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Failure to Differentiate Pulmonary Infarction from Pneumonia
by Biochemical Tests
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Pulmonary infarction needs to be distinguished from several
diseases. In its differentiation from myocardial infarction the
electrocardiogram is a very helpful investigation, but it can be
difficult to distinguish pulmonary infarction from pneumonia.
Evidence of either a potential source of embolus or of a recent
infection of the respiratory tract may facilitate the diagnosis,
and the chest radiograph may sometimes be helpful, but signifi-
cant numbers of patients remain in whom a clear-cut distinction
cannot readily be made on clinical or radiological grounds.
Many serum enzyme determinations have been introduced

for the investigation of cardiac and hepatic disease-for
example, alkaline phosphatase, alanine and aspartate amino-
transferase, lactate dehydrogenase and its isoenzymes, isocitrate
dehydrogenase, etc.-and the possible value of some of these
assays for differentiating between pulmonary infarction and
pneumonia has been investigated by various workers-for
example, Nikkila (1959), Wacker and Snodgrass (1960),
Wacker, Rosenthal, Snodgrass, and Amador (1961), Stevens and
Burdette (1964). So far no single biochemical test has been
proposed as a reliable means of differentiating between the two
conditions, but combinations of tests have been advocated.

Nikkila (1959) tentatively suggested that measurement of
aspartate aminotransferase (G.O.T.), glucose-6-phosphate
dehydrogenase, and alkaline phosphatase might prove a helpful
triad of investigations, and Wacker and Snodgrass (1960) and
Wacker et al. (1961) advocated serial determinations of lactate
dehydrogenase (L.D.), G.O.T., and serum bilirubin. In 17
patients diagnosed clinically (12) or at necropsy (5) as having
had pulmonary infarction, with or without embolism, L.D. was
elevated, whereas G.O.T. remained normal, and in 12 out of
the 17 patients serum bilirubin was abnormal at some stage of
the illness. Wacker et al. (1961) also applied this combination
of tests to seven other patients who subsequently came to
necropsy (five with myocardial infarction and two with bacterial
pneumonia) ; the patients with myocardial infarction showed
abnormal G.O.T. and L.D. values, whereas the patients with
pneumonia had normal serum enzyme levels. They therefore
proposed that the finding of an elevated L.D. and bilirubin, in
association with a normal G.O.T., favoured a diagnosis of
pulmonary infarction in patients with a suggestive clinical
history.

Stevens and Burdette (1964) were unable to confirm the value
of the combination of tests advocated by Wacker et al. (1961);
the only finding consistently observed by Stevens and Burdette
(1964) in patients with pulmonary infarction was an elevation
of L.D., and they suggested that an elevated L.D. might be a
requirement for the laboratory diagnosis of pulmonary infarc-
tion. However, even this single test is probably not uniformly
reliable, as Wr6blewski, Ruegsegger, and LaDue (1956) and
Kirkeby and Prydz (1959) have reported normal L.D. values in
patients with pulmonary infarction.

Since it is important, therapeutically, to diagnose pulmonary
infarction correctly, it seemed worth while to reassess the
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possible value of biochemical tests in its recognition, particularly
as the diagnostic biochemical triad described by Wacker and
Snodgrass (1960) and Wacker et al. (1961) is now being quoted
in textbooks-for example, Hinshaw and Garland (1963) and
Sherry (1963). In the present study, in addition to L.D. and
aminotransferase determinations, L.D. isoenzymes have been
studied. Wroblewski and Gregory (1961) showed that lung
tissue has a relatively non-specific complement of L.D. iso-
enzymes, fairly closely resembling the pattern normally seen in
serum, whereas cardiac muscle contains predominantly the
electrophoretically fast-moving isoenzymes (L.D.l and L.D.2)
and liver mainly the slow component (L.D.5). In planning the
present study it was postulated that, if an elevated serum L.D.
was observed and the distribution of individual isoenzymes did
not differ significantly from the pattern in normal serum, this
might provide evidence in favour of a pulmonary origin of the
elevated L.D., and that finding an elevated L.D. with a normal
distribution of L.D. isoenzyme activity might strongly favour
a diagnosis of pulmonary infarction.

Patients and Methods

Two groups of patients were studied-10 with a clinical
diagnosis of pulmonary infarction and 10 with pneumonia.
Pulmonary infarction was diagnosed (in eight cases) on the
basis of at least three of the following criteria: (1) sudden onset
of pleuritic pain not preceded by respiratory symptoms;
(2) sudden onset of haemoptysis not associated with infected
sputum ; (3) non-segmental radiographic opacity (with or with-
out a raised hemidiaphragm) ; and (4) deep-vein thrombosis or
thrombophlebitis.
Two patients classified as having had a pulmonary infarction

did not fulfil three of the above criteria: (1) a 38-year-old
woman (Case 11), who suddenly developed pleuritic pain and
breathlessness (no cough, no sputum) nine days after parturi-
tion, with a temperature of 99.20 F. (37.30 C.), an ill-defined
opacity on a chest x-ray film, and a small pleural effusion; and
(2) a 67-year-old woman (Case 12) with atrial fibrillation, who
suddenly developed chest pain (no cough, no sputum) nine days
after being confined to bed, and in whom chest x-ray examina-
tion showed a non-segmental opacity. On clinical grounds
both these patients were thought to have clear-cut pulmonary
infarction. All patients diagnosed as having pulmonary infarc-
tion had sputum, or laryngeal swabs, which showed only non-
pathological organisms on culture, and leucocyte counts of less
than 13,000/c.mm.

Eight of the pneumonia patients had lobar pneumonia and
two had segmental lesions, the diagnosis being made on clinical
and radiological grounds. Pathogenic organisms were cultured
from the sputum of seven patients, but the other three had been
treated with antibiotics prior to admission to hospital. None
of these patients showed signs of deep-vein thrombosis. The
chest x-ray appearance reverted to normal in all 10 patients
after antibiotic therapy.

Patients who had recently had a myocardial infarction, or
who gave a history of hepatic disease or disorders of skeletal
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muscle, were excluded from this study, as well as those who
were in congestive cardiac failure. An E.C.G. was performed
on 18 of the 20 patients, and none showed evidence of recent
myocardial infarction. The two patients who did not have an
E.C.G. were aged 15 and 17, and were in the pneumonia group.
The interval between the onset of symptoms and admission

to the study was variable. With patients in the pneumonia
group intervals were two (3 patients), three (2 patients), four
(1 patient), five (2 patients), seven and nine days (1 patient
each), and in the pulmonary infarction group the intervals
were one (4 patients), two (1 patient), three (2 patients), four
six, and nine days (1 patient each).

Biochemical determinations by the following methods were
performed on blood samples collected from all patients on tha
first, second, fourth, and eighth days after admission to the
study, and from most patients during convalescence: bilirubin
(Haslewood and King, 1937), thymol turbidity (Maclagan,
1944), alkaline phosphatase (King and Wootton, 1956), alanine
aminotransferase (G.P.T.) and G.0-T. (Reitman and Frankel,
1957), and L.D. (Cabaud and Wroblewski, 1958). The normal
ranges found for these various determinations agreed with
published results, except for L.D. estimations, where a normal
range of 230-450 (mean+ 2 S.D.) units/ml. was obtained, com-
pared with 200-500 units/ml. reported by Cabaud and Wr6b-
lewski (1958). The reproducibility of duplicate determinations
also agreed with the published findings. In addition, L.D.
isoenzyme patterns were studied by electrophoresis on cellulose
acetate (Barnett, 1962, 1964) on seven patients in each group.

In this series patients were classified solely on the basis of
clinical and radiological findings. The biochemist was unaware
of this classification, and, equally, the clinician was not
influenced by the results of biochemical tests in making his
diagnosis.
Of the 20 patients investigated one (Case 18) died and came

to necropsy. This patient had been placed in the pulmonary
infarction group on clinical grounds; necropsy revealed deep-
vein thrombosis, pulmonary emboli, and terminal bilateral
pneumonia.

Results
There was no consistent pattern of abnormal results for

single biochemical tests in either the pneumonia or the pul-

TABLE I.-Abnormal Serum Alkaline Phosphatase Results

Length of History Day of Illness Alkaline
Case No. (Days) at Time when Abnormal Phosphatase

of Admission Result Observed (K.A. Units/100 ml.)

Pneumonia

2

3

4

12

13

14

3

5

2

{io
l 14

3
r 5
J16

8
t12
2

J3
9
36

Pulnonary Infarcnton

{60

1 {4~~~~~~
1 {2

8

11

21
21
14
16
16
14
14
16
15
14
19

20
27
25
27
40
26
22
18
15
23
16
14
20

monary infarction group, nor any pattern that emerged from
considering combinations of the tests that were performed.

Table I shows the abnormal results for alkaline phosphatase
determinations which were observed in four patients with
pneumonia and three with pulmonary infarction; the remain-
ing patients in each group had normal alkaline phosphatase
levels at all times. Cases 4 (pneumonia) and 12 (pulmonary
infarct) require comment, because abnormal alkaline phospha-
tase values were still observed in blood samples collected at
follow-up. In Case 4 the patient was aged 17, and this could
mean that the elevated alkaline phosphatase findings in his case
were associated with puberty rather than with pneumonia. No
explanation can be offered for the abnormal results observed in
Case 12 (age 67), but they seem to be unrelated to the acute
illness.

Table II shows the abnormal results that were observed for
L.D. determinations. These were found in one or more
specimens from five patients with pneumonia and three with
pulmonary infarction. Some of the values entered in Table II
exceed the upper limit of the normal range by only a very small
margin, and no patient showed grossly elevated L.D. results at
any time.

TABLE II.-Abnormal Serum Lactate

Case No.

2

3

4

5

6

15

16

17

Length of
History
(Days) at
Time of

Admission

3

2

2

5

Day of
Illness when
Abnormal
Result

Observed

Pneumonia
44
6

r5
t6
t12
2
5
9
2
3
9

t35
r5
J6
^18
t12

Pulmonary Infarctio

3 {4

3 { 6410_

Dehydrogenase Results

Lactate Dehydrogenase
Activity (Units/ml.)

460
410 (L.D.4 18%)
485
468
450 (L.D.i 14%/O)
463
475
460
480
480 (L.Da 10%)
505 (slight haemolysis)
465
435 (L.D.3 8%)
500
480
490
480

470
400 (L.D.t 13%)
455
470
455
470
480
470

For details of specimen collection and entry of results, see footnotes to Table I
L.D. results were the mean of duplicate determinations. Abnormal isoenzyme

activity, expressed as a percentage of total L.D., is shown for those isoenzymes
where activity departed by more than 20% from the normal limits for the percentage
of total activity.

Cellulose acetate electrophoresis did not show any consistent
alteration in the L.D. isoenzyme pattern for patients in either
group. The relative intensity of the isoenzyme bands was
assessed by scanning the stained strips with a reflectance inte-
grating densitometer (Joyce, Loebl & Co. Ltd., Gateshead, Co.
Durham), and changes in relative intensity of individual iso-
enzyme bands are shown in Table II, where the percentage of
total L.D. activity contributed by a particular isoenzyme band
departed by more than 20% from the limits of the normal
range for that component. The percentages of total L.D.
activity due to individual isoenzyme fractions were determined
by electrophoresis of sera from 15 normal individuals and were:
L.D.1, 20-38% ; L.D.2, 27-43% ; L.D.3, 16-30% ; L.D.4,
2-14% ; L.D.5, 0-18%. Even if a greater degree of precision
be attributed to this essentially semi-quantitative method, and
departures of 10% from normal limits for individual
isoenzymes are accepted as significant, no consistent pattern of
abnormal distribution appears in either group of patients.
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Blood specimens were collected on the 1st, 2nd, 4th, and 8th days of hospital
admission; the day of illness refers to the interval between the onset of symptoms
and the collection of a blood sample. Most patients also attended for follow-up
examination as out-patients.
There were 10 patients in each group. Normal findings are not shown.
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Serum aminotransferase results were abnormal on one or
more occasions for two patients in the pulmonary infarction
group. One of these (Case 13) was already in hospital, being
treated with anticoagulants for a previous pulmonary infarc-
tion ; she developed a large haematoma shortly before the second
episode of pulmonary infarction, which, for present purposes,
has been classified as a separate admission to hospital. On the
first day of the relapse the G.O.T. and G.P.T. in Case 13 were
320 and 115 units/ml., and these levels returned to normal by
the fourth and eighth days respectively ; the serum alkaline phos-
phatase was also raised at this time (Table I). Only one patient
(Case 13) is represented twice in this series, and the raised
aminotransferases in her case are thought to have arisen from the
haematoma. The other patient (Case 18) died on the second day
of his illness (necropsy findings, see above) ; aminotransferase
activities were normal on admission but raised terminally
(G.O.T. and G.P.T. 145 and 100 units/ml. respectively on
the day of death).

Case 18 also had a raised serum bilirubin (2.0 and 2.5 mg./
100 ml. on the first and second days of illness), but no other
patient in the pulmonary infarction group had an abnormal
bilirubin. Two patients (Cases 1 and 5) in the pneumonia
group had raised bilirubin values (1.1 and 1.9 mg./100 ml.) on
the tenth and ninth days of their illnesses respectively, and Case
5 also had a raised value (2 mg./100 ml.) in the first blood
sample collected. Apart from these findings, results of bio-
chemical investigations were normal for all patients.

Discussion

The results of this limited assessment do not support the
value of the diagnostic biochemical triad proposed by Wacker
et al. (1961) for investigating suspected pulmonary embolism,
with or without infarction. Only 3 out of the 10 patients in
the group classified as patients with infarction had an elevated
L.D. on one or more occasion, and none of these three had an
elevated serum bilirubin. On the other hand, four of
the patients in the pneumonia group had an elevated L.D.
The possibility has to be considered that some patients were
placed in the wrong diagnostic group on clinical and radio-
logical grounds, and that only patients with an elevated L.D.
at some stage of their acute illness should have been included in
the pulmonary infarction group. On the basis of having had
an elevated L.D., five cases classified here as pneumonia and
only three of the infarct patients would have been reclassified
as having had a pulmonary infarction ; of these eight patients
only one (Case 5) would also have fulfilled the two other bio-
chemical criteria in the diagnostic triad of Wacker et al. (1961).
On clinical grounds such a reclassification would certainly have
been incorrect. The present study therefore does not support
the findings of Wacker and Snodgrass (1960) and Wacker et al.
(1961), nor does it support the conclusions of Stevens and
Burdette (1964), who reported that L.D. determinations by
themselves were of value in confirming a diagnosis of pulmonary
infarction, but agrees rather with the assessment of Levine,
Israel, and Fisher (1964).

Failure to observe abnormal L.D. values more often in
patients classified as having had a pulmonary infarction could
have been due to the time which elapsed in some cases between
the incident and the admission of the patient to hospital. How-
ever, Wacker et al. (1961) reported elevated L.D. values which
persisted long enough to make this explanation unlikely, since
seven patients in the pulmonary infarction group were admitted
within two days of the onset of their illness, unless elevated L.D.
values are found regularly only in severe cases of pulmonary

infarction, a proviso which would severely restrict the clinical
value of the test.
The L.D. isoenzyme investigations performed here were of

very limited value because of the small numbers of patients with
elevated total L.D. activity. Most specimens showed a normal
distribution of isoenzyme activity, but there were occasional
changes in percentage activity in individual bands (Table II).
No consistent pattern of differences in isoenzyme distribution
between the two groups emerged from this study, possibly
because of limitations in Barnett's (1962, 1964) method as a
quantitative procedure, but Landau and Ramot (1964) also
failed to demonstrate any significant differences in L.D.
isoenzyme patterns in a similar comparison of sera from 13
patients with pulmonary embolism and eight patients with non-
vascular lung disease, in which starch-gel electrophoresis was
used to develop the isoenzyme patterns.

Reports in the literature about the frequency of G.O.T. eleva-
tion in pulmonary disease have been very varied-for example,
Agress (1959), Hess (1963), and Levine et al. (1964)-tending
to stress the slow development of abnormal G.O.T. levels, when
these occur. The present investigation does not suggest that
G.O.T. determinations are of value, nor does it support the
suggestion of Nikkild (1959) that alkaline phosphatase measure-
ments have a place in the differential diagnosis of pulmonary
disease.

Summary

The value of chemical tests in distinguishing between 10
patients diagnosed on clinical and radiological grounds as
having a pulmonary infarction, with or without embolism, and
10 patients diagnosed as having pneumonia has been assessed.

Lactate dehydrogenase, alanine and aspartate aminotrans-
ferase, alkaline phosphatase, serum bilirubin, and thymol
turbidity determinations were performed serially on these
patients, but no important differences were detected between
the two groups.
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J. D. Ross, and Dr. A. C. Douglas for allowing us to study patients
under their charge.
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