any evidence of haematological response
(see chart). Further transfusions were given in September and Decem-
ber 1968 but by February 1969 the haemoglobin had fallen to 7*0
g/100 ml. At this stage, because of a transient reticulocytosis which had
been noted during her first admission following a tryptophan loading
test (see chart), she began taking oral tryptophan at an initial dose of
2 g daily, later increased to 4 g daily, in addition to the other haema-
tinics. Although this new treatment appeared to cause a reticulocytosis
and an increase in haemoglobin, the improvement was transient. She
developed diarrhoea, and in May, after a total consumption of 280 g
of tryptophan, all treatment for anaemia was stopped.

After a further transfusion she maintained a haemoglobin level of
7-5 g/100 ml until November 1969. She then required increasingly
frequent blood transfusions because of recurrent episodes of cardiac
failure. Although desferrioxamine treatment had been initiated in
November 1968, and was given at the time of each transfusion, a bone
marrow specimen in March 1971 showed an increase in storage iron,
and a serum iron of 215 tg/100 ml with 75% saturation was recorded.
By this time she had received a total of 62 units of blood since the
diagnosis. In addition the transfusions had been complicated by the
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