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Background and Objectives

Mucocutaneous bleeding (MCB) is the main expression of inherited disorders of pri-
mary hemostasis. However, the relative prevalence of these disorders, their clinical
differential diagnosis, and the proportion of patients with MCB of unknown cause
(BUC) after an initial comprehensive laboratory testing are unknown.

Design and Methods

We studied prospectively 280 consecutive patients with MCB and 299 matched con-
trols, using strict inclusion and exclusion criteria. A single physician recorded the clin-
ical data in a bleeding score and estimated the severity of bleeding in clinical cate-
gories. Laboratory criteria for the diagnosis of von Willebrand’s disease (VWD) and
platelet function defects were established from reference values derived from con-
trols. 

Results

Fifty patients (17.9%) had VWD (type 1VWD=45, type 2=5). Platelet function defects
and mild clotting factor deficiencies were found in 65 (23.2%) and 11 (3.9%) patients,
respectively. Thirteen (11.5%) patients had combined defects. The remaining
167(59.6%) patients had BUC, with prolonged bleeding time in 18.6% as their only
abnormality. All these disorders, including BUC, were clinically undistinguishable.
Moreover, no relationship was found between the severity of bleeding and
VWF/platelet function variables. 

Interpretation and Conclusions

The diagnostic efficacy of a first laboratory testing in patients with hereditary MCB is
40.4%. Most patients have a disease(s) of high prevalence but unknown pathogene-
sis. Concurrent bleeding disorders in the same patient are frequent. Our results sup-
port the proposal that low plasma VWF levels, but also platelet function defects,
should be considered risk factors rather than unequivocal causes of hemorrhages. 

Key words: bleeding of unknown cause, diagnosis of inherited disorders of primary
hemostasis, mucous and skin bleeding, mild bleeding disorders, platelet function
study, relative frequency of disorders of primary hemostasis.
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Patients with inherited mucocutaneous bleeding
(MCB) present several diagnostic problems.
Bleeding symptoms are frequent in the popula-

tion,1-3 but their clinical relevance is difficult to assess. In
contrast, some patients with an unequivocal diagnosis
of a known disease may be asymptomatic. There are
inherent difficulties in diagnosing von Willebrand’s dis-
ease (VWD) and platelet function defects (PFD), the best
characterized disorders of primary hemostasis. Most
patients with type 1 VWD have no distinctive genetic
markers, and the diagnosis rests on decreased plasma
von Willebrand factor (VWF) level and function.4

However, genetic and acquired factors cause a wide dis-
tribution of plasma VWF levels, which are weakly cor-
related with bleeding. Moreover, a fraction of non-
bleeder individuals have VWF levels below the estab-
lished normal range, simulating a type 1 VWD.4 As
regards PFD, the prevalence of these defects is
unknown, although platelet secretion and signal trans-
duction defects are the most frequent.5,6 There is no con-
sensus regarding the standardization and interpretation
of in vitro platelet aggregation and secretion studies, the
main diagnostic tools.7-9

The type of bleeding in these diseases is frequently
undistinguishable from that in patients with mild clot-
ting factor deficiencies.1,10 Moreover, that tissue fibrino-
lysis makes some contribution to the bleeding is sug-
gested by the effectiveness of antifibrinolytic drugs in
many of these patients without evidence of systemic
hyperfibrinolysis.11,12 Lastly, many patients with MCB
have no identifiable disease13 even after repeated test-
ing. Their disorder has been labeled as an undefined prob-
lem7 or normal hemostasis despite the bleeding symptoms.3,14

To date, there have been no systematic studies to deter-
mine the characteristics, frequency and pathogenesis of
bleeding in these patients. 

This prospective study in unequivocal bleeders was
intended to determine the relative frequency of mild
bleeding disorders, the prevalence and characteristics of
patients with bleeding of unknown cause (BUC), and
the diagnostic efficacy of an initial, comprehensive lab-
oratory investigation. 

Patients and Methods

Patients and controls
The Medical Ethics Committee approved this study

and informed consent was obtained from patients and
controls. Consecutive patients (aged ≥4 years and ≤50
years), referred by physicians aware of the objectives of
the study, were always interviewed by the same inves-
tigator using a standardized questionnaire,3 modified to
assess mainly mucous and skin bleeding. The interview-
er recorded the current and past bleeding episodes inde-
pendently of the age at consultation. Briefly, the most

frequent and typical symptoms (Table 1) were scored
from 0 to 4, according to their frequency, duration,
recurrence, and need and type of therapy. Other symp-
toms, of lesser frequency, less typical of primary hemo-
stasis disorders, or those present only after exposure to
risk, were scored 0 (absent) or 1 (present). The recorded
data were processed later providing a numerical assess-
ment of bleeding severity (bleeding score, BS). The BS
was compared with the insight of the physician who
estimated, interpreted and categorized the bleeding
severity at the end of the interview into one of five cat-
egories of a clinical classification (CC), adapted from
Bolton-Maggs et al.15: intense, moderate, intermediate,
trivial bleeders and non-bleeders. Intermediate bleeders
were those with spontaneous bleeding from diverse
sites, but whose hemostatic system had not yet been
challenged by major risk factors for bleeding (e.g. sur-
gery, menstruation); those with abnormal bleeding
spontaneously or after a single, non-proportionate
injury, but without other pathological hemorrhages; and
those with repeated bleeding from a single site without
a recognizable cause (e.g. epistaxis, menorrhagia).
Trivial bleeders usually had a single site of mild hemor-
rhages. Succinctly, the BS quantified the bleeding
according to the patient’s (or parents’s) point of view
and the CC reflected the physician’s judgment and per-
ception of the severity of the disease. Both assessments
also took into account the bleeding history of first- and
second-degree relatives, obtained during the interview,
or by phone soon after the patient had collected the
information. The controls, recruited independently of
the patients with similar geographical, ethnic, social,
economic and cultural background, were matched for
age and sex, and subjected to the same interview and
exclusion criteria as the patients, selecting only non-
bleeders (n=252) or trivial bleeders (n=47). The popula-
tion of 299 controls was constituted by: a) subjects
undergoing preoperative hemostatic assessment prior to
minor, elective, non-inflammatory surgery (hernia, phi-
mosis and beauty spots; n=99); b) healthy school-chil-
dren, recruited with parental consent (n=161); c) healthy
university students and workers at our University
(n=39). All hemostatic tests showed no significant dif-
ferences among these three groups, except for the last
one, which comprised older individuals who had slight-
ly higher VWF values, explained by the age-dependence
of plasma VWF concentration. Patients or controls who
were taking drugs, were pregnant, had infections or
concomitant diseases, a platelet count <100,000/µL,
hemoglobin <9 g/dL, elevated serum creatinine and
transaminases (ALT/AST), and C reactive protein >1 mg
dL were excluded. Patients who had used aspirin or
non-steroidal anti-inflammatory drugs were studied at
least 7 and 3 days, respectively, after consumption of
these drugs.
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Laboratory tests
Fasting blood samples were drawn between 8:30 and

10:00 a.m. Global hemostatic tests included platelet
count, prothrombin time (PT), activated platelet throm-
boplastin time (APTT), thrombin time, clot lysis in saline
and urea and plasma fibrinogen. Clotting factor levels
were determined by one-stage, modified APTT16 or PT
assays. A plasma clotting factor activity <35/IU dL, was
considered clinically relevant, except for FXII:C, which
was useful to investigate prolonged APTT. Plasma von
Willebrand factor antigen (VWF:Ag), VWF ristocetin
cofactor (VWF:RCo), VWF binding to collagen (VWF:CB)
and VWF multimers were tested exactly as described
previously.13 Reference ranges for VWF:Ag, VWF:RCo,
and VWF:CB (cut-off at ≤2.5th percentile) were derived
from the 299 controls, disregarding ABO blood type.
Type 1 VWD was diagnosed when VWF:Ag and at least
one of the functional tests were subnormal. Ristocetin-
induced platelet agglutination (RIPA) was measured by
aggregometry using washed, normal and patient
platelets.17 VWF:FVIIIB was measured as described else-
where,18 using anti-VWF monoclonal antibody (vW1,
provided by RR Montgomery, USA) and peroxidase-con-
jugated goat anti-human FVIII (Affinity Biologicals Inc.,
Ancaster, ON, Canada). VWD variants were diagnosed
as recommended.19 All patients with VWF:RCo/Ag
and/or VWF:CB/Ag ≤0.7 underwent RIPA tests and mul-
timeric analysis and those with FVIIIC/VWF:Ag ≤0.7

were tested for VWF:FVIIIB. When indicated, we also
applied Sadler’s20 proposal for the definitive diagnosis of
type 1 VWD, i.e., plasma VWF values ≤15 IU/dL. The
bleeding time (BT) was measured using pediatric and
adult devices.13 Upper cut-off values were established in
the 299 controls (<7.0 and <11 minutes for children ≤6
years old and for older individuals, respectively). 

Platelet aggregation and 14C-serotonin (14C-5-HT) secre-
tion in platelet-rich plasma were evaluated exactly as
described previously,13 using ADP (4 and 8 µM), collagen
(1 and 2 µg/mL), epinephrine (10 µM), sodium arachido-
nate (1 mM) and ristocetin (1.2 mg mL). The lower cut-
off values for platelet aggregation and secretion were set
as the 2.5th percentile in the 299 controls. Platelet aggrega-
tion and secretion in response to 10 µM epinephrine and
4 µM ADP showed a biphasic distribution. Fourteen per-
cent of the controls had only a primary or reversible wave
of aggregation or a decreased initial velocity of aggrega-
tion, associated with absent or insignificant 5-HT secre-
tion. In all these cases the response to 8 µM ADP, colla-
gen and arachidonate was normal. It, therefore, appears
that concentrations of 10 µM epinephrine and 4 µM ADP
are threshold platelet stimuli to elicit a full response in a
significant proportion of healthy individuals.
Accordingly, a platelet function defect was diagnosed
when the platelet aggregation and/or 14C-5-HT secretion
was abnormal in response be two or more agonists,
(excepting the above combination of 10 µM epinephrine

Table 1. Quantification of symptoms to assess the bleeding severity in patients with mucocutaneous hemorrhages. 

SYMPTOMS 0 1 2 3 4

Ecchymoses No Only in legs, with Both extremities, with Extremities and trunk; Generalized, also in face,
minor trauma minor trauma, not related to known trauma, suspicion of child abuse,

occasionally spontaneous. spontaneous spontaneous

Epistaxis Occasionally < 4 episodes/ Frequent, Frequent consultation, Requires hospitalization,
or never year, more may be spontaneous 2 or more cauteries, blood transfusion,

in summer or or during other therapies, anemia interferes with normal life
“colds”, minor injuries, sleep, ask for medical 
resolves spontaneously help, packing, <2 cautery.

Gum bleeding Occasionally Once a week, Similar, Spontaneous,
with no gum or never during teeth brushing but twice or more /week, more cause of consultation
disease or hard food, abundant and prolonged

short duration

Prolonged bleeding No More than More than 60 minutes, More than 4 hours, re-bleeding, More than 24 hours,
after mild injuries 30 minutes retarded scarring retarded scarring, more than once

requires medical-dental in life
consultation and treatment

Superficial Appropriate Disproportionate Trivial injuries, Requires medical consultation
hematomas to injury to injury, more frequent,

2-4 episodes/year cause of consultation

Menorrhagia Never Prolonged and/or Same, but limiting some Same, but interfering with Hospitalization, anemia,
abundant menses, activities (sports), social life, cause of anemia, several transfusions,
normal life-style, requires medical treatment treated with hemostatic drugs failure of usual treatments,

may require medical attention assessment or indication
of hysterectomy

Other hemorrhages were scored as 0 (absent) or 1 (present): petechiae, excessive bleeding after surgery or major trauma, peri-partum bleeding, hematuria hemarthoses,
deep hematomas, gastro-intestinal bleeding, bleeding after aspirin intake, blood in stools, bridle bleeding, hemoptysis or hemoptoic sputum, bleeding after dental
extractions, umbilical bleeding, otorrhagia, bleeding requiring blood transfusion.
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and 4 µM ADP), or with either two ADP or two collagen
concentrations. Defective aggregation or secretion in
response to sodium arachidonate, associated with defects
with other agonists, was initially attributed to drugs or
other unknown substances. These cases were included
only if confirmed by a repeated study. 

Platelet 5-HT was measured by high performance liq-
uid chromatography-electrochemical detection,21 and
intraplatelet ADP and ATP by a firefly luminiscence
method22 using a microplate reader (Fluoroskan Ascent
FL, Labsystems, Finland). Values below the 2.5th per-
centile for platelet 5-HT (=278 ng/109 platelets, in 295
controls) and ADP (=1.2 µM/1011 platelets in 248 con-
trols) and above the 97.5th percentile for ATP/ADP ratio
(=2.8) were considered abnormal. The clot lysis assay
was performed as described by van dem Borne et al.23

Briefly, 100 µL of platelet-poor plasma were mixed with
100 µL HEPES buffer containing thrombin (120 U/L,
Sigma Chem, USA), PC/PS/PE vesicles (20 µM), calcium
(33.3 mM), and tissue plasminogen activator (100
ng/mL, Actilyse, Boehringer Ingelheim, Germany). Clot
lysis was studied by monitoring the change in turbidity
during fibrin lysis at 405 nm in a microplate reader
(Labsystems iEMS reader, Espoo, Finland) at 37ºC. To
correct for inter-assay variability, results were expressed
as a patient/normal pooled plasma ratio of the time at
which 50% of the clot lysis occurred.

Statistical methods
Results are presented as mean±SD or as mean and

range. The means were compared by a two-tailed
unpaired Student´s t test or Mann-Whitney test (for nor-
mal and non-normal distributions, respectively).
Proportions were compared using Fisher´s exact test or
χ2 analysis. Pearson’s or Spearman’s rank correlations
were used for data with normal or non-normal distribu-
tion, respectively. 

Results

Clinical characteristics of the patients and relative
frequencies of diseases

A total of 280 patients were included in the study.
Among these, 138, 95, and 47 patients were classified in
CC 1, 2, and 3, respectively. Seventeen referred patients
were excluded, because they were classified as trivial
bleeders (n=16) or non-bleeders (n=1). The bleeding
scores decreased from CC 1 through CC 3 being
11.1±4.1, 6.0±2.1 and 4.1±2.0, respectively, in the three
categories. A correlation coefficient of –0.75 (CI –0.79 to
–0.69, p<0.0001, Spearman’s rank correlation) was
found between the bleeding score and CC. The fre-
quency of diagnosis and demographic characteristics of
the patients and controls are shown in Table 2. The fre-
quency of blood type O was significantly higher in

patients with MCB than in controls and blood bank
donors (67% vs. 57%, p=0.01). Eighty-six percent
(43/50) of the patients with VWD had type O blood
group. A predominance of women was observed (ratio
female/male = 59/41%). The BT, prolonged in 26.8% of
the 280 patients, had no significant correlation with the
BS or CC. Patients had lower blood hemoglobin con-

Table 2. Frequency of diagnosis and demographic data of patients
and controls.

DIAGNOSIS N° (%) Age (years) Females Blood type Abnormal 
mean±SD % O BT
(range) Nº (%) Nº (%)

VWD* 39 16.2±11.2
(14.0) (4-47) 74.4 35 (90) 16 (41.0)**

VWD† + PFD 9 15.9±11.1
(3.2) (7-40) 77.8 6 (67) 5 (56)

VWD‡ + CFD 2 13.5±0.7
(0.7) (13-14) 50.0 2 (100) 0 (0)

PFD 54 14.5±8.1
(19.3) (4-41) 51.9 31 (57) 21 (39)**

PFD+CFD 2 12.5±2.1
(0.7) (11-14) 0 1 (50) 0 (0)

CFD 7 10.4±3.2
(2.5) (7-16) 14.3 4 (57) 2 (28.6)

BUC 167 14.2± 9.8
(59.6) (4-48) 59.3 110 (66) 31 (18.6)**

TOTAL 280 14.5±9.6 
(4-48) 58.9 189 (67)¶ 75 (26.8)

CONTROLS 299 12.2±6.5 (4-44) 54.5 170 (57)¶ 22 (7.4)

VWD: von Willebrand’s disease; PFD: platelet function disorder; CFD:
coagulation factor deficiency; BUC: bleeding of unknown cause; BT: bleeding time.
*36 patients had type 1 VWD, one had type 2A, and two had type 2B VWD. †seven
patients had type 1 VWD, one had type 2A, and one had type 2B VWD. ‡the two
patients had type 1-VWD. ¶differences in blood type O: p=0.01 (controls vs. all the
patients). The significance rose to p <0.002 when controls were compared with the
50 patients with VWD. (Fisher´s exact test). **the proportion of patients with
VWD or PFD with prolonged BT was significantly higher than that of patients with
BUC (p=0.005 and 0.003, respectively). (Fisher´s exact test).

Figure 1. Plasma levels of VWF:Ag, VWF:RCo, VWF:CB in controls
and in patients with VWD and bleeding of unknown cause (BUC).
The horizontal lines correspond to the 2.5th percentile of the 299
controls. These cut-off values were 42, 37 and 39 IU/dL for
VWF:Ag, VWF:RCo and VWF:CB, respectively. If the cut-off is set at
the 5th percentile, ten additional patients classified as BUC would
qualify for a laboratory diagnosis of type1-VWD.

White circles: controls
Gray circles: BUC
Black circles: VWD
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centration (12.8±1.12 g/dL and 13.1±0.9 g/dL, p<0.0002)
and blood platelet counts (267±68×103/µL vs.
280±62×103/µL, p=0.012) than the controls. In 167
(59.6%) patients the hemostatic tests were within nor-
mal ranges, except for a prolonged BT in 31 of them
(18.6%). An identifiable disease was diagnosed in
40.4% (113/280) of the patients after an initial laborato-
ry study, and 13 (11.5%) of them had two diseases con-
comitantly. Table 3 lists the frequency of symptoms and
family history in the patients for whom a diagnosis was
or was not made. Except for a higher frequency of
superficial hematomas and bleeding episodes requiring
transfusions in the group with a positive diagnosis than
in patients with BUC, the clinical bleeding in both pop-
ulations was undistinguishable. 

Among the 50 (17.9%) patients with VWD, 45 had
type 1, three had type 2B and two had type 2A. An
additional patient with type 2B disease was excluded
because of thrombocytopenia. The distribution of VWF
variables is shown in Figure 1. According to our criteria,
only ten additional patients would have been diagnosed

with type 1 VWD if the cut-off values had been set at
the 5th percentile. Eight out of 299 non-bleeder controls
were false positive with at least two VWF variables
below the 2.5th percentile. All of them had type O
blood, none had a family history of MCB and six of
them had undergone teeth extractions or tonsillectomy
without abnormal bleeding.

A PFD was diagnosed in 65 (23.2%) patients. Of these
patients, 46 had primary secretion defects, (42 with
abnormal and four with normal platelet aggregation),
whereas 18 patients had only defective platelet aggrega-
tion, with normal 5-HT secretion. Three of the 46
patients had δ-storage pool disease, with low platelet 5-
HT and ADP and high ATP/ADP ratio. One patient had
the aggregation phenotype of Glanzmann´s thrombas-
thenia, with normal glycoprotein IIb and IIIa in
immunoblotting of platelet lysates. Completion of the
study in this patient is needed. The patients with PFD
had a slightly faster mean clot lysis than controls
(patient/normal ratios of 0.97±0.24 vs. 1.06±0.22,
respectively, p<0.007). Mean, range and 2.5th percentiles
of maximal percentages of aggregation and 5-HT secre-
tion are shown in Table 4. Twenty-one controls (7.0%)
had low values of platelet aggregation/secretion with-
out symptoms, and accordingly, must be considered
false positives. Eleven patients had mild clotting factor
deficiencies: six had mild hemophilia A (FVIII:C levels
of 6, 11, 11, 17, 23 and 28 IU/dL), two had mild hemo-
philia B (FIX:C levels of 19 and 20 IU/dL), two had
FXI:C deficiency (27 and 29 IU/dL) and one had a plas-
ma FX:C of 33 IU/dL. One of these patients had a single
episode of trauma-induced knee hemarthrosis and
another had a retroperitoneal hematoma after abdomi-
nal surgery, as unique symptoms of their disorders of
secondary hemostasis.

Table 3. Site and frequency of bleeding and family history in
patients with a positive diagnosis and in those with bleeding of
unknown cause (BUC).

Frequency %

Symptom Patients Patients Controls† 

with diagnosis with BUC N = 299
N = 113 N = 167 

Menorrhagia 92.9 (42)* 87.8 (49)* 0.3 (72)*
Ecchymoses 77.9 77.8 19.1
Epistaxis 76.1 79.0 25.1
Cautery 23.0 26.3 1.0
Bleeding after dental extractions 73.9 (46)* 59.3 (59)* 0.0 (120)*
Gum bleeding 55.8 52.7 12.7
Post-partum bleeding 33.3 (12)* 64.7 (17)* 0.0 (8)*
Bleeding after minor injuries 52.2 47.3 1.3
Surgical bleeding 52.6 (38)* 43.5 (69)* 0.0 (82)*
Hematomas (mostly superficial) 43.4‡ 26.3‡ 3.3
Bleeding after aspirin intake 44.1 (34)* 27.4 (73)* 0.0 (185)*
Bleeding requiring transfusion 31.9‡ 16.8‡ 0.0
Hemoptoic sputum 22.1 22.8 0.3
Petechiae 15.9 16.8 0.7
Finding blood in the stools 13.3 16.2 1.0
Bridle bleeding 9.7 9.0 0.0
Gastrointestinal bleeding 9.7 6.6 0.7
Umbilical bleeding 4.4 9.6 0.0
Otorrhagia 6.2 3.6 0.3
Hemarthroses 5.3 3.6 0.0
Deep hematomas 1.8 0.0 0.0
Hematuria 3.5 3.0 0.0
Hemoptyses 0.0 0.0 0.0

Family history of bleeding:
- First degree relatives 21.2 31.7 23.5
- Second degree relatives 15.9 15.6 15.4
- First and second degree 52.2¶ 36.5¶ 12.1¶

relatives
Total  81.3 83.8 51.0

*Values in parentheses reflect the number of individuals exposed to risk. †The
control population included only individuals considered non-bleeders or trivial
bleeders. ‡ p=0.004, patients with a positive diagnosis vs. patients with BUC
(Fisher´s exact test). ¶p<0.0001, patients with a diagnosis or patients with BUC
vs. controls (Fisher´s exact test).

Figure 2. Distribution of the clinical categories (CC), an index of
bleeding severity, in all the diagnostic groups and in patients with
bleeding of unknown cause (BUC). Type I von Willebrand’s disease
(VWD) (n=39) platelet function defects (PFD) (n=54); VWD+PFD
(n=9); clotting factor deficiencies (CFD) (n=7); BUC (n=167); all
patients: (n=280). The proportions of patients in each clinical cate-
gory were not significantly different among the different disorders
(χ2). Patients having concomitant PFD+CFD and type 1 VWD+CFD
were not included in this Figure, but were considered in the column
with all the patients and in the statistical analysis.
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Laboratory studies in patients with bleeding of
unknown cause

The patients with BUC had lower hematocrit and
blood hemoglobin (38.0±3.1% and 12.8±1.1 g/dL) than
controls (38.9±2.66% and 13.1±0.94 g/dL) (p=0.0016
and 0.0030, respectively). No significant differences
were detected in mean VWF variables between BUC
and in control groups, as shown in Figure 1. Platelet
aggregation/secretion was strikingly similar in patients
with BUC and controls (Table 4). Patients had a slightly
higher content of platelet ATP (4.14±1.21 vs. 3.85±0.92
µmol/1011 platelets, p=0.007), similar ADP content
(2.89±1.20 vs. 2.83±0.88 µmol/1011 platelets, p=NS) and
lower platelet 5-HT (559±199 vs. 655±205 ng/109

platelets, p<0.0001) than the controls. 
All the patients with BUC had plasma clotting factor

levels >35 IU/dL. Statistically, these patients had slight-
ly higher concentrations of FII:C, FVII:C and FX:C and
slightly lower levels of FV:C, VIII:C, FXI:C and FXII:C
compared with the 299 controls (Table 5). The platelet-
poor plasma mean clot lysis time was similar in patients
and controls (1.03±0.28 vs. 1.06±0.22, p=NS). 

Bleeding severity according to diagnoses and its
relationship with VWF and platelet function variables

The CC and BS, as indices of bleeding severity, were
not significantly correlated with any of the multiple
variables of plasma levels of VWF or platelet function,

considering either the whole population of patients or
each diagnostic group separately. No differences in the
proportions of CC 1, 2 and 3 were found among all
diagnostic groups (Figure 2). This observation was fur-
ther validated by the lack of statistical differences in the
CC and BS between the 11 patients with VWF <15
IU/dL and the remaining VWD patients or the whole
patient population (Fisher´s exact test and unpaired
Student´t test for CC and BS, respectively). 

Discussion
This study highlights some practical and conceptual

aspects in assessing patients with inherited MCB. An
initial laboratory work-up diagnoses around 40% of the
patients with hereditary MCB into some category of
well recognized diseases. The remaining 60% of the
patients have a bleeding disorder of unknown cause,
with prolonged BT in 18.6% of them as isolated labora-
tory abnormality. This group was clinically undistin-
guishable from those with VWD or PFD. We also found
that mild disorders of platelet function are more preva-
lent than VWD.

All these hemostatic disorders were clinically similar,
independent of their pathogenesis. The physician’s
assessment of the bleeding severity in CC showed a
good correlation with the BS. However, we found no
significant correlation between bleeding severity, (CC

Table 4. Maximal percentages of platelet aggregation and secretion in patients with platelet functional defects (PFD), patients with
bleeding of unknown cause (BUC) and in the control population. 

Diagnosis N * AA† Epinephrine ADP ADP Collagen Collagen 
1 mM 10 µM 4 µM 8 µM 1 µg/mL 2µg/mL

PFD 65 PA 65(0-89) 29(0-88) 50(0-87) 63(5-100) 54(0-100) 66(0-100)
PS 34(1-76) 19(0-67) 17(0-72) 22(0-72) 23(0-66) 33(0-74)

BUC 167 PA 81(66-100) 59(3-100) 73(20-95) 80(60-100) 78(56-100) 81(67-95)
PS 40(21-100) 33(0-100) 34(5-100) 38(13-100) 40(10-77) 46(21-103)

Controls 299 PA 79(1-100) 65(3-94) 72(20-99) 77(42-95) 78(53-97) 80(57-97)
PS 36(0-88) 34(0-77) 32(0-68) 35(0-76) 38(6-72) 44(12-85)

2.5th percentile PA 69 8 34 58 65 68
PS 18 0 4 14 24 30

*PA: maximal % of platelet aggregation. PS: maximal % of platelet secretion. †AA: arachidonic acid. Values are expressed as mean value and
(range). The lower cut-off values were set at the 2.5th percentiles of the control population. As detailed in Methods, the morphology of the
aggregation tracings (reversibility of aggregation, slope and lag-phase) were also considered in the diagnosis. 

Table 5. Plasma coagulation factor activity in patients with mucocutaneous bleeding of unknown cause (BUC) and in the control population.

FII:C FV:C FVII:C FVIII:C FIX:C FX:C FXI:C FXII:C
Nº (IU/dL) (IU/dL) (IU/dL) (IU/dL) (IU/dL) (IU/dL) (IU/dL) (IU/dL)

BUC 167 95 92 99 85 89 97 91 93
(41-140) (36-152) (47-197) (44-154) (49-179) (47-179) (48-162) (21-175)

Controls 299 91 100 87 92 88 92 100 96
(55-127) (53-180) (45-160) (46-201) (45-179) (59-141) (40-226) (33-173)

p* 0.03 <0.0001 <0.0001 0.0027 0.48 0.003 <0.0001 0.15

Values represent mean (range). *unpaired Student’s t test (for data normally distributed, which included all the factors, except FVIIIC), or the Mann-Whitney test
(for FVIII:C). 



Clinical and laboratory assessment of mild bleeding disorders

haematologica/the hematology journal | 2007; 92(03) | 363 |

and BS), and laboratory variables. So, from the stand-
point of a clinical practice, the elaboration, application
and analysis of a time-consuming and complex BS was
not better than an interview with a pre-established
questionnaire followed by the classification of the
bleeding severity by the physician (CC). It was not easy
for the physician to classify some patients into each CC
due to the contrasting perceptions of the patient and
physician regarding the clinical importance of the
symptoms. The major difficulty was to discriminate
normal and pathological bleeding, e.g., in our nomencla-
ture, to discern trivial, non-significant bleeding from
mild, abnormal bleeding. Our study design admitted
only trivial or non-bleeder controls, precluding the clin-
ical comparison with patients. The family history was
only of relative value in the patient assessment, mainly
because a high proportion of the controls had first or
second degree relatives who were bleeders, confirming
a previous report.2 In this regard, the family history was
significantly more informative if first and second degree
relatives were concomitantly affected. 

The BT, a global test of primary hemostasis disorders,
has a low sensitivity for differentiating among these dis-
orders. Accordingly, the test is unnecessary for diagno-
sis and a complete laboratory work-up should be
ordered in patients with inherited MCB.24 Blood type O
is overrepresented among MCB patients, mostly in
those with VWD. This predominance probably reflects
the lower plasma VWF in type O individuals.25

Accordingly, assuming that the low VWF is the bleeding
risk factor, we established the reference ranges without
considering the ABO blood type, as suggested.26

Fifty patients had VWD, 45 of them had type 1, two
had type 2A and three had type 2B. Considering one
patient excluded because of thrombocytopenic type 2B
VWD, the prevalence of non-type 1 VWD phenotypes
in our population is around 12%, lower than the 20-
30% reported elsewhere.27 A racial factor may explain
this difference, since the Aborigine admixture in our
Caucasian population borders 30%.28 It is also possible
that patients with VWD types 2 and 3, with more
symptomatic forms of the disease, are diagnosed before
the age of 4, the limit for inclusion in our study. The
overlapping distribution of VWF in normal and patient
populations4,19,27 adds difficulty to the diagnosis and
obscures the role of VWF in bleeding symptoms. In fact,
considering the established cut-off values as the 2.5th

percentile, eight non-bleeder controls had VWF levels
below the normal range. Possibly, upon repeated test-
ing, some patients with borderline values could meet
the laboratory criteria for VWD. However, in our study
only ten additional patients would have entered this
category if the VWF cut-off value had been set at the 5th

percentile. The bleeding severity of the 11 patients with
VWF levels <15 IU/dL did not differ from that in the
remaining 39 patients with higher levels of VWF. This

suggests that bleeding in patients with type 1 VWD may
not be explained solely on the basis of low plasma VWF
levels. This observed lack of relationship between clini-
cal severity and plasma VWF levels differs from a recent
observation.29 This is probably explained by the fact that
the study by Tosetto et al.29 included non-bleeder individ-
uals (BS <0 and 0 in quintiles 1 and 2, respectively), with
a median VWF over 80 IU-1/dL, whereas our analysis
was performed only in bleeders. In fact, when the same
correlation analysis included only the 39 patients with
isolated VWD as well as the non-bleeder controls, we
then obtained similar results to Tosetto et al.29

There is a lack of standardization regarding the opti-
mal number and agonist concentration of platelet func-
tional tests.7-9,30 Moreover, the influence of pre-analytical
variables, types of samples and recording instruments,
and the lack of consensus about agonist type and con-
centration and interpretation of results, tend to discred-
it study conclusions. To counteract these drawbacks,
we standardized the assay considering all these factors.
The data in non-bleeder controls showed that low
platelet aggregation/secretion with 10 µM epinephrine
and/or 4 µM ADP constituted insufficient criteria for
diagnosis. In contrast, normal aggregation with epi-
nephrine usually predicted normal responses to other
agonists. An overwhelming majority of the patients
with PFD had just primary aggregation with epineph-
rine, reversible aggregation with ADP and most of them
also had low, delayed initiation or decreased slope of
aggregation with collagen and arachidonate. These
abnormalities were usually associated with reduced 14C-
5-HT secretion. Probably, most of these patients have a
defect in platelet signal transduction5 of unknown
nature. Interestingly, 18 patients had only defective
platelet aggregation with different agonists but normal
δ−granule secretion, and in these cases the nature of the
defect is also unknown. Three patients with PFD had δ-
storage pool deficiency,31 and one patient, phenotypical-
ly, had Glanzmann’s thrombasthenia. The mechanism
and clinical relevance of the shortened clot lysis time in
platelet-poor plasma of patients with PFD requires fur-
ther study. It could partially explain the benefit of
antifibrinolytic drugs in some of these patients.11 Given
the lack of relationship between the indices of platelet
dysfunction and bleeding severity, similar to plasma
VWF, we propose that these mild platelet function
defects should also be considered risk factors rather
than univocal causes of bleeding. This is supported by
the observation that aspirin does not induce bleeding in
most healthy individuals despite their acquired PFD. 

Almost 60% of the patients had bleeding of unknown
cause. All hemostatic tests were within normal ranges,
except the prolonged BT in 18.6% of them. The nature,
sites and severity of bleeding in these patients were
similar to those in patients with an established diagno-
sis, including those with the lowest values of VWF.
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This, along with the abnormal BT in a fraction of them,
suggest that BUC is a disorder of primary hemostasis.
The lower mean platelet 5-HT in this population prob-
ably has no clinical meaning. In fact, the overwhelming
majority of these patients had normal platelet 5-HT,
making it unlikely that a slightly lower mean platelet 5-
HT affects platelet function. Moreover, individuals tak-
ing inhibitors of 5-HT reuptake have very low levels of
platelet 5-HT,32 with normal platelet function and no
abnormal bleeding. Lastly, we discarded a storage pool
defect in some patients, as reported:33,34 the platelet
secretion and adenine nucleotide content were normal
in all of them. 

The diagnostic and management problems posed by
these patients are not new, but have received little
attention and study. In outpatient populations with
bleeding disorders,14,35 in patients with epistaxis36 or
menorrhagia,37 between 48.5 and 83% had no laborato-
ry abnormalities to explain their hemorrhages.
Certainly, many of them qualify as having BUC. The
possibility that a substantial fraction of patients with
BUC could have a known disease upon repeated stud-
ies, although unlikely, is being investigated. As shown,
the prevalence of BUC is more than twice that of VWD
and PFD, the best known disorders of primary hemosta-
sis. In this regard, we hypothesize that currently, BUC
represents a distinctive and perhaps heterogeneous
group of disorder(s) of high frequency and unknown
pathogenesis. The addition of low VWF or PFD in a
patient with BUC would unmask or increase the
patient’s bleeding tendency, as described for thrombosis
in patients with two or more risk factors.38 This propos-
al is supported by the finding of combined disease,
(VWD, PFD and clotting factor deficiencies) in 11.5% of
the patients with a known diagnosis, a figure far higher
than expected by chance. Supporting that hypothesis,
aspirin intake triggered bleeding in 25% of patients
with BUC vs. 0.0% in the controls. The analysis of the
BT is also illustrative: 18.6% of patients with BUC had
a prolonged BT; this proportion rose to 39% and 41%
in those with PFD and VWD, respectively, and to
55.6% in those with VWD+PFD. It is possible that new,
yet undiscovered factors, may interact with the known
ones as bleeding triggers.

The indigenous admixture of our population could
probably explain some of the differences between the

results of our study and those performed in pure
Caucasian populations. In fact, in our records spanning
a period of 26 years, we have diagnosed 17 patients
with Glanzmann’s thrombasthenia and two patients
with Bernard-Soulier defects, but only one patient with
type 3 VWD. Furthermore, the relative frequency of
type 2 VWD in our population (about 10%) is signifi-
cantly lower than that reported for pure Caucasian pop-
ulations. 

Currently, we can only speculate on the nature of
BUC. Factors derived from the endothelium which
could affect platelet-vessel wall interactions (e.g., NO,
PGI2), have been shown to prolong the BT,39-41 but their
very short half-lives preclude their detection by current
ex vivo platelet testing. Increased tissue fibrinolytic
activity or yet unknown platelet defects could also par-
ticipate in the hemostatic failure. Clearly, further inves-
tigation and novel tests are needed to reveal the mech-
anisms of bleeding in these patients.
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