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mine a regional symptom of a ‘septicemia or abscess of
the gravest character. The micro-organisms, if they
act on the spot, first seek the alveolus (alveolodental
Periostitis) then the mandible (osteoperiostitis, osteo-
myelitis of the jaws), or conjointly bone and mucous
lining. Tf they follow the contiguous tissues of the
Mmouth, we get stenoparotiditis; if they penetrate
through the alveolus of an upper tooth (first or second
molar), maxillary sinusitis. 1f they pass on to the air-
Dassages, hronchopneumonia follows. 1f they enter into
the digestive apparatus they produce or help to produce
In people subjeet to chromic abscessed teeth, anemia or
so-called “dental cachexia” of Tejars,” or the acid
putrid intoxication of Richel.' Everyone who has fol-
Iowe_d the clinieal evolution of the lymphophlegmonous
scpticemia of the neck knows that it may be either
simple septicemia or septic pyemia. If an incision is
made in the phlegmonous parts, it is with great trouble
that one will find in the deep parts a minute suppurat-
Ing point containing only a dram or so of a secretion
which may not he pus in character; or nothing at all
may be found. Iicre is a clear proof that we must dis-
t!'us'c‘sur;,rimnl infections which do not suppurate. Sup-
Puration- may he a means of defense for the organism.
!n many of {hese severe cases death comes on very rap-
1dly, the nerve centers heing profoundly affected and not
&Wing the brain time to react under the cellular intoxi-
¢ation, while the patiént has a slight delivium, but
depression irregularity and weakness of the pulse, respi-
ratory insufficiency, dyspmea, toxins thrown off by
SWeats, diarrhea and albuminuria.
1644 Morse Avenue.

ABSTRACT OF DISCUSSION

C Do M. H, FrLETCHER, Cincinnati: The thing that presents
self most forcibly to me is the lnck of knowledge in parents
of the laws of ph_\}siology. That is, the luck of proper knowl-
¢dge of the conditions under which to bring up echildren, and
from oyr view-point the mouth is very important. I have
read in various werks that the saliva of animals is strongly
alkaline, but to go to the abattoir, apply a bit of litmus
Paper to the saliva of animals and find it change as quickly

Yom aeid to alkaline as it would be in a solution of bicarb-

Onite of soda, and find this in absolutely cvery case, is some-
u‘”f{; that should be considered by us. 1 take it that civilized
Clivironment has ehanged the physiology of man to almost
tl'e. Opposite condition. For it is. a rare thing to find human
saliva more than barely alkaline. Now, with the strong
alkaline condition found in the mouths of animals, no acid
;‘]“My could exist. Again, the eating of the rough food by
¢s¢ animals constantly rubbing against their gums, keeps
he tissucs healthy and strong. This feature is of great im-
F""t?«“t'e for there is a development of large rolls of cou-
“':;'h\’e tissue or callus at the necks of the teeth of these
th ‘n;a‘]s, especially just inside of the lower front teeth, whe!:c
istt- °0fi comes in contact with the mucous membrane. This
tue in carnivora, whete the teeth are conical, but not to the
degree found iy the herbivoras the bifing with conical teeth also
“leans them to the gums. When animals are kept from their
:ll(?]l‘-rfml diet and fed on civilized food, there is a marked
b(;I;(x‘l.c)' or softening of the gums in consecquence. I do not
"en("e these points lave been brought before our present
:i"cemtl()ll'strongly enough to impress them properly, and,
do 1? :Ur-teeth are not cleansed by our food, and our mouths
us ot lhave this protective alkaline saliva, by all means let
® 8¢ the puperior intelligence Providence has given us and

[} .
D :i!;o?ejm‘s' Felix: Legons de Chirurgle, Masson, Parls, 1893,

10. Richat -
fractyren oo De Iintoxicatlon putride qui accompugne -certaines
no(-f“‘sfs. dites simples du maxillatve inferieur, Bull. Soc. de Chir,
Dy Series 2, 1i1, 410-481, ;
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‘give our gums this hard rubi)ing that they need, and the

mouth and tongue the proper cleansing and the result will
be to the development of heulthy, strong gums and good
teeth. Our intelligence should lead us to know where to
begin and how to correct these defects; then we will know
how to teach our children about them.

THE RELATION OF BLOOD PLATELETS  TO

HEMORRHAGIC DISEASE

DESCRIPTION OF A METHOD FOR DETERMINING 'I'ILE
BLEEDING TIME AND COAGULATION TIME AND
REPORT OF THREE CASES OF ITEMORRHAGIC
DISEASE RELIEVED BY THRANSFUSION *

From the Hunterian Laboratory of Txperimentat -Pathology, Johns
Lopking Universlty
W. W. DUKE, M.D.

KANSAS CITY, MO,

1 is my purpose in this paper to report three cascs
and experiments which furnish additional evidence to
show that the blood platelets play a part in stopping
hemorrhage, and that one type of hemorrhagic disease
nmay he attributed to an extreme reduction in the num-
her of platelets. 'The cases possibly explain the relief
whichh sometimes follows transfusion in hemorrhagic
disease. 1t is my purpose also to describe a method for
studying hemorrhage called the bleeding time, and to
deseribe briefly a simple method for determining the
coagulation time. :

In the cases there was marked hemorrhagic diathesis,
a normal coagulation time, and almost an absence of
platelets. Transfusion was performed in each case.
After {ransfusion there was a marked increase in the
number of platelets and remarkable velief of hemorrhage.
When the platelet counts returned to their previous low
level, hemorrhages returned. Later in the course of the
discase in two of the cases, the platelet count rose spon-
tancously and this rise also was followed by relief of
hemorrhage. The cases are reported to show the marked
dependence of pathologic hemorrhage in this type of dis-
ease on the reduced numbers of platelets. The experi-
ments are reported briefly to show that platelet counts
reduced experimentally by benzol are not associated with
changes in the coagulability of the blood which account
for the hemorrhages of the condition and suggest that
this type of hemorrhagic diathesis is due directly to the
lack of platelets.

A METHOD FOR DETERMINING THE BLEEDING TIME

A small cut is made in the lobe of the ear. At hall-
minute intervals the blood is blotted up on absorbent
paper. ‘This gives a series of blots of gradually decreas-
ing size. Kach blot represents one-half minute’s outflow
of blood. The rate of decrease in the size of the blots
shows-the rate of decrease of the hemoirhage. The cut
should be made of such a size that the first half minute’s
outflow' of blood makes a blot-1 or 2 cm. in.diameter.
The total duration of such a hemorrhage is called the
bleeding time.

Figure 1 (A, B, C). was made from cuts of different
size. 'These sets of blots show that within certain limits
the duration of a hemorrhage does not depend on the
size of the eut. 1f these figures represent capillary hem-

. * Read in the Sectlon on Practice of Medicine of the American
Medical Association, at the Sixty-fivsst Annual Session, held at Ht.
Louls, June, 1810..
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orrhages it is evident that a large number of capillaries
will stop bleeding as rapidly as a small number,

The normal bleeding time varies from one to three
minutes.

The bleeding time is slightly delayed (five to ten
minutes) in severe anemia (Fig. 2). :

Great delays in the bleeding time were found in, (1)
cases in which the platelet count was excessively reduced
(ten to ninety minutes—Fig. 3), (%) cases in which
the fibrinogen content of the blood was excessively
reduced (ten minutes to twelve hours), and (3) experi-
mental animals in which both platelets and fibrinogen
were reduced.

It is remarkable that the bleeding time is independent
of the coagulation time. The bleeding time was
normal in several cases of jaundice in which the
coagulation time was very much delayed. Two
of these patients died of pathologic hemorrhage.

—

C

fig. 1.—Normal bicediug times; A, from small cut; B, from
larger cut; C, from very large cut.

It was also normal in a patient with hemophilia, who
had a slight delay in the coagulation time and
pathologic hemorrhage. The bleeding time was found
to be normal in several types of purpura hemorrhagica
in which the platelet counts were normal. It is difficult
to explain why these patients had hemorrhage into the
tissues, from mucous membranes, and from operation
wounds, and at the same time had normal bleeding from
car-pricks.

The bleeding time, then, in types of disease associated
with low platelet counts, or with a reduced quantity of
fibrinogen shows a tendency to prolonged hemorrhage.
In these types of discase, a delayed bleeding time is a

BLOOD PLATES AND HEMORRHAGE—DUKE

(Fig. 40).

Jour. A. M. A,
Ocr. 1, 1910

more reliable indication of hemorrhagic diathesis than
hemorrhagic symptoms, for such symptoms usually
depend on general and local causes. The latter are, of
course, not constant. In the cases reported in this paper
the bleeding time was invariably delayed when pathologic
hemorrhage was evident, and was often considerably
delayed before hemorrliage began.

The method is apparently of no value in determining
the tendency to bleed in jaundice and hemophilia, and
in the types of purpura hemorrhagica which have normal
platelet counts.

A SIMPLE METIIOD FOR DETERMINING THE COAGULATION
TIME !

The apparatus consists of a slide on which are mounted
two 5 mm. disks. One disk is covered with the blood to
be tested. The other is covered with normal bloed. The
two drops of blood should be of about the same depth.
The slide is then inverted over a glass nearly full of
water kept at 40 C. and is covered with a warm, damp
cloth. The coagulation time is determined by holding
the slide in a vertical position for a moment. When the

‘end point is reached the drop does not hang, as in

Figure 4 a, but retains the contour of a perfect sphere

: ".

VR .

o

Fig. 2.—Slightly delayed bleeding time.
ary anemia.

From a case of second-

The end point appears sharply and is
easily determined.

The normal coagulation time by this method varies
from five to seven minutes. A very shallow drop clots
one to two minutes sooner than a very deep one. The
normal bleod can be used for a control, or can be used
for obtaining a comparative time.

1f simply the comparative time is desired, the temper-
ature of the water may be allowed to vary between 35
and 40 C., and the glass may be covered with the hand
instead of a damp cloth. A delay of two minutes can
be easily determined by this method.

PLATELET COUNTS

Wright’s method? was used in making the platelet
counts. According to this method the blood is drawn up
in a 1-100 pipette, mixed with a solution of cresyl blue
and potassium cyanid and counted by the red cell

1. This method is a modification of Hinman and Sladen's siide
method (Johns Hopkins Hosp. DBull, 1907, xvill, 207). The
principle was first used by Milian.

2. Wright and Kinnicut: Tr. Assn. Am. Phys.,, May, 1910.
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BLOOD PLATES AND
technie. The red cells are laked by this solution and the
leukocytes and platelets are stained. This is a grest
advantage, for the platelets can be casily recognized and
can be counted with a high dry lens. The counts made
bi\' this method are uniformly lower than those made by
Pratt’s method.® This method, however, gives constant
Tesults if care is used in the technic. The normal count,
according to Wright and Kinnicut, varies from 250,000
to 400,000,

HEMORRHAGE—DUKE 1187

-of interest in showing relief of hemorrhage, both after the.rise
in the platelet count following transfusion, and after a spon-
taneous rise in the count which  occurred later in the disease.

History—S. M., a man aged 20, Armenian, tailor, was ad-
mitted to Massachusetts- General Hospital May 8, 1909, com-
plaining of epistaxis. The family history is negative for
hemorrhagic- disense. The patient has always been strong and
well, and has had no serious illnesses. He has never had pro-
longed -epistaxis, spontaneous ecchymoses, joint trouble, urti-
earia, nor abdominal crises. His digestion has always been

TABLE 1.—CASES OF HEMORRHAGIC DISEASE IN WHICH THE PLATELET COUNT, COAGULATION TIME AND BLEEDING-

TIME WERE DETERMINED
oy Fibrinozen . Other Diseases which may
Disease. 92 Symptoms, Plate Count. %’I:g' Content of Blf’i‘ig':‘g Give Similar Blood and
z"O . Blood. . Similar Symptoms.
Idg‘:lfm:giig purpura hem- 3 Phu rpu 'l; a, spontancous | Below 20,000.,.{ Normal...|.......ceevvmurn.n.. 60 min.4
181ca, emorrhages. ;i i -
Aplastic anemia. ... ....... 2 | Ecchymosos;.epistaxis.....| Low, ..........| Normal...| Nor. in experi- | Delayed. P?’%;?&“i::f:g&‘lygg};
. ::g;l‘;!;iaplastw ritis, byphoid fever. |
Chronio Ulcerative colitis.] 1 | Meleng..................... 20,000 t0 80.000 | Normal...|..vvveerriiivereonns 10-20 min.
Chloroform poisonlng...... Dogs. | Bleeding from gums and [ Normal or | Normal...| Bxcessively re- [ Hours....| Phosphorus poisoning,
3 operation wounds, stightly re- uced. hemorrhagic smallpox.
duced.
2 Hemorrhage after opera- | Adundant in [ S0min.. ..[.................... 1-2 min...,
tion, . fmenrs, 40 min. ...
Jaundice,, 1 | Purpura homorrhagica....| 850, 00."....... 8min. ....| Probably nor- | 3min, ...,
"""""""""" . mal in juundice,
8 No symptoms.............. ‘Abundant in | Nor, or|....................| 1-3 min
smears, deluyed.
Hemophilia. ..., ... ... 1 Bleeding- from wound; | 850,000.......... 9 min. .,,, Normalin hemo. | 2 min,
' hematoma in knee, - philia.
Purpura simplex.....,...... ‘2. | Purpuraie..i..ooeeiinn.... Abundant in | Normal...{.................... Normal...
smears.
’ 1 Purpura, intestinal crisis, | 275,000...... ..., Normal...|..........cooevvanin Normal...
Honoch’s purpura melena. )
"""" 1 Purpura;urticaria, angio- | 300,000..........| Normal..l....................| Normal...
’ neurotic edema, )
N e
I“‘fl)hut.m. i, 4 Epistaxis......,... Abundant “in | Normakl..|.................... Normal...
1 Ecchymoses . smears,
TABLE 2.-—DETAILED FINDINGS IN CASE 1
_——
Plates in Stained| Bleeding Time. Coagulation . . ) i
Date Platelet Counts. Blood Smenrs, (Minutes.) Fime. Urine. Stools. Epistaxis.
.| 6.000. . ... 1-2 por smear. 47 5 minutes........ Smoky Tarry. ...| Modorate,
None see None seen 90 5 minutes. .. Smoky .|-Tarry .| Mcderate.
8000, oo v e e 5 minutes........| Smoky .| Moderate,
....... 2 por ¢t 50 ~- 41%-5 minutes .,..| Smoky.. .t Extreme.
1-3 in each field. 3 Clear Tarry........., None.
.| 1in 3-1 flelds...... 3 e Yollow .1 None.
B PO . 30 Clear B S None.
.| 8 per smear., 40 Clcar Occult blood. | Slight.
1 pee smear U B minUEeS. ..y e e e |errer e iieeeneen Moderate.
3 per smear 50 Clear......... Fresh blood. | Moderate.
(Spontancous increase In the number of platelets).
........ aarnesersieefiieniiiiiiiiaiin i eriieriireisierseies|eeeveseasnnn ..., | Occult blood. [ None.
1-6 per field . 2 B o I PN Noue.
Jeseeer i 2 5 minutes. .| Clear. .| No blood...,.| None.
3-8 por fleld L O P P None.

Broop EXAMINATION

,284,00); Hbg., 50% ; W. C., 5,000
200,005 H b, 504, ’
700,000; Hbg., 40% ; W. C., 7,000
#00,000; Hbg., 46% .
S5 o0} BEE frg i W,

000 Hba., 55%; W. C., 6,000
1000,000; Hbg., 0% : W. C., 2,400
c REPORTS OF CASEs¥*
])lln;-SE- L. — Summary. — Acute purpura lhemorrhagica.: Pur-
delay, sI’Olltal'_leous hemorrhages; practical absence of platelets;
. ye bleedmg time; normal coagulation -time:- ’1‘)1is case is
8 Dratt, 37,

°y‘-‘g-‘tor i A Critical Study of the Various Methods Em-

numerating ‘Blood Platelets,” THY  JOURNAL A. M. A
905, p. 1909,

W

41 . 9, p.
Cabotl,, g{sh to cxpress my thanks to Dr, F. T. Murphy, Dr. Hugh
repore e .(_aJ:LSCon:(:ie\; mrn)d‘ gr. R. D;lhgcctmrﬁor kﬁ;%t'mls?lonto
n 5, and to Dr. J, H. Wright-for . . 1assistan.
Maklng the platelet counts, H.-Wrig : tsaintaney

good. Tor three weeks before admission to the hospital . he
had been feeling run down, and.had. had slight .sere throat.
Yor five.days he had .been troubled with persistent epistaxis.
He noticed that his urine was high-colored,  his stools black,
and that he was covered with purpuric rash. There was noth-
ing further of importance in the history.

Epamination—The patient was a well-developed and well-
nourished - young man, pale and weakened by loss of blood.
A small amount of blood was then oozing from the border of
his gums, and nasal -mucous membranes. Scattered over his
entire body, including the soles of his feet, mucous membranes,
tongue, and sclerm;, were fine muscular purpuric blotehes, 1 to
5 mm: in diameter; In places; especially on the lower extremi-
ties, they were confluent; and covered areas 2 to 3 cm. in
diameter, Retine were:free from hemorrhage: Tiere were a
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few mucous roles at the lung apices, and a soft systolic blow
at the base of the heart. The spleen edge was palpable just
below the costal margin., There were no telangiectases on
his skin or mucous membranes. Blood-smears showed almost
a total absence of Dlood-plates, 6,000 by count. On the fol-
lowing day the counts were even lower. The bleeding time
was forty minutes. The coagulation time was normal.

The course of disease can be followed by the chart (Fig. 5).
During the first four days in the hospital there was an almost
constant oozing of blood from the nose, which could be con-
trolled for only short periods of time by packing. The stools
and urine each day contained considerable blood.

T'ransfusion.—On May 11, the patient lost over a pint of
blood from the nose, and his condition became so critical that
he was transfused at ¢ a. m. by Dr. F. T. Murphy. An

Armenian friend of about the same age was donor. That a
. . A
£
| " U (:
® ® % ¢ o ® ®
2
» - ®
. > ‘
2
. Pooe:
F

Fig. 3.—Great delay In blecding time. Irom Case 1. Platelet
count 3,000, coagulation time normal. ‘The blots In  Sertes A
were taken immedlately after the ear was pricked; Serles B, 20
minutes; C, 40 minutes; D, 60 minutes, and E, 80 minutes later.
The bleeding time at this time was 90 minutes. Serles I, showing
a normal blceding time, was taken after the transfusion. Platelet
count was then 110.000.

large amount of blood was given by transfusion was evident
from the improvement in the patient’s general condition,
color, and- pulse, and from the rise in the pulse-rate of the
donor, .

Course of Discase—The platelet count, taken six hours after
transfusion, was 123,000. The bleeding time had dropped to
three minutes. The coagulation time was practically un-
changed. Epistaxis had stopped before this time, and the
packing had been removed from the nose. The urine was
then free from blood. The stools on the following morning

BLOOD PLATES AND HEMORRHAGE—DURE

“arations of the blood proved satisfactory.

Jour. A. M. A,
OcT. 1, 1910

were light yellow, but contained a small amount of oceult
blood. No tresh purpuric spots appeared and the ones present
began to fude, disappearing completely in five days. Thirty-
six hours after tramsfusion it could be seen from stained
smears that the platelets were decreasing rapidly in number,
and on the third day one could be found only after prolonged
search. At this time the bleeding time was again delayed.
The day following this the patient’s nose began to bleed and
fresh blood appeared in the stools. Since the onset of the dis-
ease the patient had had an irregular temperature, varying
from 69 to 103 F. This came to normal, except for slight re-
missions, on May 20. Apparently the disease had run its
course, for at this time plates reappeared in the blood
(80,000), and hemorrhage from ear-pricks would last for only
three minutes. There was no further epistaxis or melena.
Convaleseence was uneventful, and since then the patient has
continued his voeation without symptoms,

Difrerential Counts—>Made on May 8, 9, 12, 15, 23.
phonuclenr neutrophils made up from 80 to 86 per cent. of the
cells.  The remainder were lymphocytes with an occasional mast-
cell and eostnophil. Only one blast was seen.

Red Cells—Moderate variation In slze, Shape normal,
erate amount of achroma and polychromatophilia,
stippled cell.

Coagulation Time.—The comparative method was used. The
temperature was kept constant at 40 ¢, My blood, which had a
congulation time of flve to slx minutes, was used as n control.
Usually several determinations were made and the average taken.

Platelet Counts.—Pratt’s method was used in mnking the plate-
let counts on May 8, 0 and 10. The other determinations were
made by Wright's method. The varlations in the platelet count
were 8o marked that estimations from stalned cover-glass prep-
Smears were looked
over carefully with oil Immersion lens on the days mentioned, and
the number seen per smear or field averaged.

Retraction of Clot.—The clot was non-retractile after standing
forty-elght hours on May 11 and 106. It retracted normally on
May 12 and May 23.

Bleeding T'ime~Determined by the method deserlbed. As a
rule several determinations were made and the times averaged.

Urine—Normal except that it contained a sediment of red
cells and a slight tracc of albumin on May 8 to 11. It contained
no sugar, bile, peptone, albuminose, or nucleoproteld.

Stocle.—May 8 to 12, rather copious, soft and black ; from May
138 to 14, soft and light yellow (milk dlet), Gualac test was faintly
positive on May 13 and 14; strong on May 15. On May 17, the
stools were brown and soft and mixed with about 50 c.c. of fresh
blood and a little mucus. On May 18, the siools gave the guasiac
test. May 18 to 23, the gualac test was negative. No parasites or
ova were found.

The patient was seen eleven months after his illness and
was then apparently strong and healthy. white count 4,700.
Polymorphonuclears, 68 per cent.; lymphocytes, 34 per cent.;
hemoglobin, 85 per cent. Plates 240,000, Bleeding time one
minute,

Case 2. —8ummary.—Chronic ulecrative colitis; melena;
reduced platelet count; delayed bleeding time; mormal coagu-
lation time. The bleeding time was normal after the rise in
the platelet count following transfusion. The melenn was
slightly inereased by transfusion. The case is of interest in
showing a difference between the curative influence of trans-
fusion in normal and in pathologie hemorrhage. Although the
general tendency to hemorrhage (shown by the shortened bleed-
ing time) was markedly diminished by transfusion, hemorrhage
from the intestinal ulcers was increased. The case shows the
difficulty of judging the tendeney to abnormal hemorrhage by
hemorrhagic symptoms alone.

History.—A. C,, American, a boy aged 8, was admitted to
Massachusetts General Hospital Nov. 15, 1909, complaining
of weakness and diarrhea. The family history is negative
for hemorrhagic discase. The patient’s early life was normal.
He had had no serious acute illnesses. After the age of 2 he
suffered almost continually from diarrhea. He developed
slowly, was always thin, and never strong enough to go to
school. After the age of 4, there were four periods of a
month or less in which the stools contained considerable blood,
and the patient became pale and weak. He bled excessively
from a trivial cut once. He never had ecchymosis on slight
injury, joint disturbance, nor other evidence of hemorrhagic
discase. For a month before admission to the hospital, the
diarrhea was more severe, the stools contained blood, and the
boy was becoming pale and weak.

Polymor-

Mod-
An occasional
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Lzamination~—The patient was poorly developed, thin and
Pale, skin clear. Lxcept for evidence of anemia, there was
nothing of interest on physical examination. There were
ho telangiectuses on the skin or mucous membranes, and no
Jaundice. Blood-smears showed a scarcity of the plates. Counts
Vvaried from 20,000 to 30,000. The bleeding time was twenty

.Minutes, The coagulation time was normal.

During the first two and one-half weeks in the hospital a
Drominent symptom was diarrhen. I'he patient had from eight
to thirty stools day, which consisted mostly of thin pus,
nml‘ often contained n small amount of blood and mucus. The
]’il,tlent‘s temperature varied from 98 to 103 F.

l"fansfusion.—On November 3 the patient was transfused
by Dr, Hugh Cabot, preparatory to cecostomy. The child’s
father was donor. Tollowing transfusion there was improve-
ment in general condition and color. The temperature came
to normal, and the pulse-rate dropped from 150 to 110.

Coutrse of Diseuse.—The platelet count, taken two hours
’lf_l(n' transfusion, was 90,000, and the bleeding time was two
Minutes, 7The congulation time was unchanged. The amount
‘_)f blood in the stools, however, was inereased. In interpret-
g this result it must be horne in mind that the patient had
31 extensive chronic uleerative colitis (proved by autopsy),
“‘ condition which may cause melena when the blood is normal.
The increase following transfusion was thought to be due to
overfilling of the blood-vessels, Cecostomy was performed on

’ the following day without ex-
cessive hemorrhage. As in the
previous case, the platelets in-
troduced by transfusion disap-
pearved rapidly, and in a few
duys the count reached its for-
mer low level. The bleeding time

agnin  became delayed.  The
melena continued. The boy

O
? O

gradunlly became anemic, febrile,

and died about a month later

of septicemia.
Autopsy.—Chronic  uleerative
colitis- and enteritis. Extensive
dct'i‘]{s:;“ﬁ’-n—lnstrument for inflammatory thickening of the
tlon (jpe & (e coagula- intestinalwalls, Chronicpleuritis,
Nodes, Hyperplasia of mesenterie lymph-

Streptococcus obtained from heart blood.

DETAILED FINDINGS IN CASE 2

Platelet Bleeding Coagulation
count. time (min.). tisne,
32,000 20 Normal
23,000 20 iiee..
22,000 20 Normal
20,000 20 5 min.
89,000 H] 5 min.
72,000 2 ...
25,000 -3 Normal
55,000 6 SO
A 10 R

BLooD EXAMINATION

<00 .3,600,000 Iibgz., 42% White Counts, 3,700

lo73) R C. .1,600.000¢ Hbg., 20%  White Counts, 3,100
11/ » [§ C. .1,224,000  Ubg., 15% White Counts, 4,700
117 3 Co.l. .1,200,000 Hbg., .... ‘White Counts, ....
11/ 3’ Worning. ., . ., 3,280,000 - Hbgz, 70% : White Counts, 8,800
usy atternoon . .3,416,000 Hbg., ... " White Counts, 2,200
1179 "t treretiaaaanaaaenn Hbg., 859

11718 7 e eeieeinen., ... Hbg., 90%

tresede ..., 8,600,000 HbLE., T0% ‘
Difrere
fl'o;;”;""”al Counts.—Polymorphonuclear  ncutropbils varied

I'he remainder. were lymphoeytes
No blasts scen.
Moderate

O per cent ™
wit) nt. to 60 ver cent.
Rle;n occasional mast-cell and eosinophil.
clls.—Moderate varlation in size. Shape normal.

mg
O(l)l;}t“;‘ft Achroma and polychromatophilia. No stippling:
Dlatelety . fon and Bleeding Time.—Determined as in Case 1. The
Retracti“ ere counted by Wright’s method.
fon o tho" of Clot.—On October 26 there was a very slight retrae-
mod@l‘nte ¢ clot after twenty-four hours; on November 3 and 4 &

&anllnt of retraction ; on November 9 no retraction,

Stoop *5\01-mal.

Smaj| ?I'.‘I"lght to thirty a day, throughout the patient's illness.

consldm.umamount and: of pea-soup. consistency. Stools contained
¢ bus, a small amount of food resldue: and -mucus. Dur-

rine,
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Ing the first few days, after admission, thef contnined conslderable
fresh blood.  IFor ten days before transfusion they contained very
little blood. After transfusion the stools were port-wine In color
and contained considerable blood. Melenn continued . until death.
Stools contained no parasites or ova. Cultures taken frequentiy
showed only the colon baclllus.

Cask 3. —Summary.—Chronic purpura hemorrhagica®: lic-
chymoses; purpura; hemorrhages from mucous mentbranes;
low platelet count; delayed bleeding time; relief of hemor-
rhage for three days followed transfusion; relief of hemor-
rhage after a spontancous rise in the platelet count.

History.—Georgiana ——, American, a girl aged 3, was ad-
mitted to New York Hospital Oct.-3, 1909, complaining of
epistaxis. The patient’s parents, and three brothers and sis-
ters are living and well. There is no history of hemophilia
in the family. The patient has had no acute illnesses, She
has had prolapse of the rcctum several times. Since the age
of 19 months, she has been subject to nose bleed, and ecchy-
mosis following slight injury. IFour monihs before admission
to the hospital, symptoms were more severe, and at one time
she became pale and weak from epistaxis and bleeding from
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Fig. H.—Chart of Case 1.

a small cut on the head. She improved somewhat after this,
and for the following two months there was little bleeding:
Two days before she came to the hospital, epistaxis began
again and continued until admission to the hospital.

Izamination—The patient was a moderately developed and
nourished little girl. She was pale and rather weak from
loss of Dblood. -On the right shoulder, cheek, and lower ex-
tremities were several small ecchymeoses. There were no telan.
gieetases. The physical examination was otherwise unimpor:
tant. Epistaxis continued almost without ceasing for five
days, and the child became almost pulseless.

T'ransfusion.—She was transfused .on October 7 by Dr. R.
D. McClure. The patient’s father was donor.

Course of Disease.—Transfusion improved the patient’s
puise—volume and color, but owing to bronchopneumonia,
which developed at about the same time, her condition re-
mained serious for a few days.” The temperature, which had
ranged from: 98 to 102 F., began: to decrease and- reached

5. This .case lhas been veported. In "another couunection by Pool
and McClure, Annals of Surgery, September, 1910.
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normal about a week later. The pulse-rate immediately
dropped from 160 to 120 and a few days later to 90, where
it remained. There was no bleeding for three days after trans-
fusion. On the fourth day there was slight epistaxis, and
hemorrhage from the vagina and transfusion wounds. Later,
she had slight epistaxis and melena. as marked on the chart,
and a fine petechial rash which followed straining at stool.

Blood BExaminations.—August 8—red cells 2,300,000, hemoglobin
34 per cent.  Other estimations showed about the same ratio be-
tween the red couni and hemoglobin,  ‘The white count varled from
16,000 to 21,000, Blood smears on some occaslons showed an exceess
of lymphoeytes (71 per cent.), but usually polymorphs predom-
inated.  The red cells showed polychromatophilia and moderate
variation in slze. There were no blasts. The congulation time was
about normal (Boggy instrument). The urine was not remarkable.

leaving the hospital the patient had
During the sixth week, however, she
had prolapse of the reectum with bloody stoals. One weck later,
she noticed that ecchymoses followed slight injuries. When
scen at this time, (Nov 24, 1909), her color and general health
were  fairly good. On her head, elbow and legs, were

For five weeks after
no further bleeding.

Joun. A. M.

HEMORRHAGE—DUKE oA Mods

fusion were 3,000 and 20,000; the bleeding times were,
respectively, ninety and twenty minutes. After trans-
fusion the counts were 110,000 and 89,000, and the
bleeding time in each case was three minutes. After the
disappearance of these platelets, apparently introduced
into the patients’ circulation by transfusion, the bleed-
ing times were again delayed (forty minutes and twenty
minutes). In Cases 1 and 3 the bleeding times ({forty
minutes and one hour) came to normal after spontaneous
rises in the platelet counts.

As to spontaneous hemorrhages, there was complete
relief in Cases 1 and 3 for three days after transfusion
and after spontaneous rises in the platelet counts.
In Case 2 intestinal hemorrhage was slightly increased
by transfusion, in spite of the fact that the general
tendency to bleed (shown by the shortening of the
bleeding time) was less marked. This apparently con-

tradictory result may be accounted for

by the fact that intestinal hemorrhage

:alnod¥ Steols

Oct: /506 411019 2031 313d 23425° 2637 3839 303 1 2. 3 Y b ) 8 9 /ot 1pt3 19 fe

in this case was not entirely patho-

Srem,

TONS TV

\ Red Sound

[} 16270

logic hemorrhage, but was due largely
to bleeding from intestinal uleers. The .
increase after transfusion may have
followed the more complete filling of
the blood-vessels.

In each of the cases the coagula-
tion time of the blood bore no rela-
tion either to the platelet count or to

hemorrhagic symptoms. The coagu-
Jation time was practically the same

3‘0-» q

z:m7-\ before and after transfusion, and be-
o ; fore and after the spontancous rises

vo - & : in the platelet count.
§o ‘:. % Other cases of hemorrhagic disease
‘;:’ .5‘ & - with a reduced number of platelets
Lo, 9 Bloeding Time (twenty) have been rveported by
it ;,3 Denys, Hayvem, IShrlich, Helber, Ben-
saude and Rivet, Coe, Pratt and Sell-

byeess , . Fy

: Coagislation Trmnte ~°} ing. In one case lepOIted by Ben-
huss 19| sande and Rivet® there was a low
:p} < | count (6,000) during a hemorrhage
”““3’ £31  crisis. During a remission in the dis-
. S4| ease the count was 161,000. Coe” has
) attached more importance to the rela-
Plate fourt S| tionship between the reduced number

of platelets and hemorrhage than

Fig. 8.—Chart of Case 2.

several small ecchymoses. Blood plates, as determined from
stained smears and counting chamber, were extremely scarce.
The bleeding time was about sixty minutes. The coagulation
time was normal. The clot was firm and non-retractile. The
white count was 7,000; polynuclears, 45 per cent.; lympho-
cytes, 55 per cent.; hemoglobin, 90 per cent. The patient wag
seen again four months later (April 7, 1010). She had been
free from hemorrhagic symptoms for some time. Plates were
then abundant in stained smears, and hemorrhage from ear
pricks would last for from five to ten minutes. The hemo-
globin was 85 per cent.

Platelet counts were not made in this case at the time of
transfusion, It seems probable, however, that, as in the pre-
vious cuses, the relief of hemorrhage, after transfusion, was
associated with an increase in the platelet count.

COMMENT

A review of the cases shows a striking.dependence of
hemorrhagic diathesis on the reduced number of plate-
lets. In Cases 1 and 2 the platelet counts before trans-

other observers. In one of his cases,
the most severe epistaxis occurred
when the platelets, estimated from stained smears, were
almost absent. Previously they had been present, but in
diminished number. In another case of purpura hem-
orrhagica, platelets, frequently estimated from smears,
were almost absent during two hemorrhagic periods, and
were present during remissions.
The reported cases differ in etiology. Many belong to
the group known as idiopathic purpura hemorrhagica.
Some of the cases were evidently symptomatic. One of
Pratt’s cases® accompanied nephritis. The platelet count
was 9,000, Benzol poisoning was the etiologic agent
in Selling’s cases. The clinical condition was aplastic
.ancmia. In one of his cases the platelet count was 2,500.
In Case 2 reported in this paper, the hemorrhagic diathe-
sis may have been secondary to ulcerative colitis. Plate-

6. Arch, gén de méd., 1905, I, 193,
Coe, J. W.: The Treatment of Purpuric Conditions and Hemo-
pmlia THBE JOUnNAL A, M. A, Oct. 6, 1906 p. 1090.
8. Osler's Modern Medicine 1908, iv. .
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let counts may also be low in lymphocytic leukemia,
bernicious anemia; and early typhoid fever, and in each
;].lsease purpura hemorrhagica is a recognized complica-
lon,

_'.l.‘he data leads one to believe that a reduced number
of platelets is not simply a phenomenon accompanying
Some types of hemorrhagic disease, but rather that it
may be the direct cause of hemorrhagic diathesis in sev-
eral diseases.

EXPERIMENTAL WORK

'Experimentul work scemed desirable to determine
Whether the hemorrhagic diathesis was due directly to
the lack of platelets, or whether it was due to an abnor-
mal coagulability of the blood which might accompany a
reduced number of platelets. It seemed desirable also to
oW to what extent the platelet count must be reduced
0 cause hemorrhage.

In benzol poisoning we have a condition simulating
ldiopathic purpura hemorrhagica. Santessin® has re-
Dorted cases and cxperiments in which hemorrhages
Were produced by benzol. Selling’s cases'® of a similar
Rature clinically, had very low platelet counts. He has
foundi that subeutaneous injections of benzol in animals
Yeduces the platelet count. This reduction is thought to
e due largely to the aplastic condition of the bone-mar-
Tow caused by the poison.

Y experiments. were performed mainly on- dogs,
and, according to a method suggested by Dr. Selling.
enzol was given daily for six to twelve days. The
Platelet count would usually rise at first, but later would
_ﬂ!] and continue low for a number of days after the
IMjections of benzol had been stopped. In several in-
stances the count was reduced to. 30,000.
count wag usually high even in the late stages of the
Pbolsoning,

The results2 support a conclusion which might be
'awn from this series of cases, namely, that when
other conditions are normal, moderately low ., platelet
founts are not associated with hemorrbagic diathesis.
he platelet counts, after transfusion, in Cases.1 and

Wele only one-third of the normal; and yet there was
0 evidence of pathologic hemorrhage. The bleeding
'Mme was only moderately delayed (ten to twenty min-
utes) in (ase 2, when the platelet counts varied from
20,000 to 30,000. The tendency to bleed in Cases 1 and
Was extreme only during the practical absence of plate-
ets.” In the experimental work the platelet counts in
985 and rabbits were reduced from the normal. (200,000
to 600,000) to from 50,000 to 75,000 without the ap-
{’:ﬁif&nce of hemorrhagic diathesis. Only a more ex-
in‘q‘“}? reduction (to 80,000) caused a delay in the b}eed-
s ltlme, and hemorrhages into the organs. There is an
V;’.Ogy between this observation and the observations of
. Wple und Hurwitz on chloroform poisoning:** They
12(‘1111(1 that, when other conditions are normal, a moderate
]enll(‘t‘lon In the quantity of fibrinogen does not cause
\vasml }'llaglc diathesis. lu their experiments hemorrhage
Scey Prolonged only when the reduction was extreme. It
a t‘{s '].lk‘;‘ly, then, that both plutelets and fibrinogen play
Striking rgle in the control of hemorrhage. Kither one

9. Sant . An
Phygigy "fessin: Arc. f.

10. Selling ;

ilyg., 1897, xxi, 3306; Skand.. Arch. f.

0

. 1.
Bull. Johns tfopkins Hosp., 1910, xxi, 32. :

of 11.;' Unpubiished experiments which - will appear in the' Journal .
N

Xperimental Medicine.

complete: report of results will be- made later. -
Dpublished expertments which will appear in the Journal of
Wental Medieine. . . .

2 A
L130 g
Exper
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may be moderately reduced without symptoms, but after
an extreme reduction there is.a tendency to bleed.

The experiments failed to show abnormalities in the
coagulability of the blood accompanying low platelet
counts, which account for prolonged hemorrhage. The
coagulation time was normal, or slightly shortened when
the platelet count was as low as 30,000. The quantity. of
fibrinogen was normal or slightly increased (0.55 per
cent. to 0.656 per ecent.); furthermore, the fibrinogen
present was all convertible into fibrin, and the fibrin
examined in a number of ways had a normal microscopie
appearance.

The serum in one instance was examined: by Pro-
fessor Howell, and found to contain thrombin. The
only abnormality in the clot noted was diminished
retractibility, a pceuliarity shown by Hayem and others
to be associated with and probably due directly to a lack
of platelets. Normal plasma deprived of platelets in
various experimental ways clots quickly, but does not
retract from the sides of the wvessel containing it, and
extrude serum.

The hemorrhagic -diathesis is explained, possibly,
through investigations on experimental thrombi. In a
bieeding vessel, there are conditions suitable for the
formation of a thrombus, that is, injured intima and a
flowing stream of blood. Platelets, although they have
litile, 1f any, influence on the clotting of still blood, play
a striking role in the formation of thrombi. The inves-
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I'ig. 7.—Chart of Case 3,

tizations of Hayem, Eberth and Schimmelbusch, Welch,
Piatt, and others, have shown that after trauma to a
hlood-vessel platelets are the first element to adhere to
the injured intima, and that within a few minutes they
are mussed in great numbers at the injured point,
Later, leukocytes, fibrin, and red cells are included in the
process, and a plug is formed consisting of masses of
each of these elements. The investigations of J. II.
Wright'* show more clearly the réle which the thrombus
plays in stopping hemorrhage. His experiments were
made by puncturing vessels with a needle. The result-
ing thrombi were likewise made up largely of platélets,
and were-evidently: a factor in plugging the opening.
An absence of platelets would lead to abnormality
in the formation of thrombi, and might be a cause of
prolonged hemorrhage. Pratt has laid more emphasis
than other observers on the réle which red cells play in
thiombus formation. . The failure of erythrocytes: in
carrying out this function explains, possibly, the delayed
hleeding time noted in severe anemia.

14. Personal communication.
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CONCLUSIONS

The question now arises whether the facts admit the
conclusion that an extreme reduction in the number of
- platelets is a cause of hemorrhagic diathesis, or whether
the low platelet count must be considered a phenomenon
which is sometimes found in hemorrhagic discase. The
facts are as follows:

1. In the cases of hemorrhagic disease summarized,
evidently differing in nature and etiology (acuie and
chronic idiopathic purpura hemorrhagica, chronic ulcer-
ative colitis, aplastic anemia, nephritis), the constant
features associated with the tendency to bleed were the
reduced number of platelets, and the modification of the
clot probably dependent on it, namely, diminished
retractility..

2. In the cases reported in this paper, relief of the
tendency to bleed followed not only the rises in the
platelet count occurring at a remission in the discase, but
followed also the rise brought about by transfusion. In
the latter case, the tendency to bleed returned when the
platelets disappeared.

3. IExperiments in which the platelet count was
reduced by benzol failed to show an abnormality in the
coagulability of the blood, which accounts for the hemor-
rhages of henzol poisoning.

4. The structure and the mode of formation of experi,
mental thrombi suggests, from an anatomic standpoint,
that platelets play a rdle in stopping hemorrhage.

It may be permissible to mention two more points of
interest suggested by the cases.

None of the patients showed so marked a tendency to
bleed after transfusion as before, even after the platelet
counts” had dropped to their previous low level. TIn
Cases 1 and 2, the bleeding times were ninety minutes
and twenty minutes before transfusion. On the fifth
day after transfusion, when the count was again low,
the bleeding times were only half as long, fifty minutes
and ten minutes. The spontancous hemorrhages in
Cases 1 and 3 were never so severe after as before trans-
fusion. Since anemia is associated with a delayed bleed-
ing time, this relief might be accounted for by the rise
in the red count. In interpreting the beneficial results
following transfusion, this point should always be con-
sidered.

In each of the cases, the platelets introduced by trans-
fusion disappeared rapidly.. It is granted that these
platelets may have been destroyed prematurely by the
disease from which the patient suifered, or by processes
analogous to hemolysis, etc. The uniform rapidity in
the rate of disappearance, however, suggests that plate-
lets are short-lived bodies. This interpretation is sup-
ported by the results obtained from the study of trans-
fusion in benzol poisoning. In this: case also, platelets
introduced by transfusion disappear rapidly. Tt is also
sapported by results, to be reported later, which show
that the normal rate of formation of platelets is prob-
ably extremely rapid, and may amount to as much as
one-fourth of the entire number in the body per day.
The evidence suggests strongly that platelets disinte-
grate or are utilized by the body in enormous numbers,
and that the count is kept constant under a given set of
conditions by a correspondingly rapid rate of formation.

The type of hemorrhagic disease described in this
paper can be sharply differentiated from other types of
disease, such as hemophilia, melena neonatorum, pur-
pura simplex, Henocli's purpura, etc., which are due to
other abnormalities. To this type of disease belong the

BLOOD PLATES AND HEMORRHAGE—DUKE
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so-called "idiopathic purpura hemorrhagicas, and some
cases of symptomatic purpura. The latter will probably
be found most frequently in aplastic anemia, pernicious
anemia, lymphoeytic leukemia, typhoid fever and in-
testinal discases. The symptoms may be mild, or may
be so severe and acute that the patient bleeds to death in
a few days. In mild cases, purpura may not appear.
The only demonstration of the disease may be (as in Case
?2) excessive hemorrhage from a local lesion.

The diagnosis is easy. If the platelet count is reduced
to a sufficient degree to cause hemorrhage, the fact may
be determined by examining carefully made cover-glass
preparations. The absence of retractility of the clot is
considered by Hayem and his pupils characteristic of
the condition, and is of diagnostic import. A point
which I have found of value in following the cases and
also in the diagnosis is the marked delay in the bleeding
time.

Transfusion gives good results in the treatment of the
disease. In addition to replacing hlood, it stops hemor-
rhage for a few days, and may tide the patient over a
gerious crisis.  The treatment is probably applicable to
the symptomatic as well as to the idiopathic types of
disease, and may be useful in the treatment of some
cases of typhoid hemorrhage.

In concluding, I wish to acknowledge my indebtedness to
Dr. E. H. Whipple, of the department of pathology, to Pro-
fessor W. H. Howell of the department of physiology, and to
Dr. L. Selling for their kind assistance in the experimental
work.

2328 Forest Avenue,

ABSTRACT OF DISCUSSION

Dr. J. H. PraTT, Boston: There seems to be some relation
between the blood platelets in the blood and purpura hem-
orrhagica. Normally, the number of blood platelets is about
450,000 to the cubie millimeter. In simple purpura I found
the platelet count was greatly reduced; in one fatal ease
it fell as low as 7,000, This patient had continuous hem-
orrhages from the lips and mouth. The platelet count was
made 3 times on different days, and the largest number of
platelets found was 16,000. In a case of mild purpura hem-
orrhagica there were 105,000 platelets per cm. The only other
condition in which I have found very low platelet counts is
Iymphatic leukemia. The relation between purpura and
the cougulation time is less clear. Wright asserted that pur-
pura was due to delay in the coagulation time and that the
treatment of the disease consisted in redueing the coagulation
time to the normal by the administration of caleium chlorid
or caleium lactate, T found the records of the Johns lTop-
kins Hospital and the Massachusetts General Hospital those
of 34 cases of purpura in which the coagulation time of the
blood had been determined. The average coagulation time
of the blood in this series of eases was 5% minutes, which
is within the normal limits. In only a few cases did I find
a delay in the coagulation. T have seen a patient with pur-
pura bleeding to deatlh from the mucous membrane when the
congulation time was normal. Over the lobe of the ear at the
site of the puncture a thick, moist clot formed, but blood
continued to ooze from the wound for a long time. I believe
that Dr. Duke’s method of determining the “bleeding time”
will be found to have great clinical value. In the case I
have just cited in which the congulation time was normal
the bleeding time was doubtless greatly inereased.

Dr. W. W. Duxe, Kansas City, Mo.: Transfusion must be -
done by the direct method. Defibrinated blood is free from
platelets and therefore in itself would not increase the count
There is a special indication for transfusion preparatory to
operation in this condition. In addition to the usual results
which follow transfusion, the tendency to bleed is diminished:

3
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