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ACUTE MYELOCYTIC LEUKAEMIA. 

\J By William Elder, M.D., F.RC.P.Ed. Physician, Lcith Hospital; 
and J. S. Fowler, M.D., F.E.C.P.Ed., Extra Physician, Royal 
Hospital for Sick Children, Edinburgh. 

(Plate VI.) 

On account of the rarity of the condition, as opposed to the com- 
parative frequency of acute lymphatic leukeemia, it is desirable 
that every case of acute myelocytic leukaemia should be put on 
record, and for that reason the following one, which was under 
our care some years ago, seems worthy of publication. 

The patient was a man, iet. 34, a labourer, who was admitted to 
Leith Hospital on 12 th December 1901, complaining of weakness, giddi- 
ness, and pains all over the body, but especially in the back, of a week's 
duration. When the patient was seen in the out-patient department, 
nothing could be discovered to account for his weakness, but as the 
pulse was 136, small, feeble, and irregular, it was considered advisable 
to admit him to hospital for observation. 

Family History.?Good. His mother died at the age of 25, the 
cause of death being unknown. 

Previous History.?Social surroundings poor. The patient is a 

heavy smoker, intemperate, but has not had syphilis. Except for an 
attack of typhoid fever ten years ago, he has always been healthy. 

Present Illness.?The patient was doing the ordinary work of a 

navvy, and felt absolutely well until a week ago, when lie began to 

suffer from pains in the legs, back, and arms. Since the pain began he 
has felt weak and easily exhausted, and has suffered from breathlessness 
and giddiness. There has never been any swelling of the joints, there 
have been no gastro-intestinal symptoms whatever, and no haemorrhages 
have occurred. 

State on Admission.?The patient is a well-developed, well-nourished, 
muscular man; his complexion is florid, with slight pallor of the lip3 
and conjunctivae. He is not jaundiced, and there are no cutaneous 

eruptions. There are no glandular enlargements, nor is there any 
tenderness over the bones. The pulse is 92, slightly irregular. 

Alimentary system.?The tongue is clean. The teeth are carious, 
and there is slight ulcerative stomatitis, but apart from this, which con- 
sists merely in a superficial necrosis of the edges of the gums, where they 
come in contact with the decayed teeth, no other ulceration is present 
about the mouth. The pharynx and tonsils are normal; there are no 

dyspeptic symptoms, and the bowels have been regular up till the pre* 
sent. The liver dulness extends from the sixth rib to the costal margin. 
The lower border of the stomach is in its normal position. The abdo- 
men is flaccid; the spleen is not palpable, though the area of splenic 
dulness is, if anything, a little enlarged. 
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Circulatory system.-^?The apex beat is so feeble that it cannot be 
felt. The cardiac dulness is of normal size. The heart-sounds, though 
faint and almost inaudible, are pure and free from bruits. 

The respiratory system is normal. The urine is pale, acid, sp. gr. 

^034, and deposits urates, but contains no albumin, blood, or casts. 

Except for headache, the nervous system is normal. 
Progress.?December 12.?About ten hours after admission the 

patient passed a copious fluid motion, consisting almost wholly 
of dark- 

coloured altered blood. Evening temperature, 100?'6. December 13.? 

J-wo more stools containing blood. A probable diagnosis of duodenal 
ulcer was made, the rapid pulse and debility being ascribed 

to unnoticed 

hemorrhages from the bowel. December 20.?No more haemorrhage has 
aken place, but the patient is weaker and looks ill. He complains of 
pain in the right hypochondrium. Temperature, 100? "8. December 26. 

r~For the past few days the temperature has ranged between 
990-6 and 

'4, and the pallor, irregular, rapid pulse (88 to 104), 
and prostration 

continue. A blood count was made, giving?Eed corpuscles, 3,132,000; 
iseinoglobin (Growers), 48 per cent. ; leucocytes, 7210 (the micro- 

scopic appearances will be referred to later). The urine contains a trace 

albumin, and deposits triple and stellar phosphates. December 29.? 

evere headache. Pulse, 106, irregular. December 30.?Headache con- 

inues. Temperature, 102?*2. December 31.?At 5 a.m., free epistaxis 
or an hour, which completely relieved headache. Temperature, 100o-2. 
ulse weaker, 120. January 2, 1902.?Another attack of epistaxis; 

except for headache the patient complains of no discomfort, but is 

weaker. Pulse, 120, irregular. Blood?Red corpuscles, 3,200,000; 
semoglobin, 38 per cent.; leucocytes, 5800. January 6.?Temperature 

9 41 
ran"in8 about 101?. Pulse quicker. Blood?Red corpuscles, 

p' .6,000 ; haemoglobin, 36 percent.; leucocytes, 12,190. January 9.? 
atient is acquiring a somewhat yellow tinge, suggestive of pernicious 

anaemia. He complains greatly of epigastric pain. January 10.?Blood? 

^-ed corpuscles, 2,400,000; haemoglobin, 36 percent.; leucocytes, 20,000. 
anuary 11.?Death took place unexpectedly in the early morning. 
Post-mortem Repoiit (Dr. T. Shennan).?Surface of body pale, 

no 

vidxty. Peritoneal cavity contained a small quantity of clear, blood- 
?' ained fluid. Both pleural cavities contained 10 oz. of 

more markedly 
ood-stained fluid. The pericardial sac was completely obliterated by 

y ̂lesions. Right heart empty; left contained very little blood. 

alves healthy; heart muscle pale. The lungs were normal in appear- 
ance. The spleen measured 17 x 12 x 4 cms., and was 

dark bluish-red 

l!1 c?l?ur. Its surface was smooth except for a small area, over which 

er_e were firm adhesions. The organ was soft to the touch, and on 

potion a good deal of the pulp could be scraped away 
with the knife. 

le suprarenals were nbrmal. The left kidney measured 11^ cms. The 

Capsule stripped readily; the surface was pale yellowish-pink. The cortex 

^as broader than normal. The right kidney measured 12 cms., and 
as in the same condition as the left, except that there were a few 
e 0n-seed-sized firm white nodules at the junction of the cortex and 

q j 
u'"a. Gall bladder empty. Liver measured 9b cms. transverely by 

2 cms. vertically; its surface was smooth and pale. The pancreas was 

mal in appearance. The stomach was very much distended, and 
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filled with about a quart of dark clotted blood. To this haemorrhage 
the sudden death had been due. The gastric mucous membrane was of 
normal thickness, and showed the cicatrix of an old ulcer just below the 
cardiac orifice. The source of the fatal haemorrhage could not be detected. 
The mesenteric glands were not enlarged. A considerable amount of 
blood was mingled with the contents of the intestine. The mucous 

membrane of the greater part of the ileum was covered by dark-red 
mucus, but no ulcers were present. The Peyer's patches were not 
unduly prominent, but the solitary glands of the small intestine were 
very distinctly swollen. The thymus was visibly joresent. The axillary, 
cervical, and mediastinal glands were not enlarged, but the last 

mentioned showed anthracosis. The bone marrow throughout the shaft 
of the left humerus was of a uniform deep-red colour. 

Parts of the liver, spleen, kidneys, marrow, and blood from the heart 
were removed for microscopic examination. 

If we shortly review the clinical features of this case, we find 
a previously healthy man, in whom general asthenia developed 
comparatively suddenly, without apparent cause. The most pro- 
minent early symptom was the enfeebled and rapid cardiac action; 
anaemia was at first to a great extent masked by the naturally 
ruddy complexion, so much so, that, unfortunately, an examination 
of the blood was not made during the first ten days or so. A 

trifling erosion of the gums, haemorrhages from the stomach, 
bowel, and nose, associated with a slight degree of fever and pro- 
gressive weakness, complete the picture. The total duration of 
the illness was less than six weeks. The original diagnosis of 
duodenal ulcer was departed from, and a correct one made as soon 
as the blood was examined, when the following state of matters 
was found:? 

Differential Count in Triacid Stained Films. 

Date. 

December 26, 1901 

January 2, 1902 

January 6, 1902 

January 10, 1902? 

Total 
Leuco- 
cytes. 

7,210 

5,800 

12,190 

20,000 

Lympho- 
cytes. 

29 

28 

28*6 

29-2 

Poly- 
nuclears. 

46 

56-8 

54 

55 

Eosino- Myelo- 
philes. oytes. 

4 21 

2-2 13 

3-2 13-2 

2-8 

There was some poikilocytosis but no polychromatophilia. 
A good many megalocytes were present. Nucleated reds were 

very abundant, especially in the later films ; all were normoblasts, 

many with double or irregularly shaped nuclei. A fair number 
of the polynuclear leucocytes have no granules. In addition to 
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typical myelocytes with neutrophile and eosinophile granules, 
there were a good many cells of the myelocyte type, but with 
nuclei which, instead of being round, were slightly indented. In 
films taken on 6th January, and subsequently stained with 
Michaelis' eosin-acetone-methylene-blue mixture we found: small 
lymphocytes, 23-2 per cent.; large lymphocytes, 10'6 per cent.; 
polynuclears, 47 per cent.; myelocytes, 11 per cent.; eosinophiles, 
5"6 per cent.; mast cells, 2-6 per cent. Many forms intermediate 
between large mononuclears ("lymphoid cells"), typical large 
lymphocytes, and sparsely granular myelocytes, were present, 
ihe basophile cells were both mono- and polynuclear. A con- 
siderable number of vacuolated reds and a degree of polychromasia 
Were present. 

Microscopic Examination of the organs brought out the following 
appearances:? 

Liver.?The outlines of the portal spaces are indistinct. Except for 
a slight degree of cloudy swelling and a somewhat excessive number of 

eucocytes in the capillaries, the organ shows no changes. 
Spleen.?The capsule of the organ is normal. The Malpighian bodies 

ave indistinct outlines, fading gradually into the surrounding pulp. 
le pulp is increased in amount, and the Malpighian bodies are in con- 

sequence much more widely separated than normal. The most striking 
eature in the pulp is the great number of eosinophile leucocytes 

scattered through its sinuses, from fifteen to twenty of these cells being 
seen in almost every field of a in. lens. The sinuses contain more 
,eu blood corpuscles than usual, but nucleated reds are relatively 
,. requent as compared with the number present in the general circula- 
0n- A considerable number of large mononuclear cells (myelocytes) 

aie also present, and form a prominent feature in the section. No giant 
of the marrow are seen. No eosinophiles are found in the Mal- 

Pxghian bodies, but a fair number of myelocytes are present. 
Kidneys.?There is a slight increase in the interstitial tissue, and 

j^ny of the tubules show signs of desquamation. The glomeruli are 

Marrow sections.?The principal characteristic of the sections is the 
Recurrence of many large clumps of myelocytes, mostly lying in close 

ation to the vessels. Among these myelocytes many eosinophiles are 
1 resent, though not in such numbers as in the spleen. Numerous 
?rmo- and megaloblasts are also seen. On the whole, the myeloid 
aracter of the marrow is increased, the lymphocytic elements being 

j 1Vely fewer than normal. Giant cells of the marrow are normal 

appearance, but somewhat few in number. 
c 

, 
*ms made from marrow showed an increased proportion of myelo- 

e^;as comPared with other cells (Plate VI., Fig. 1). 
as H 

^ from ventricles.?This showed the same qualitative changes 
the 

1G ^00cl ?f the capillaries during life, but to a much greater degree, 
ttiv ?Um^er ?f leucocytes being undoubtedly very much larger, and the 
sev 

?C^es more numerous, giving the appearance of ordinary fairly 
^myelocytic leukosmia (Plate VI., Fig. 2). An accurate differential 
? 

"ED- *MED. 594?NEW SEE.?VOL. XVI.?VI. 
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count could not, however, be made, owing to the fact that, as is usual in 
blood films made post-mortem, many of the cells did not stain satisfac- 
torily. The main feature?a great excess of myelocytes?was, however, 
a striking characteristic of the films. 

Sections of liver, spleen, and kidney were also treated with potassium 
ferrocyanide and hydrochloric acid, but, except for a few sparsely 
scattered granules in the tubules of the kidney, they gave no evidence 
of iron reaction. 

The diagnosis in this case seems unquestionable. The pre- 
sence of so large a proportion of myelocytes as 13 per cent., 

especially when associated with the great number of erythroblasts, 
even in the absence of any marked leucocytosis, points conclusively 
to the case being one of myelocytic leukaemia, whilst the short 
course with the hemorrhagic symptoms conforms exactly to the 
type of acute leukaemia. In addition to the clinical evidence, 
the pathological changes, essentially consisting as they do in a pro- 
liferation of the myelocytes of the bone marrow and a not incon- 
siderable myelocytic infiltration of the spleen, assure the diagnosis. 
The significance of the eosinophilia in the spleen is unknown; 
one of us has reported its occurrence in the splenic anaemia of 
infants. (9) 

The subject of this paper has been recently discussed by 
Billings and Capps(6) in America, and Hirschfeld (7) in Germany, 
and, except by way of confirmation of their conclusions, our case 
does not throw any new light on the symptomatology of the con- 
dition. It agrees with the description given by these writers in 
showing?(1) Greater anaemia than is usual in chronic leukaemia, 
and (2) the presence of a considerable number of myelocytes. 
We would especially note, also, the presence of cells intermediate 
between lymphocytes and myelocytes, as in Billings and Capps' 
and other cases, polynuclears without granules, as in Hirschfeld 
and Alexander's case, a larger proportion of eosinophiles and 
mast cells than seems hitherto to have been observed, and, in 
particular, a very low leucocyte count, not rising above normal 
until the very end, and then only reaching 20,000. 

This is, we believe, the first case which has been reported in 
England, and as the previous papers are so few in number we may 
be allowed shortly to summarise them. In the two articles 
referred to twelve cases are quoted, and we have not found any 
others in the literature, although doubtless some exist described 
under names other than acute myelocytic leukaemia, and hence 
may have escaped our notice. As is not unnatural, several of the 
cases quoted as probable instances of this disease are atypical in 
many respects, and we think that only the following come 
definitely into the group we are now discussing:? 

Case 2. (Thomson and Ewing(1)).?Female, set. 21. Onset with 
sore throat, painful swelling of right arm, vomiting, and fever; no 

haemorrhages. Duration, two months. 



ACUTE MYELOCYTIC LEUKAEMIA. 507 

Blood.?Eed corpuscles, 1,290,000; hemoglobin, 20; leucocytosis, 0 from 50,000 to 100,000. Normoblasts very numerous. Differential 
count lymphocytes, 33 per cent.; polynuclears, 55 per cent.; myelo- 
cytes, 12 percent.; eosinophiles few; mast cells absent. 

Case 3. (Leube and Arnetli (2)).?Male, set. 10. Onset with epis- 
< xis, anaemia, moderate enlargement of the liver and spleen, and great 
enderness over the bones. Duration, eighteen days. 

?"^ec^ corpuscles, 256,000 ; haemoglobin, 10; leucocytes, 
jb00. Great alterations in red corpuscles?poikilocytosis, normo- and 

jttegaloblasts, with double or irregular nuclei. Differential count?small 
yrnphocytes, 22'9 per cent.; large lymphocytes, 8*2 per cent.; poly- 1 

ears, ^ Per cent. i eosinophiles, 0*3 per cent.; myelocytes, 15*1 per 
cent.; eosinophile myelocytes, 0'5 per cent. Many non-granular and 
sparsely granular polynuclear cells were present, and in addition to 
fteutrophile myelocytes there were numerous cells like myelocytes but 

1 ^ew or no granules. The bulk of the cells in the marrow resembled 
yelocytes but were non-granular; Arneth suggests that they were 
Lurks Reizungs-formen. 

Case 4. (Ewing, quoted by Fillings and Capps (3)).?Male. Anaemia, 
Vl ^ slight enlargement of spleen and glands. Very rapid course. 

Blood.?Eed corpuscles, 1,080,000; haemoglobin, 20; leucocytes, 
^ 10111 axiHary vein post-mortem), 31,000. Differential count?lympho- 
y es, 61 per cent.; polynuclears, 6 per cent.; myelocytes, 31 per cent.; 

j 
Slu?phile myelocytes, 2 per cent. A few mast cells, numerous normo- 

<?] i' from the marrow showed chiefly myelocytes, from the 

^ 
nas a uniform growth of large non-granular mononuclear cells, and 

rom spleen many small lymphocytes. 

Wjxjp"tSE (Grawitz, quoted by Hirsclifeld (4)).?Female, aet. 42. Onset 

bleeding from gums, on account of which fourteen teeth were 
lacted. Stomatitis and necrosis of the jaw. Enlargement of the 

rvical glands and spleen; general haimorrhagic diathesis. Duration, 
IQurteen days. 
c blood.-?Leucocytes, 190,000. Differential count?small lympho- 
y es, 5 per cen^. . jarge lymphocytes, 15 per cent.; polynuclears, 10 

i 1 cent.; mvelocytes, 60 per cent.; eosinophile myelocytes, 10 per 
tent- J no mast cells. 

witl^ASE 6. (Hirschfeld and Alexander (5)).?Male, set. 21. Onset 

an I1 l^Cer Per>iostitis of jaw and metatarsus, anaemia, gingivitis, 
^ progressive asthenia; spleen palpable. Duration, two months, 

^ng the earlier stages of the malady there was simple anaemia, with- 
, qualitative changes in the blood : during the latter half leukaemia 
aevel0ped. 
30 Rc!c\0<^'?"^ec* corpuscles, 1,250,000; haemoglobin, 15 ; leucocytes, 

cent it0 ?4,000. Differential count?small lymphocytes, 7-4 per 

my j> *ar8e lymphocytes, 19'2 per cent.; polynuclears, 64-7 per cent.; 
Hun KC^eS' Per cent? Mast cells and eosinophiles were absent; a 

er?f the polynuclear leucocytes had no granules. Fost-mortem, the 
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marrow was densely infiltrated with myelocytes, there being few7 poly- 
nuclears and eosinophils, and no mast cells. The pulp of glands and 
spleen showed myeloid changes, and consisted almost entirely of myelo- 
cytes and giant cells of the marrow?films could, indeed, scarcely be 
distinguished from those made from the marrow itself. 

Case 7. (Billings and Capps (6)).?Male, jet. 68. Onset with ulcera- 

tion at the root of a carious tooth, followed by necrosis of the jaw. Pro- 

gressive anaemia, gingivitis, cutaneous haemorrhages, slight enlargement 
of the cervical glands and spleen, albuminuria and casts. Duration, 
two months. 

Blood.?Ked corpuscles, 1,700,000; haemoglobin, 30; leucocytes, 
374,000. Many normoblasts. Differential count?small lymphocytes, 
1*6 percent.; large lymphocytes, 22 per cent.; polynuclears, 21-2 per 
cent.; eosinophils, *4 per cent.; myelocytes, 54*4 per cent.; mast cells, 
*4 per cent.; no sectio. 

Apart from these six cases, which one cannot avoid regarding 
as definite examples of acute myelocytic leukaemia, we have found 
none in the literature free from doubt. Turk's case (10), though of 
great interest, has too much resemblance to the allied disease 
O 7 

cliloroma to permit us, in the present state of our knowledge, to 
place it in the same group as the preceding. The patient was a 
man of 38, who died after three or four months' illness, in 
which the symptoms were very like those described above. His 
blood showed 560,000 red corpuscles, 10 per cent, of haemoglobin, 
and 58,000 leucocytes, of which lymphocytes formed 18 per cent., 

polynuclears 37 per cent., and myelocytes 40'5 per cent. Eosino- 

philes were few; mast cells entirely, and normoblasts almost 

entirely absent. Post-mortem, the marrow of the ribs, vertebrae, 
sternum, and femora was bright green in colour; similar green 
foci were present in the kidneys, and there were large deposits of 
the same material along the periosteum of the vertebral column. 
The lesions were highly suggestive of chloroma, the only point of 
difference being that they were composed wholly of myelocytes, 
not lymphocytes. This case seems to us to stand almost alone, 

and is remarkable as suggesting a condition intermediate between 
myelocytic leukaemia and chloroma, analogous therefore to the 

cases which Bramwell(8) has recorded as intermediate between 
that rare disease and lymphatic leukaemia. 

So far as the rather scanty data go, the following are the main 
conclusions to be drawn :? 

1. The course and clinical features of acute myelocytic leu- 
kaemia are practically identical with those of the much more 

common acute lymphocytic leukaemia. 
2. The anaemia is generally greater than the ordinary chronic 

cases. Case 3, in which the anaemia was profound, has, along 
with others, been described by Leube under the title of " leuk- 

anaemia," on account of the extreme qualitative and quantitative 
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alterations in the red cells. We agree with Hirschfeld, however, 
in looking on it as acute myelocytic leukaemia. 

3. The leucocyte count is not always high; it may be little 

above normal, but sometimes rises to a figure comparable to what 
is got in chronic cases. 

4. Eosinophils may be absent or few; the same is to an even 
greater extent true of mast cells. As in other cases of a typical 
leukaemia, many of the leucocytes are difficult to classify, and 
forms morphologically intermediate between large lymphocytes 
and myelocytes are common. Non-granular polynuclears are also 
found. Normoblasts may be absent or plentiful, and megaloblasts 
are sometimes present. 
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