
Platelet Function in Classic (AHF-Deficiency) Hemophilia:

Report of a Case with Defective Platelet Function

By KEBEN E. C�&ii, MARILYN M. MULL AND WILLIAM E. HATHAWAY

C LASSIC HEMOPHILIA ( Hemophilia A) is a hereditary hemorrhagic

disorder characterized by low to absent levels of anti-hemophiliac glob-

ulin ( AHF, Factor VIII ) . The bleeding time and other measurements of

platelet function are usually described as normal. We have recently studied

a patient with severe AHF-deficient hemophilia who has repeatedly devel-

oped a prolonged bleeding time and other signs of platelet dysfunction associ-

ated with a severe AHF inhibitor. Because of our interest in this patient,

platelet function studies were performed on six other patients with classic

hemophilia. In this paper the results of these studies are presented and the

possible mechanisms involved in the defective platelet function seen in the

original patient are discussed.

MATERALS AND METHODS

Six patients with severe classical hemophilia (AHF levels of 0 per cent) were studied.

Of the six patients two had acute hemarthroses at the time of evaluation. M.C. is the older
brother of our patient P.C.

Bleeding times were done by the Ivy method (normal 2-7 mm.) unless otherwise stated.

The petechiometer test measures the number of petechiae present after application of a

negative pressure of 20 cm. Hg. in a circular area 1.3 cm. in diameter.

Clot retraction was estimated by observation of one ml. of native whole blood which
was allowed to clot in a new glass tube for 2 hours at 37 C.

Venous blood for coagulation and platelet function studies was obtained in plastic or

siliconized glass syringes containing 0.1 ml. of anticoagulant (2 parts 0.1 M citric acid and
3 parts 0.1 M sodium citrate) per 1 ml. of whole blood. The volume of anticoagulant

was adjusted for a low hematocrit when necessary. A disposable 20 gauge needle and a

two-syringe technic were used.

Coagulation Tests and Assays

The partial thromboplastin time (PTT) with kaolin was performed according to the

method of Proctor and Rapaport.’

Other assays were done as follows:
Factor I (Fibrinogen), method of Ratnoff and Menzie;2
Factor II (Prothrombin), method of Owren and Aas;3

Factor V (Proaccelerin), method of Borchgrevink et al.;4

Factor VIII (AHF), method of Pool;5

Factor IX (PTC), method of Henderson and Rapaport;6
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Factor X (Stuart-Prower), method of Bachmann et al.;7
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Factor XI (PTA), method of horowitz et al.,8 but substituting beef plasma for
human plasma.

Assay for AHF (Factor VIII) Inhibitor

PTT inhibitor titers were determined by mixing the patient’s plasma with normal
plasma in increasing dilutions, incubating the mixtures in a water bath at 37 C. for one

hour, and then performing a PTT on each dilution. The highest dilution that prolonged

the PTT more than a 1 :2 veronal buffer dilution of control plasma was chosen as the end

point. The specificity of the inhibitor against AHF was confirmed by the thromboplastin
generation time ( Pool ) AHF assay on the incubation mixture of half normal and half
patient’s plasma.

Platelet Adhesiveness (PA)

Native whole blood platelet adhesiveness was determined by a modification of Sal�nan’s

method.9 Seven ml. of venous blood were drawn into a plastic syringe. Two ml.

were placed into a tube containing EDTA anticoagulant. The remaining five ml. were

passed through a column containing 1 Cm. of glass beads (Superbrite Class Beads, Type
070) in exactly 45 seconds and collected in another EDTA tube. The passage time was

controlled precisely by use of a portable syringe pump. Platelet counts were performed
on the before and after samples using the direct phase microscopy technic described by

Brecher and Cronkite,1#{176} and the percentage of adhesive platelets was calculated. The normal

range for this test in our laboratory is 25-70 per cent (determined on 34 adult subjects).

In addition, 50 pediatric patients have been studied; 12 of these were obviously low
(0-19 per cent ) . These patients had either uremia or a prolonged bleeding time or both.
The patient experience indicates the PA was not affected by hematocrits as low as 30

per cent.
Citrated whole blood platelet adhesiveness was determined by a modification of Hellem’s

method.1’ In these studies one ml. of diluent or test substance was mixed with four ml.

of citrated whole blood. One ml. of the mixture was put in a plastic tube and the re-
maining four ml. were passed through 5 Cm. of glass beads into a second plastic tube.

The passage rate of 1 ml./min. was controlled by a Harvard pump. Platelet counts

were performed on the before and after samples. The pH of the mixture was 7.2.

Fibrin Split Products (FSP)

FSP were measured by a qualitative capillary tube precipitation technique and an

immunoelectrophoretic diffusion method.’2 Both methods were done with rabbit anti-human

fibrinogen antiserum and the patient’s thrombinized serum collected in a proteinase in-

activator (Trasylol).

Platelet Aggregation

Platelet aggregation by adenosine diphosphate (ADP), collagen, and thrombin was
studied. Platelet rich plasma (PRP) was prepared by centrifugation at 4 C. from citrated
whole blood. The platelet rich plasma was mixed first with platelet poor plasma; then

added to a constant volume of veronal buffer, pH 7.34, so that the final platelet count

was 100,000/cu. mm. Prior experiments have shown that dilution with buffer (done to

conserve PRP) does not change the aggregation response. One-half milliliter of the mixture
was placed in a turbimetric titrator (modified according to Mustard et. al.) 13 and 7.5 �ugm.

ADP (California Biologicals), 0.2 ml. of a Tyrode’s solution suspension of rat tendon
collagen (Sigma), or 0.05 unit of bovine thrombin (Parke-Davis) was added. With ag-
gregation the optical density of the solution decreased. The rate of change in optical
density was recorded.

Serum Precipitin$

A five well ouchterlony plate (Hyland Laboratory) was used. The patient’s serum was
placed in the center well and the patient’s serum, normal serum, normal plasma, AHF-
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28 CALL, MULL, HATHAWAY

rich-fibrinogen, and glycine-AHF were put in the surrounding wells. Plates were observed

for precipitin lines after incubation at 37 C. for 24 hours. In subsequent studies agar gel

immunoelectrophoresis was done using the patient’s serum against normal plasma, normal

serum, and normal washed platelet extract.

Platelet Antibodies

Platelet antibodies were studied by the direct and indirect anti-human globulin consump-

tion test according to the method of Van de Wiel et al.’4

Platelet Factor 3 Assay

Horowitz’s Stypven time method 15 was used to determine platelet factor 3. A decrease in

the Stypven time of at least 10 seconds was considered a normal test.

CASE REPORT

P. C., a 17 year old Caucasian male, has been followed at the Colorado General

Hospital since 1959. The diagnosis of AHF-deficient hemophilia was confirmed by thrombo-
plastin generation tests, correction studies with known AHF-deficient plasma, and AHF

assays which demonstrated no Factor VIII activity. Bleeding times recorded at ages 6

and 10 years were 4 and 5 minutes, respectively. A brother, 4 years older, showed
similar findings compatible with the diagnosis of classical hemophilia. (See Table 4). The
remainder of the family history was negative. Both the patient and his brother have had
repeated Factor VIII assays done before and after transfusions for bleeding episodes.

The levels of Factor VIII achieved after transfusions was related only to the amount
of transfused AHF; the response seen in patients with von Willebrand’s disease was not

observed.

The patient had been transfused frequently for hemarthroses and on two occasions
for a bleeding peptic ulcer. In August, 1967, he was transfused for a hemarthrosis and
given epsilon amino caproic acid (EACA) orally (5 Cm. every 6 hours). The EACA was

given in an effort to control recurrent epistaxis. Two weeks later ( April 27 ) he was

readmitted with hemarthroses of the left elbow and right ankle. These failed to respond

to ten 250 ml. units of fresh frozen plasma, seven 2 Gm. units of AHF-rich-fibrmnogen

(Merck), and 500 ml. of whole blood given over a three day period. A “mild” AHF in-
hibitor was again demonstrated. In addition he developed epistaxis, generalized petechiae,

and prolonged oozing from all needle puncture sites. Platelet function studies on May 5

showed a normal platelet count, poor clot retraction, and 0 per cent platelet adhesiveness
(PA) to glass beads. Bleeding times (needle punctures) were greater than 2 hours.

Hematocrits ranged from 30 to 36 per cent. BUN was 15 mg./100 ml. EACA was dis-
continued and a 2�i day course of prednisone, 60 mg./day, was given. The patient

improved without further treatment. By July ii his platelet adhesiveness had returned to

a normal level of 47 per cent.

At that time he was readinitted to the hospital with a 36 hour history of left frontal

and left temporal headache which had become progressively worse despite analgesics

(Darvon). There was a history of trauma to the left side of his head two weeks previously.
Physical examination upon admission revealed temperature 38.1 C., pulse 80/mm., res-

pirations 16/mm., and BP 120/78. Weight was 57 Kg. Several ecchymoses were present

over the lower extemities. The rest of the physical examination was unremarkable.

Admission CBC showed: Hct 51 per cent, WBC 8,300, PMN’s 70, lymphocytes 30,
platelet count 425,000/cu.mm. Urinalysis was negative. Three days after admission total

protein was 7.2 Cm./i00 ml., albumin 3.5 Cm./i00 ml., alpha-i globulin 0.3 Cm./iOO ml.,

alpha-2 globulin 0.8 Gm./i00 ml., beta-globulin 1.1 Gm./100 ml., and gamma-globulin
1.5 Gm./iOO ml. Immunoglobulmn analysis showed IgG 1040 mg. per cent, IgA 155 mg.
per cent, and 1gM 116 mg. per cent (Normal values using the technique of Calman

and Merrill 16 are: IgC 720-1400 mg./100 ml., IgA 68-314 mg./i00 ml., 1gM 93-320 mg./

100 ml.)
For the first two hospital days the possibility of a central nervous system hemorrhage
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was considered. Fresh frozen plasma, iOml./Kg. every 6 hours, was given during this

period without any change in symptoms. On the third hospital day an atraumatic lumbar
puncture revealed xanthochromic fluid with 1,028 RBC/ cu.mm. and protein of 140 mg.

per cent. Fresh frozen plasma, 10 ml./Kg. every 6 hours, was continued. The following
day the patient’s speech was deteriorating; he was disorientated; and a hematoma was

present at the lumbar puncture site. Brain scan using Tc99M pertechnetate revealed in-
creased activity on the left side in the anterior scan. The diagnosis of central nervous
system hemorrhage was established. A partial thromboplastin time was markedly pro-

longed even after 0.2 Gm./Kg. of AHF-rich-fibrinogen (Patient 155 sec., normal 53 sec.).

An incubated partial thromboplastin time inhibitor assay demonstrated an AHF inhibitor
titer of > 1 :32. Oozing from puncture sites was noted and platelet adhesiveness was found
to be 0 per cent. Prednisone, 3 mg.Kg./day, and phenobarbital were begun. On hospital

day 5 the patient’s pulse had fallen to 40/mm. and he was increasingly confused. Cor-
rection of his Factor VIII level was attempted with glycmne precipitated AHF ( Hyland
Laboratory) in a dose equivalent to 100 ml. of fresh frozen plasma per Kg. It failed to

produce clinical or laboratory improvement. No further transfusions were given. Azothia-

prime ( Imuran ) was begun on the fifth day in the dosage of 2 mg./Kg./day. Improvement
in awareness and speech was gradual. No further clinical evidence of bleeding was

noted and the patient was discharged on the eighteenth hospital day. Imuran was dis-

continued on 8-13-67 and prednisone on 8-30-67. At that time his bleeding time was
normal (2 mm. 30 sec. ); his AHF inhibitor titer was 1 :8; and his platelet adhesiveness

remained low ( 13 per cent).
He did well until the second week in January, 1968, when he developed epistaxis. A

bleeding time done 1-11-68 was 9 mm., AHF inhibitor titer >1:32, and platelet adhesive-
ness 10 per cent. By 1-12-68 the bleeding time site on the left forearm was massively

swollen and ecchymotic. Prednisone 2 mg./Kg./day and Imuran 1 mg./Kg./day were re-

instituted with improvement in the patient’s clinical condition and laboratory findings.

Serum proteins showed the following: TP 8.7 Gm./100 ml. with 3.9 Cm./100 ml. albumin

and 2.3 Cm./100 ml. gammaglobulin; IgG 2147 mg. per cent (very increased), IgA

179 mg. per cent, and 1gM 214 mg. per cent. VDRL, rheumatoid factor, Coombs’ test,
and three LE preps were negative. At present the patient is doing well on maintenance
therapy with Imuran. Table 1 summarizes the patient’s course.

RESULTS

As shown in Table 1, P.C.’s AHF inhibitor titer as determined by the

partial thromboplastin time inhibitor assay has gradually decreased on Imuran

and prednisone therapy. Platelet adhesiveness tests have been done 30 times

during the period of observation. The highest values (47,32,28 per cent) are

shown in Table 1. The remainder of the tests have ranged from 0-20 per cent.

(Normal 25-70 per cent). The higher values were seen while the patient was

on prednisone and imuran therapy. Platelet counts and petechiometer tests

have been repeatedly normal. During the third exacerbation of AHF inhibi-

tor and platelet dysfunction, beginning 1-11-68, we were able to demonstrate

delayed and incomplete platelet aggregation with ADP and thrombin (Fig.

1 and 2). Aggregation with collagen (Fig. 3) was incomplete and proceeded

more slowly than normal. ADP did not cause platelet factor 3 release using

the modified Stypven time, but disruption of the platelets by freezing and

thawing did reveal the presence of platelet factor 3 (Table 2). The indirect

platelet Coombs’ consumption test with the patient’s serum and normal plate-

lets showed a consumption of Coombs sera (1/256 to 1/64) on 1-12-68.

However, five days later when the direct (patient’s platelets) Coombs con-

sumption test was done, no platelet antibody was detected. Also, a significant
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Fig. 1.-Platelet aggregation by ADP.
NA = normal adult (19 subjects) mean and

S.E.M. values. Patient, PC, shows incom-
>. plete aggregation. DO, RM, P0, QN, RF,

� and MC are hemophiliac controls. The low-
� est optical density recorded represents max-I imal platelet aggregation.

increase in serum IgG ( 2147 mg per cent ) was found. The results of the other

coagulation studies done 1-12-68 are shown in Table 2.

Fibrin split products were seen only during the first peak of AHF inhibitor

and platelet malfunction in May, 1967. No precipitating antibody was de-

monstrated with Ouchterlony plate or immunoelectrophoresis at any time in

the patient’s course. Table 3 shows that the patient’s platelet adhesiveness

was corrected by normal plasma. However, the patient’s plasma corrected

a von Willebrand disease patient’s defective platelet adhesiveness.

The results of the same studies on six other classic hemophiliacs are shown

in Table 4. One, P.C.’s brother, M.C., had an AHF inhibitor titer of 1:2. All

studies of platelet function were normal except decreased PA in patient R.

McC. and decreased platelet factor 3 release in patients D.O., R.F., and

M.C. FSP were not demonstrated.

COMMENTS

Platelet function and bleeding times are generally considered to be normal

in classic hemophilia. The subject of this case report, P.C., showed the strik-

ing findings of prolonged bleeding from the skin, spontaneous petechiae, and

a prolonged bleeding time associated with a normal platelet count. On two

occasions these findings occurred concomitantly with transfusion therapy and

on another occasion they occurred spontaneously. All three episodes were

associated with the presence of an AHF inhibitor. The persistently low plate-

let adhesion to glass, the defective platelet aggregation to ADP, collagen,
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Fig. 2.-Platelet aggregation by thrombin.
NA = normal adult (ii subjects) mean and
S.E.M. values. Patient, PC, shows incomplete
aggregation. QN is hemophiliac control. The �

lowest optical density recorded represents �
maximal platelet aggregation.

-J
4
0

0.
0

and thrombin, and the decreased platelet factor 3 release indicated that the

small vessel bleeding defect was due to an abnormality of platelet function.

The fact that the patient had normal bleeding times in the past suggest that

this defect was acquired. An hereditary hemorrhagic disorder such as severe

von Willebrand disease could appear similar clinically. However, the pa-

tient’s brother (M.C.) had entirely normal bleeding time and platelet func-

tion studies (Table 2 and 4), thus providing additional evidence for the

acquired nature of the defect. Also, the patient’s prior Factor VIII responses

to plasma therapy were that of classic hemophilia.

The platelet function studies in the other hemophiliac patients studied

were essentially normal (Table 4) except for defective platelet adhesion to

glass seen in the patient R.McC. and slightly decreased platelet factor 3

activity in three of the patients. R.McC. had received a plasma transfusion

8 days prior to study. No recent transfusions had been given to the other

study subjects.

There are few reports of the relationship between platelet function and

transfusion therapy in hemophilia. Decreased platelet adhesivity using hep-

arinized blood in rotating glass tubes was described in four hemophiliacs

by Wright in 1946.’� Bleeding times and transfusion therapy were not men-

tioned. Borchgrevink described two patients with hemophilia A who devel-

oped prolonged bleeding times and decreased in vitro platelet adhesiveness

following transfusion therapy.’8 No AHF inhibitor was demonstrated. The
defects were corrected by cortisone therapy and could be reproduced by

plasma transfusions. Decreased platelet adhesiveness to glass beads was
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1’LATELET FUNCTION 33

Fig. 3.-Platelet aggregation by collagen.
NA = normal adult (12 subjects) mean and
S.E.M. values. Patient, PC, shows slow and

incomplete aggregation. RF, P0, DO, QN,
MC, and RM are hemophiliac controls. The

lowest optical density recorded represents
maximal platelet aggregation.

PC

TIME -

36.0

26.0
10.4

40%
6.3%

32.4 seconds

30.0 seconds

10.4 seconds

>.
I-.
(1)
z
Lu
0

-J
CS
C)

0.
0

Table 2.-Results of Coagulation Studies on P.C. (1-12-68)

Normal Control P.C.

Prothrombin Time 12 seconds 12.8 seconds

Fibrinogen (I) 265 mg.% 242 mg.%
Prothrombin (II) 100% 68%

Proaccelerin (V) 100% 70%

AIIF (VIII) 100% 0%

PTC (IX) 100% 62%

Stuart-Prower (X) 100% 60%
PTA (XI) 100% 70%

AHF (VIII) Assay

Normal plasma+M.C.#{176}

Normal plasma+P.C.

Stypven Time

Before incubation with ADP
After incubation with ADP
After freezing and thawing

P.C’s l)rothvr with hemophilia A; mixture incubated 1 hour at 37 C.

noted without comment by Strauss and Bloom in 196519 in two patients

following transfusion with AHF-rich-fibrinogen.

Since the episode of most severe platelet dysfunction was seen in our pa-

tient without prior transfusion (Jan. 11-12, 1968, Table 1), other possibili-

ties for an acquired platelet function defect must be considered. 1) Neither

uremia2#{176} nor severe liver disease,21 common causes of acquired platelet de-

fects, were present in our patient. 2) Defective platelet aggregation and

adhesiveness have been described in the presence of fibrin split products.22

FSP were present only during the first episode when active bleeding and
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Table 4.-Coagulation and Platelet Function Studies in Patients with
AHF Deficient Hemophilia

Patient P.O. DO. Q.N. R.F. M.C.#{176} R.McC.

Time Since Last Transfusion 18 days 60 days 11 days 13 days 58 days 8 days

Medications none none none EACA none none
%AHF 0% 0% 0% 0% 0% 0%

BT (Ivy), Mm. 5 3 4 43� 4

Petechiometer negative negative negative negative negative negative

AHF Inhibitor Titer none none none none 1:2 none

Platelet Count/cu.mm. 250,000 340,000 535,000 610,000 390,000 250,000

% Platelet Adhesiveness 30% 81% 40% 43% 74% 4%

Platelet Aggregation
with ADP normal normal normal normal normal normal

with Collagen normal normal normal normal normal normal

with Thrombin - - normal - - -

Stypven Time, Sec.
without ADP 41.4 34.9 44.4 38.6 31.0 36.5

with ADP 30.4 31.5 27.0 32.8 28.0 27.4

FSP negative negative negative negative negative negative

- = not (lone

= brother of P.C., subject of case report.

34 CALL, MULL, HATHAWAY

Table 3.-Citrated Platelet Adhesiveness Studies

Source of WB 0

Normal

Patient t

Patient f

von Willebrand
von Willebrand

von Willebrand

Diluent

Buffer

Buffer

Normal plasma
Buffer

Normal plasma

Patient’s plasma f

% Platelet Adhes.

32, 48

12, 3
39.6, 34

6.1

25

52

(Normal range, 22 subjects, 15-48%)

o Whole Blood

t P.C.

intensive AHF-rich-fibrinogen therapy had occurred. 3) The possibility of

an acquired von Willebrand’s syndrome was considered. Recently, Simone

and colleaguestm reported the unique combination of acquired findings of

von Willebrand’s disease associated with lupus erythematosus. Our patient

has shown no clinical or laboratory evidence of lupus erythematosus to date.

Table 3 demonstrates that the patient’s plasma normalized the PA of the von

Willebrand patient. Although the in vitro demonstration of a von Wille-

brand’s “factor” remains to be established and in vivo transfusion experiments

were not attempted, these studies are against the concept of an acquired von

Willebrand’s “factor” deficiency. 4) The generalized platelet functional defect

(defective adhesiveness, defective aggregation, defective clot retraction, and

defective platelet factor 3 release) relate this acquired defect to hereditary

thrombasthenia where a primary abnormality of the platelet membrane has

been postulated.24 By inference, the patient may have a functional defect of

his platelet cell membrane due to the attachment of antibody to the platelet.
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The presence of decreased platelet function with increased AHF inhibitor

titers and the improvement of both with immunosuppression ( prednisone and

Imuran ) support this concept. In addition, the patient’s serum contained an

“anti-platelet antibody” ( demonstrated to be gamma-globulin by the indirect

Coombs’ consumption test ) and increased amounts of IgG at the time of the

most severe abnormality. Elevated levels of immunoglobulins have been de-

scribed in hemophiliacs but without positive correlation with the presence of

AHF inhibitors.20 Precipitating antibodies against AHF or other proteins were

not detected; however, studies26’27 have shown that the AHF inhibitor is an

antibody of the non-precipitating type. Further studies of the antibody nature

of the AHF inhibitor and the relation of the inhibitor to the patient’s platelet

functions are planned if relapse occurs.

SUMMARY

A patient with classic hemophilia (AHF-deficiency) who demonstrated an

acquired platelet functional and bleeding time defect concurrently with an

AHF inhibitor is described. Possible etiologies for the platelet defect have

been proposed and their role in this patient evaluated. Platelet function

studies on six other patients with hemophilia A were normal with the excep-

tion of defective platelet adhesion to glass in a patient who had been re-

cently transfused.

The combined platelet functional defect and AHF inhibitor found in our

patient may be more common than is generally realized. We suggest that

any hemophiliac who fails to respond to conventional transfusion therapy

should l)e investigated for both abnormalities.

SUMMARIO IN INTERLINGUA

Es (lescril)ite un patiente con hemophilia classic ( carentia de factor antihemophilic ) qui

monstrava on acquinte defecto de function plachettal e del tempore de sanguination con-

currentemente con le presentia de un inhibitor de factor antihemophilic. Es proponite
etiologias possibile pro le defecto plachettal, e br rob in Ic presente patiente es evalutate.

Studios del function plachettal in sex altere patiente con hemophilia A esseva normal con Ic

exception del constatation de tin defective adhesion plachettal a vitro in le caso de un

patiente qui recentemente habeva recipite un transfusion de sanguine.
Le combination de sin defecto del function plachettal con Ic presentia (Ic un inhibitor

(Ic factor antihemophilic, Ic qual esseva trovate in nostre patiente, es possibilemente plus
commun que lo que es generalmente supponite. Nos propone que omne hemophiliaco qui

non responde al conventional therapia transfusive deherea esser investigate relative al

presentia possibile de ambe le mentionate anormalitates.
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