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Abstract
Background: The ISTH Bleeding Assessment Tool (ISTH- BAT) has been validated for 
clinical screening of suspected von Willebrand disease (VWD) and for bleeding pre-
diction. Recently it has been validated for subjects with inherited platelet disorders 
(IPD) (BAT- VAL study).
Objectives: To determine whether the ISTH- BAT bleeding score (BS) predicts subse-
quent bleeding events requiring treatment in IPD patients.
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1  |  INTRODUC TION

The ISTH Bleeding Assessment Tool (ISTH- BAT) is a validated clini-
cal diagnostic instrument for mild/moderate bleeding disorders that 
includes data on the frequency and severity of hemorrhagic symp-
toms.1 This tool has been extensively investigated and validated for 
the identification of subjects requiring laboratory evaluation for sus-
pected von Willebrand disease (VWD).2- 4

More recently, several studies have suggested that the ISTH BAT 
is a useful screening tool for inherited platelet disorders (IPD), too.5- 11 
A recent study in a large cohort of patients with a well- defined IPD 
diagnosis showed that the bleeding score (BS) is higher in patients 
with inherited platelet function disorders (IPFD) compared to VWD 

type 1 (VWD- 1), inherited thrombocytopenia (IT), and healthy con-
trols (HC), and that it allows clinicians to differentiate IPFD from HC 
and potentially from IT.9

The ISTH- BAT has also been investigated for bleeding predic-
tion in a prospective observational cohort study in 796 patients 
with VWD. BS was calculated at enrollment and patients were then 
prospectively followed for 1 year recording spontaneous bleeding 
episodes and antihemorrhagic treatment use. A BS > 10 predicted 
hemorrhages requiring therapy, suggesting that the BS may identify 
patients who will benefit from more intensive therapeutic regimens 
and thus inform treatment.12

To date, no systematic studies on the predictive value of the 
ISTH- BAT for future bleeding in IPD have been performed. The aim 

Methods: Patients with IPD, type 1 VWD (VWD- 1) and age-  and sex- matched healthy 
controls enrolled in the BAT- VAL study were prospectively followed- up for 2 years and 
bleeding episodes requiring treatment were recorded.
Results: Of the 1098 subjects initially enrolled, 955 were followed- up and 124 suffered 
hemorrhages during follow- up, 60% of whom had inherited platelet function disorders 
(IPFD). Total number of events was significantly higher in IPFD (n = 235) than VWD- 1 
(n = 52) or inherited thrombocytopenia (IT; n = 20). Events requiring transfusions were 
66% in IPFD, 5.7% in VWD- 1, and 3% in IT. Baseline BS was significantly higher in IPFD 
patients with a bleeding event at follow- up than in those without (p < .01) and the per-
centage of subjects suffering a bleeding event increased proportionally to baseline BS 
quartile. A significant association between the BS and the chance of suffering severe 
bleeding was found in the overall, IPFD, and VWD- 1 populations. Similar results were 
obtained for the pediatric population.
Conclusions: Inherited platelet function disorder patients with high BS at enrollment are 
more likely to suffer from bleeding events requiring treatment at follow- up. Moreover, 
the higher the baseline BS quartile the greater the incidence of subsequent events, sug-
gesting that independently from diagnosis a high BS is associated with a greater risk of 
subsequent hemorrhage.

K E Y W O R D S
bleeding prediction, bleeding score, inherited platelet disorders, mild- moderate bleeding disorders, 
von Willebrand disease

Essentials

• In a prospective study we tested the predictive value of the ISTH Bleeding Assessment Tool 
(ISTH- BAT) for bleeding events in inherited platelet disorders (IPD).

• Baseline bleeding score (BS) was significantly higher in patients with IPD suffering bleeding 
events at follow- up.

• A BS > 6 was associated with enhanced likelihood of suffering bleeding events in inherited plate-
let function disorders (IPFD).

• The ISTH- BAT is useful for bleeding incidence prediction in IPD and to identify cases requiring 
more intensive prophylactic treatment.
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of our study was to ascertain whether the BS predicts the rate of 
subsequent bleeding events requiring treatment in patients with 
IPD.

2  |  METHODS

2.1  |  Inclusion criteria

This prospective study was promoted by the Platelet Physiology 
SSC of the ISTH. The institutional review board of the coordinat-
ing center approved the study (CEAS Umbria, Italy, n.2473/15), each 
center complied with local ethical rules, and all subjects or their legal 
representatives signed a written informed consent.

The study included patients with a diagnosis of IPD confirmed 
according to well- defined laboratory and/or molecular genetic crite-
ria (Table S1 and Table S2 in supporting information), unequivocally 
diagnosed VWD- 1 patients and age-  (±5 years) and sex- matched HC, 
as previously described.13- 15 Both adult and pediatric (≤16 years old) 
subjects were enrolled. Pediatric patients were compared to their 
age-  and sex- matched pediatric controls. We classified IPFD as those 
disorders in which platelet dysfunction was the dominant phenotypic 
feature independently of platelet count, and IT as those disorders in 
which platelet count was the main phenotypic characteristic.15

2.2  |  Follow- up

A physician or another adequately trained health professional admin-
istered the questionnaire at enrollment. All hemorrhagic symptoms 
and related treatments occurring until diagnosis were considered to 
avoid interference by prophylactic treatments applied after diagno-
sis.9 The BS was calculated either manually, using the interpretation 
grid, or automatically using the web- based version (https://bh.rocke 
feller.edu/ISTH- BATR).

Follow- up visits were planned by protocol at 12 and 24 months. 
Subjects who could not be contacted despite repeated attempts 
were considered lost to follow- up and excluded from analysis.

Any bleeding episode requiring medical treatment occurring be-
tween enrollment and end of follow- up was recorded. Participating 
investigators were asked to specify type and date of the bleeding 
events and treatment used to arrest them by filling in a standard-
ized report form (see supporting information). Type or efficacy of 
prophylactic treatments applied to prevent surgical bleeding were 
instead not recorded.

2.3  |  Statistical analysis

Data are reported as medians and 25th to 75th percentiles (interquar-
tile range [IQR]) when continuous, and counts and percentages when 
categorical. Logistic regression was applied to assess correlations. BS 
values were used for the zero- inflated Poisson regression model to 

assess relationship between BS and number of bleeding episodes.16 
Bleeding- free survival time was computed with the Kaplan- - Meier 
method and Kaplan– Meier life tables were created to estimate cumu-
lative incidence rates (IRs) of bleeding events at follow- up. A multivari-
able Cox regression analysis was used to calculate the risk of a severe 
bleeding event, expressed as odds ratio (OR) with 95% confidence 
interval (CI) (predictive variables: age, annual bleeding rate [ABR], 
median number of treatments, ISTH- BAT). ABR was calculated as the 
number of bleeding episodes requiring treatment occurring during the 
observation time, that is, ABR = number of events/Δt. Percentage of 
subjects with bleeding events and ABR in the overall study popula-
tion were calculated excluding HC because no bleeding events were 
reported in HC. Moreover, for the IPFD population patients with the 
Quebec platelet disorder (n = 7) were excluded, because after diagno-
sis they received systematic prophylaxis with antifibrinolytics which 
abolished all bleeding manifestations.17- 19 A two- sided p < .05 was con-
sidered statistically significant. The IBM SPSS Statistics v.25 software 
was used for all analyses.

3  |  RESULTS

3.1  |  Patient characteristics

Of the 1098 subjects initially enrolled, 143 were lost to follow-
 up and 11 died during the first (n = 8) or second year of follow- up 
(n = 3) for causes different than bleeding. Therefore, 955 subjects 
(558 women), with a median age of 39 years (IQR 26– 52), were 
evaluated for this study. Of these 174 were IPFD (89% of the pa-
tients initially enrolled), 274 IT (96%), 231 VWD- 1 (76%), and 276 
HC (88%; Table S3 in supporting information); 843 subjects were 
adults (median age 42 years, IQR 30– 52) and 112 pediatric (median 
age 11 years, IQR 7.2– 14).

Median follow- up was 24.6 months (IQR 24– 29). Median base-
line BS was 9 (IQR 6– 14) in the IPFD group, 5 (IQR 2– 7) in VWD- 1, 1 
(IQR 0– 3) in IT, and 0 in HC (IQR 0– 1; all comparisons were signifi-
cantly different; p < .001 one- way analysis of variance).

3.2  |  Bleeding events at follow- up

One hundred twenty- four subjects (13%) suffered bleeding events 
requiring treatment during follow- up, 60 (48.4%) had a single event 
and 64 (51.6%) had multiple bleeding episodes from different sites. 
Of these 77 were IPFD (62%), 31 VWD- 1 (25%), 16 IT (13%), and 0 
HC. A significantly higher fraction of the subjects suffering hemor-
rhages during follow- up were IPFD, compared to the other groups 
(Figure 1A). One patient, with Gray platelet syndrome, died from 
gastrointestinal bleeding during the first year of follow- up. Among 
patients experiencing hemorrhages 35 (30%) were pediatric and 78 
(63%) females (p < .0001 vs. male).

Total number of events was 307: 235 in IPFD, 52 in VWD- 1, and 
20 in IT (Figure 1B) and median number of events per patient among 

https://bh.rockefeller.edu/ISTH-BATR
https://bh.rockefeller.edu/ISTH-BATR
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bleeders was two in IPFD (IQR 1– 5), one in VWD- 1 (IQR 1– 2), and one 
in IT (IQR 1– 1.75). Of the events recorded, 260 (84.7%) were spon-
taneous and 47 (15.3%) traumatic. The distribution of spontaneous 
events in the various groups was similar to that of total events (81.5% 
in IPFD, 5.3% in IT, and 13.2% in VWD- 1) while traumatic events 
were 49% in IPFD, 12.7% in IT, and 38% in VWD- 1 suggesting that 
VWD- 1 patients are more likely to bleed after traumatic events than 
spontaneously. The ABR was significantly higher in IPFD compared 
to VWD- 1 and IT. Given that 39% of IPFD patients had Glanzmann 
thrombasthenia (GT), notoriously a severe disorder,12,13,20,21 we 

recalculated the ABR excluding GT showing still significantly higher 
ABR in IPFD than IT, but no longer than VWD- 1 (Figure 1C).

In the overall study population, the most frequent hemorrhagic 
event was epistaxis, followed by oral cavity bleeding and menorrha-
gia. However, the type of event tended to differ between groups, 
the most frequent in IPFD being epistaxis followed by oral cavity and 
gastrointestinal bleeding, in IT menorrhagia followed by epistaxis 
and surgical or post- traumatic bleeding, and in VWD- 1 menorrhagia 
followed by oral cavity bleeding and epistaxis (Figure S1A,B in sup-
porting information).

Bleeding events after invasive procedures (surgery, tooth ex-
tractions, and post- partum) were only 33, not allowing a subanalysis.

Bleeding requiring transfusions represented 66% of the events 
in IPFD (73% platelets, 11% red blood cells [RBC], 16% both), 5.7% 
in VWD- 1 (33% platelets, 66% RBC), and 3% in IT (83% platelets; 
p < .0001).

3.3  |  ISTH- BAT BS as a predictor of bleeding

In the overall study population, median BS at enrollment was signifi-
cantly higher in subjects who suffered bleeding during follow- up (8, 
IQR 5– 13) compared to subjects who did not (2, IQR 0– 5; p < .0001). 
Similarly, the BS was significantly higher in IPFD with a bleeding 
event at follow- up (11, IQR 8– 15) than in IPFD without (8, IQR 4– 13; 
p < .01) and in IT with a bleeding event at follow- up (3, IQR 1.25– 
8.25) than in IT without (1, IQR 0– 3; p < .05). No difference was 
found in the VWD- 1 group (Figure 2). The BS did not differ between 
subjects with one single and with multiple bleeding events at follow-
 up (median 8, IQR 3– 13 vs. 8, IQR 7– 12.75, respectively, p = ns).

Moreover, the percentage of subjects with a bleeding event 
increased proportionally to baseline BS quartile (Figure 3). Also, 
the ABR increased proportionally with the BS quartile, but only in 
the overall and in the IPFD populations (Figure S2 in supporting 
information).

Using the Poisson regression model, a significant association be-
tween ISTH- BAT BS and number of events at follow- up was found in 
the overall population, in the IPFD population (p < .001), and in the 
IT population (p < .005). Moreover, a significant association between 
ISTH- BAT BS and ABR was found in the overall population, in IPFD 
(p < .05), and in IT (p < .005).

A BS of >5 in the overall population predicted bleeding events 
with moderate accuracy (area under the curve [AUC] = 0.86), >6 in 
IPFD with low accuracy (AUC = 0.63), >1 in IT with moderate ac-
curacy (AUC = 0.77), and >3 in VWD- 1 with moderate accuracy 
(AUC = 0.72; Figure S3 in supporting information). The likelihood 
to suffer a severe bleeding event was significantly higher in the 
overall population, in IPFD, and in VWD- 1 when the BS was above 
the respective identified cut- off value (Figure S4 in supporting 
information).

Bleeding event- free survival time was significantly shorter in 
subjects belonging to the highest baseline BS tertile than those in 
the lower two tertiles, in the overall study population (Figure S5A in 

F I G U R E  1  Bleeding events at follow- up in the study population. 
A, Subjects with bleeding events (%) in the different groups; (B) 
percentage of total bleeding events in the different groups (events 
occurring in patients with Glanzmann thrombasthenia (GT) are 
highlighted by stripes); (C) annual bleeding rate (ABR; mean number 
of events per year ± SEM) in the different groups. HC, healthy 
controls; IPFD, inherited platelet function disorder; IT, inherited 
thrombocytopenia; VWD- 1, von Willebrand disease type 1. Bars 
show statistically significant differences between groups (p < .05 
at least)
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supporting information). Moreover, it was significantly shorter in the 
IPFD group than in IT and VWD- 1 (Figure S5B).

3.4  |  Antihemorrhagic treatments used to treat 
bleeding events

In the overall study population, antifibrinolytic agents (AF) and 
platelet transfusions, alone or in combination, were the most used 
treatments (Figure S6 in supporting information). Platelet trans-
fusions in combination with AF were significantly more used in 
patients with higher baseline BS than in patients with lower base-
line BS (mean 10.9%, 95% CI 9.9– 11.9 vs. 9.3%, 95% CI 8.6– 9.9, 
p < .05).

The use of >1 antihemorrhagic treatment was more frequent 
in patients with severe bleeding events in the overall population 
(AUC = 0.7, p < .0001) and in the VWD- 1 population (AUC = 0.8, 
p < .007). The administration of >2 treatments was more frequent in 
patients with severe bleeding events in the IT population (AUC = 0.8, 
p < .027).

3.5  |  Pediatric population

One hundred twelve patients aged <16 years (85% of the pediatric 
patients initially enrolled, 53 females) had follow- up: 39 (88%) with 
IPFD, 29 (93%) with IT, 21 (65%) with VWD- 1, and 23 (92%) HC. 
Median follow- up was 24.7 months (IQR 24– 28.5).

Median baseline BS was 8 for IPFD (IQR 6– 11), 4 for VWD- 1 (IQR 
1.5– 6), 1 for IT (IQR 0– 2.5), and 0 for HC (IQR 0– 1; p < .001 IPFD vs. 
IT and HC; p < .01 VWD- 1 vs. HC, p < .05 IPFD vs. VWD- 1).

Thirty- five subjects (31%, 19 females) had bleeding events 
during follow- up (29 IPFD, 5 VWD- 1, and 1 IT), 7 of whom one and 
28 multiple (20% and 80%, respectively). In the IPFD group 74% had 
a bleeding event, 24% in VWD, and 3.4% in IT.

The total number of events was 141 (126 in IPFD, 13 in VWD- 
1, and 2 in IT), 82 of which (58%) occurred in females, and median 
number was 4 in IPFD (IQR 2– 6), 3 in VWD- 1 (IQR 1– 4), and 2 in 
IT (IQR 2– 2). The ABR was significantly higher in IPFD compared 
to IT and VWD- 1, but after the exclusion of GT (61% of the IPFD) 
it was no longer significantly different (Figure S7 in supporting 
information).

In the overall study population, BS at enrollment was signifi-
cantly higher in subjects suffering a bleeding event at follow- up (8, 
IQR 8– 11) compared to subjects not (1, IQR 0– 3; p < .0001).

In the overall pediatric population, a BS of >7 predicted bleeding 
events with high accuracy (AUC = 0.91; p < .001).

The most frequent hemorrhagic event was epistaxis, followed by 
oral cavity and cutaneous bleeding (Figure S8 in supporting infor-
mation). Eleven events (7.8%) were menorrhagia (nine in IPFD and 
two in VWD- 1), but the median BS of patients with bleeding events 
calculated after the exclusion of fertile females did not change (8, 
IQR 6.5– 11).

Transfusions were used significantly more frequently in IPFD pa-
tients than in all the other groups, with 72% of the patients and 70% 
of the events treated with transfusions (73% platelets, 12% RBC, 

F I G U R E  2  ISTH Bleeding Assessment Tool (ISTH- BAT) bleeding score (BS) in subjects with or without bleeding events at follow- up in the 
different groups. Data are medians and interquartile ranges. *p < .05; **p < .01, ***p < .0001.
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15% both) versus 37% of the patients and 30% of the events in IT 
(66% platelets, 17% RBC, 17% both) and only one patient in VWD- 1 
(20%, 7.7% of the events).

In the overall pediatric population, AF and platelet transfusions, 
alone or in combination, were the most used treatments. The combi-
nation was used more frequently in patients with higher baseline BS 
than in patients with lower baseline BS (mean 11.4%, 95% CI 10.1– 
12– 7 vs. 8.9%, 95% CI 8.1– 9.7, p < .05).

4  |  DISCUSSION

The main goal of the prospective arm of this international obser-
vational cohort study was to assess the predictive value of the 
ISTH- BAT BS for subsequent bleeding events requiring treatment 
in patients with IPD.

Our study shows that a high BS at enrollment is associated with 
higher incidence of subsequent hemorrhage requiring treatment in 
IPFD and in IT and that the rate of bleeding events increases pro-
portionally to baseline BS quartile in IPFD. Moreover, in the overall 
study population, including IPD, VWD- 1, and HC, the BS of subjects 
with a bleeding event at follow- up was significantly higher compared 
to subjects without events. Accordingly, in the overall population the 
higher was baseline BS quartile the greater the incidence of sub-
sequent events. These findings suggest that, independently from a 
specific diagnosis, a high BS is associated with a greater risk of sub-
sequent hemorrhagic events.

The incidence of bleeding events was particularly high in IPFD, 
with 60% of patients having at least one event over a 2- year obser-
vation period. Moreover, the frequency of bleeding events requiring 
transfusions was significantly higher in the IPFD compared to the 
other groups, confirming that IPFD are associated with a significant 
bleeding risk.9,15,22 Our data also provide evidence that a high BS 
may identify subjects suffering subsequent bleeding events requir-
ing platelet transfusions in the overall population.

An ISTH- BAT BS > 10 was reported to predict bleeding requiring 
replacement therapy in patients with VWD.12 At variance with that, 
in our study the ISTH BAT did not predict subsequent bleeding in 
VWD- 1; however, Federici et al. studied all VWD subtypes, including 
the more severe types 2 and 3.12 In that study VWD- 1 patients rep-
resented only 57% of the cohort and had a median BS of 4, similar to 
our VWD- 1 population, while types 2 and 3 had BS ranging from 5 to 
14.11 Thus, our results are compatible with those previously published 
in VWD and suggest that the ISTH BAT does not predict subsequent 
bleeding in VWD- 1 patients with a low BS.1 Indeed, there is consensus 
that the BS should be ≥4 in adult males and ≥6 in adult females in order 
to reliably select subjects with strong clinical suspicion of VWD.1

In our study results in the pediatric subgroup did not differ from 
those in the adult population, suggesting that the ISTH BAT is a valu-
able predictor of bleeding also in pediatric subjects.

The present study, involving 955 subjects with 2 years of fol-
low- up, represents the largest prospective systematic investigation 
of the predictive value of the ISTH- BAT BS for subsequent clinically 
relevant bleeding.

F I G U R E  3  Subjects with bleeding events in the different groups according to quartile of bleeding score (BS) at enrollment. Bars show 
statistically significant differences between quartiles (p < .05 at least)
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Strengths of our study are the large study population, the rela-
tively low number of subjects lost to follow- up, the very stringent in-
clusion criteria, the enrollment of pediatric cases, and the worldwide 
representation. Limitations are the preponderance of GT patients in 
the IPFD group, the lack of information about the intensity of anti-
hemorrhagic treatments used (dose and duration) and thus of their 
correlation with the BS, and the lack of information relating the BS 
with results of platelet function tests; however, an ad hoc designed 
substudy is ongoing and may provide this information. Moreover, we 
did not collect information about factors that might influence the 
bleeding tendency, such as anemia, hematocrit, iron deficiency, and 
use of hormonal contraceptives in women.

In conclusion, patients with a bleeding disorder and a high BS, 
and in particular patients with IPFD, are more likely to suffer on fol-
low- up a bleeding event requiring treatment, and to require platelet 
transfusions. Therefore, the ISTH- BAT is a useful and reliable tool to 
help in the prediction of future bleeding events in patients with IPD 
and may help to identify cases requiring more intensive treatment.

Subjects with a defined IPFD should have their ISTH BAT BS 
measured at diagnosis and those with a value above the 6 point 
threshold should be closely monitored and more strongly prophy-
laxed on occasion of surgery, invasive procedures, or situations at 
bleeding risk.
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