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Abstract

Background: Joint bleeding in hemophilia may eventually lead to joint damage. In non-
severe hemophilia, joint bleeds occur infrequently. Currently, knowledge on the joint
status of patients with nonsevere hemophilia using objective imaging is limited.
Objective: To investigate the joint status in patients with nonsevere hemophilia A.
Methods: This cross-sectional study included patients with nonsevere hemophilia A
aged 24-55 years. Joint status was assessed by magnetic resonance imaging (MRI)
of the elbows, knees, and ankles and International Prophylaxis Study Group (IPSG)
scores were calculated. Lifetime joint bleeding history was collected from medical
files. The contribution of factors to joint outcome was explored using multivariable
linear regression analysis.

Results: In total, 51 patients were included, of whom 19 (37%) had moderate and 32
(63%) had mild hemophilia. Patients had a median age of 43 years (interquartile range
[IQR] 32-50), a median factor VIII activity of 10 1U/dI (IQR 4-16) and a median annual
joint bleeding rate (AJBR) of 0.0 (IQR 0.0-0.2). Soft-tissue changes (IPSG subscore >
0) in the elbows, knees, and ankles were present in 19%, 71%, and 71% of patients, re-
spectively. Osteochondral changes (IPSG subscore > 0) in the elbows, knees, and an-
kles were present in 0%, 20%, and 35% of patients, respectively. In 14% of bleed-free
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1 | INTRODUCTION

Hemophilia A is an X-linked inherited coagulation disorder that is
caused by a deficiency in functional clotting factor VIII (FVIII). The
severity of disease is based on the residual FVIII activity and clas-
sified into a severe (<1 1U/dl), moderate (1-5 1U/dl), and mild form
(>5-<40 I1U/dI).! Patients with severe hemophilia may experience
spontaneous bleeds, whereas patients with moderate and mild (non-
severe) hemophilia generally suffer from bleeds provoked by trauma.

In hemophilia, joint bleeding is considered the hallmark of dis-
ease and typically affects the elbows, knees, and ankles.?® Intra-
articular blood induces several processes characterized by iron
accumulation, synovial proliferation, and angiogenesis that may
progress into chronic synovitis or osteochondral damage.“'5 Such
late-stage hemophilic arthropathy is a severe complication associ-
ated with pain, disability, and impaired quality of life.>® Although
significant arthropathy is predominantly observed in patients with
severe hemophilia, previous research has also reported joint prob-
lems in patients with nonsevere hemophilia.” *°

Different modalities exist to assess joint status in hemophilia.
For evaluation of clinical function, one of the assessments is the
Haemophilia Joint Health Score (HJHS).!! For imaging of the joints,
conventional radiography has traditionally been the standard in he-
mophilia, although a drawback is the insensitivity to early joint ab-
normalities. Ultrasound is noninvasive and can accurately visualize
the synovium but has limited ability to assess the central joint areas.
Magnetic resonance imaging (MRI) enables improved visualization be-
cause soft-tissue changes are visible in all areas and is therefore consid-
ered the most sensitive method for detecting early joint alterations.'?13

MRI studies in severe hemophilia that reported joint abnormal-
ities in patients without a history of overt joint bleeding suggest
that even subclinical bleeds may result in joint deterioration.!**>
Furthermore, some patients exhibited structural damage in spite
of a limited number of experienced clinical joint bleeds.'*¢ These
findings raise concerns that patients with a history of sporadic or
even no clinical joint bleeds may be at risk for development of joint
damage, calling for more intensive monitoring or treatment to halt
further progression.

Because most research has focused on severe hemophilia,
knowledge on the extent of joint damage in patients with non-
severe hemophilia is limited. Moreover, such data could also be rele-
vant for severe patients with treatment targets within the nonsevere
range. Because no previous MRI studies have been conducted in this
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joints, hemosiderin depositions were observed. Age and AJBRs were most strongly
associated with the IPSG score.
Conclusion: This study demonstrates that a substantial proportion of adults with non-

severe hemophilia has joint changes on MRI despite low joint bleeding rates.

hemarthrosis, hemophilia A, joint diseases, joints, magnetic resonance imaging

Essentials

e Patients with non-severe hemophilia A (HA) generally
experience no or sporadic joint bleeds.

e Joint status was assessed with magnetic resonance im-
aging (MRI) in adults with non-severe HA.

e |n ankles, soft tissue changes were seen in 71% and os-
teochondral changes in 35% patients.

o Hemosiderin depositions were detected in 14% of joints

without a history of joint bleeding.

population, objective imaging studies in the evaluation of joints in
patients with nonsevere hemophilia are urgently required.

Therefore, the primary aim of this study is to investigate the joint
status in patients with nonsevere hemophilia A using MRI of elbows,
knees and ankles. The secondary aim of this study is to explore fac-
tors contributing most strongly to observed joint changes.

2 | METHODS
2.1 | Design and setting

The DYNAMO study is a multicenter international cohort study
evaluating the bleeding phenotype of patients with nonsevere he-
mophilia. For the present cross-sectional study, a subset of patients
was recruited from two Dutch hemophilia treatment centers located
at the Amsterdam University Medical Center (Amsterdam UMC) and
the Erasmus University Medical Center Rotterdam (Erasmus MC).
Eligible patients were invited for study participation on a random
basis until our target of 50 participants was reached. Enrollment
took place from September 2019 to October 2020. The study was
approved by the institutional review boards of the participating cent-
ers and registered in advance on clinicaltrials.gov (NCT03623295).
Written informed consent was obtained from all included patients.

2.2 | Participants

Male patients with nonsevere hemophilia A (FVIII activity 2-35 1U/
dl) aged 24-55 years were eligible for inclusion. The FVIII activity
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range was set to ensure that only true nonsevere patients were
investigated with less influence of one-off outliers in FVIII meas-
urements. The lower age limit was set to ensure that findings are
not influenced by physiological growth and the upper limit to en-
sure that all participants had lifetime access to cryoprecipitate or
factor concentrate. Exclusion criteria were the presence of another
coagulation disorder, participation in a trial with an investigational
product, use of anticoagulant or antiplatelet agents, a history of in-
hibitory antibodies to FVIII, contraindications for MRI, and presence
of a hemophilia-unrelated comorbidity that could affect joint status,
such as inflammatory joint diseases.

2.3 | Studyoutcomes

The primary outcome of the study was joint status as assessed by
MRI of elbows, knees, and ankles scored with the International
Prophylaxis Study Group (IPSG) score. Soft-tissue changes and os-
teochondral changes were defined as >0 point on the corresponding
subscore. The secondary outcome of the study was the exploration

of potential contributing factors of observed joint changes.

2.4 | Data collection
241 | Imaging

MRI examinations were conducted on a 3Tesla MR scanner (Ingenia;
Omega, Philips Medical Systems) at the Amsterdam UMC during
a single study visit. Patients were first placed in a feet-first supine
position for scanning of both knees and ankles with a large ante-
rior coil. The sequences acquired for knees and ankles were sagit-
tal T1-weighted turbo spin echo images and sagittal and coronal
T2*weighted fast gradient echo images. The elbows were scanned
with the elbow joint placed in the middle of the coil. The sequences
acquired for elbows were sagittal T1-weighted turbo spin echo im-
ages and sagittal and transversal T2*-weighted fast gradient echo
images. The first 10 MRI scans were scored in consensus by two
board-certified musculoskeletal radiologists (R.H. and M.M.) with
9 and 21 years of experience in musculoskeletal MRI, respectively.
Because the initial images were assessed similarly by the two ra-
diologists, subsequent images were scored by one musculoskeletal
radiologist (R.H.). All MRI scans were evaluated blinded to patient
characteristics and scored according to the IPSG score and an MRI
atlas for hemophilic arthropathy.”’18 The IPSG score consists of a
soft-tissue component (effusion/hemarthrosis, synovial hypertro-
phy, hemosiderin deposition) with a maximum of 9 points per joint
and an osteochondral component (surface erosions, cysts, cartilage
degradation) with a maximum of 8 points per joint. Higher scores are
associated with more abnormalities. As a result, the maximum score
is 17 points per joint and 102 points when all 6 joints are evaluated.
Because lower cutoff values for the surface measurements of effu-
sion and synovial hypertrophy are lacking in literature, these were

defined as 0.50 cm? for knees and as 0.25 cm? for ankles and elbows

in accordance with previous work by Foppen et al.'’

2.4.2 | Clinical function

The clinical function of joints was assessed at the same day of the
MRI examinations and scored according to the HJHS version 2.1 by
two physicians (A.Z. and F.K.) trained in advance by physiotherapists
with expertise in the field of hemophilia. The HJHS assesses swell-
ing, muscle atrophy, crepitus on motion, range of motion, joint pain,
strength, and gait. As a result, the maximum scores are 20 points per
joint and 124 points in total (including gait score). The presence of
an abnormal HJHS subscore was defined as >1 point per joint. This
cutoff was chosen based on the interquartile ranges of the HJHS in

healthy males.?°

2.4.3 | Retrospective clinical data

The following data were collected from medical files: demograph-
ics, lifetime lowest FVIII activity, body mass index (BMI), history of
joint surgery, treatment regimen, and information on all lifetime joint
bleeding events including cause and treatment of bleeds. BMI was
calculated from the highest measured weight and height in the past
10 years. Joint bleeding events were defined as bleeds that occurred
in elbows, wrists, shoulders, knees, hips, or ankles and classified as
such by the treating physician. Annual joint bleeding rates (AJBRs)
were derived for the duration from the period 1 January 2009 until
the study visit and calculated as: (total number of joint bleeding epi-
sodes during follow-up / follow-up in months) x 12. Further defini-

tions are described in the supplemental materials.

2.4.4 | Patient-reported data

All patients completed an online questionnaire on the day of the
study visit and were asked to provide details on all physical exer-
cises they perform in a typical 7-day period for more than 15 min. A
total activity score was calculated based on the Godin Leisure-Time
Exercise Questionnaire and classified into sedentary, moderately
active, and active.?! More information on the Godin Leisure-Time

Exercise Questionnaire can be found in the supplemental materials.

2.5 | Statistical analysis

Continuous data were presented as medians and interquartile
range (IQR) and categorical data as frequencies and/or per-
centages. Differences between moderate and mild hemophilia
severity was assessed for IPSG and HJHS scores using Mann-
Whitney U tests; prevalence ratios were given for the presence
of osteochondral damage. Subgroup analyses were performed
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for observed IPSG items categorized for age <40 and >40 years.
Associations between contributing factors and IPSG scores were
explored through scatterplots and univariable linear regression
analyses. The following variables were evaluated: age, FVIII ac-
tivity, moderate vs. mild hemophilia, AJBR, cumulative number
of lifetime joint bleeds, history of a joint bleed, BMI, and activ-
ity score. Patients with an incomplete lifetime joint bleed history
were removed from analyses that required data on cumulative
lifetime joint bleeds. Multivariable linear regression analyses
were performed with the variables age, FVIII activity, AJBR, BMI,
and activity score. These variables were selected based on the
results of the univariable analyses and clinical relevance. We ap-
plied stepwise backward elimination and variables were removed
if p > .20. All statistical analyses were performed for the total
scores and on joint level. Sensitivity analyses for the regression
analyses were performed for IPSG score without effusion. The
analyses were performed using SPSS 25 (IBM SPSS Statistics,
Chicago, IL, USA).

2.6 | Data sharing statement

For original data, please contact c.j.fijnvandraat@amsterdamumc.nl.

3 | RESULTS

In total, 161 patients were eligible for study recruitment. After ran-
dom recruitment of 51 patients, the study population target was
reached. The 110 nonparticipants did not differ in age and FVIII lev-
els in comparison with the 51 participants. MRIs were evaluated of
96 elbows (48 patients), 102 knees (51 patients), and 101 ankles (51
patients). One ankle joint was unevaluable because of a spontaneous
arthrodesis and in three patients elbow scanning was not performed
because of claustrophobia.

3.1 | Clinical characteristics

The 51 included patients had a median age of 43 years (IQR 32-50)
and a median FVIII activity of 10 1U/dI (IQR 4-16). Additional patient
characteristics are summarized in Table 1 for patients with moder-
ate (n = 19) and mild hemophilia (n = 32) separately. Patients with
moderate hemophilia had lower activity scores but were of similar
age when compared with patients with mild hemophilia. The propor-
tion of patients who had experienced a bleed in an elbow, knee, or
ankle was 20%, 53%, and 57%, respectively. A larger proportion of
patients with moderate hemophilia experienced bleeds in the elbow,
knee, and ankle in comparison to patients with mild hemophilia
(47% vs. 3%; 74% vs. 41%; and 74% vs. 47%, respectively). In 110 of
247 (45%) reported joint bleeds, a cause was known, in which 24%
(n = 26) was spontaneous, 66% (n = 73) trauma-induced, and 10%
(n = 11) activity-related.

jtj“ | 1129
3.2 | Joint outcome

The median IPSG score was 4 (IQR 2-9) in the total cohort. Soft-tissue
changes in the elbows, knees, and ankles were present in 19%, 71%,
and 71% of patients, respectively. When effusion was omitted from
the calculation, the remaining soft-tissue items hemosiderin and syno-
vial hypertrophy were present in elbows, knees, and ankles in 15%,
3%, and 53% of patients, respectively. Osteochondral changes in the
elbows, knees, and ankles were present in 0%, 20%, and 35% of pa-
tients, respectively. Figure 1 presents the IPSG scores per joint per
item for the total cohort. When present, abnormalities were seen bi-
laterally in 33% of elbows, 76% of knees, and in 44% of ankles. For
patients with moderate and mild hemophilia, the median IPSG-scores
were 7 (IQR 2-12) and 4 (IQR 2-7), respectively (p = .132). In the
knees, osteochondral changes were observed in 16% of patients with
moderate hemophilia and in 22% of patients with mild hemophilia
(prevalence ratio 0.7; 95% confidence interval [Cl], 0.2-2.5). In the
ankles, osteochondral changes were seen more frequently as 47% and
28% of patients with moderate and mild hemophilia had these changes
(prevalence ratio 1.7; 95% Cl, 0.8-3.5). Osteochondral changes were
observed in ankles of both patients aged <40 and >40 years but were
only observed in the knees in patients aged >40 years (Table S3).

The median HJHS score was 3 (IQR 2-7) in the total cohort, 7
(IQR 4-11) in patients with moderate, and 2 (IQR 1-4) in patients
with mild hemophilia (p < .001). Figure 2 presents the HJHS scores
per item for the total cohort. The most frequently scored items in
knees and ankles were crepitus on motion (67% and 14%), flexion
loss (15% and 11%), and extension loss (8% and 13%). The HJHS sub-
score in joints with osteochondral changes on MRI was abnormal in
47% of knees and in 46% of ankles.

3.3 | Exploration of risk factors on joint outcome

Scatterplots between potential risk factors and the total IPSG
score are presented in Figure 3. In the multivariable analyses, age
and AJBR were significantly associated with the total IPSG score
(Table 2). For each year of age, the total IPSG score increased by
0.22 (95% Cl, 0.08-0.36). Additionally, an increase of 1.0 in AJBR
led to an increase in 10.94 (95% Cl, 5.92-15.97) of the IPSG score.
For the knees, mainly age and AJBR were associated with exhibited
joint changes. For the ankles, age, FVIII activity, and AJBR were as-
sociated with joint status. Sensitivity analyses for the IPSG score
without effusion yielded similar associations. The complete list of all
univariable analyses (including elbows) and sensitivity analyses are

presented in the supplemental materials.
3.4 | Joint outcome according to joint
bleeding history

The lifetime clinical joint bleed history was known for 229 of
299 evaluated joints. The MRI findings of 149 joints (65%) with
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TABLE 1 Demographic and clinical

Moderate hemophilia Mild hemophilia Total cohort . e
n=19 n=32 n=51 patient characteristics
Age,y 43(38-50) 42 (29-50) 43(32-50)
FVIII activity, IU/dI 4 (2-4) 14 (10-18) 10 (4-16)
Treatment regimen
Full prophylaxis 1(5) 0(0) 1(2)
Intermittent prophylaxis 2(11) 0(0) 2(4)
On demand 16 (84) 32 (100) 48 (94)
BMI, kg/m? 28 (24-30) 25 (24-28) 26 (24-28)
Activity score (GLTEQ)
Sedentary 7 (37) 6(19) 13 (26)
Moderately active 5(26) 4 (13) 9(17)
Active 7(37) 22 (69) 29 (57)
History of joint surgery? 3(16) 0(0) 3(6)
Joint bleeding history
Zero joint bleeds®
Any joint 1(5) 10 (31) 11(22)
Elbows 3(16) 26 (81) 29 (57)
Knees 2(11) 17 (53) 19 (37)
Ankles 2(11) 14 (44) 16 (31)
Lifetime cumulative joint
bleeds®
Any joint 12 (5-23) 1(0-2) 2(0-7)
Elbows 1(0-2) 0(0-0) 0(0-0)
Knees 5(1-7) 0 (0-1) 0(0-2)
Ankles 5(1-9) 0(0-1) 1(0-2)
AJBRY 0.2 (0.0-0.4) 0.0(0.0-0.1) 0.0 (0.0-0.2)

Note: Values are given in medians and interquartile ranges (IQR) or n (%).

Abbreviations: AJBR, annual joint bleeding rate; BMI, body mass index; F, factor; GLTEQ, Godin

Leisure-Time Exercise Questionnaire.

In two patients debridement of an ankle, in one patient meniscus surgery of a knee.

bUnknown in 12 patients (seven moderate, five mild) for specific data on elbows. Unknown in five
patients (three moderate, two mild) for specific data on knees. Unknown in six patients (three

moderate, three mild) for specific data on ankles.

‘Unknown in 16 patients (10 moderate, six mild) for specific data on any joint and ankles. Unknown

in 15 patients (10 moderate, five mild) for specific data on elbows and knees.

9Median follow-up in all 51 included patients was 11 years (IQR 11-12).

a negative and 80 (35%) joints with a positive lifetime history
of joint bleeding are presented in Table 3. In the 149 bleed-free
joints, hemosiderin depositions were observed in 21 (14%) joints
and osteochondral changes were detected in 13 (9%) joints. In
the 80 joints in which bleeding occurred, hemosiderin deposi-
tions were seen in 19 (24%) and osteochondral changes in 23
(29%) joints. Joints with hemosiderin deposits had more recently
suffered from a bleed than joints without hemosiderin (median 4
[IQR 3-8] and 16 [IQR 5-23] years ago, respectively). Focusing
on joint abnormalities in bleed-free joints at an individual patient
level, 17 patients demonstrated soft-tissue or osteochondral ab-
normalities (effusion excluded) in a bleed-free joint. These pa-
tients had a median age of 49 years (IQR 37-52), a median factor
level of 15 1U/dI (IQR 10-20), and 15 had mild hemophilia (88%).

Figure 4 presents examples of MRI examinations of joints with no
history of bleeds.

4 | DISCUSSION

In this cross-sectional study, we explored the joint status in 51 pa-
tients with nonsevere hemophilia A aged 24-55 years. Despite a low
frequency of joint bleeds, a substantial proportion of this popula-
tion presented joint changes on MRI, the ankles being most affected.
This is consistent with previous MRI studies in severe hemophilia
that also reported worse joint outcome for ankles compared with
knees and elbows.**>?223 | our explorative analysis, age and joint

bleeding rates were significantly associated with deterioration of
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Q  40% Q  40%
e e
[ Q
& 20% 8 0%
0% — 0% —
Effusion Synovial Hemosiderin  Surface Cysts Cartilage Effusion Synovial Hemosiderin  Surface Cysts Cartilage
hypertrophy erosions degradation hypertrophy erosions degradation
| score>0 | 13% 2% 8% 0% 0% % | | score>0 | 0% 0% 3% 1% a% 15%
Item Score range
Ankles m4m3 02 m1m0 Effusion 03
100% Hemosiderin depositions 0-3
Synovial hypertrophy 0-3
— 80% Surface erosions 0-2
X Subchondral cysts 0-2
& 60% Cartilage degradation 0-4
3
5 40% Total per joint 0-17
=
]
S 0%
0%
Effusion Synovial Hemosiderin  Surface Cysts Cartilage
hypertrophy erosions degradation
| score>0 | 27% 7% 34% 14% 1% 2% |

FIGURE 1

corresponding item. IPSG, International Prophylaxis Study Group.

IPSG scores per item for evaluated elbows (n = 96), knees (n = 102), and ankles (n = 101). The potential ranges in scores per
item are shown in the lower right of the figure. The percentages in the box represent the proportion of joints with an IPSG score >0 for the

Elbows m4m3u2m1m0 Knees m4 W3 w2 W1 WO
100% 100%
— 80% — 80%
& 6% & 60%
© ©
- -
= =
@ 40% o 40%
o o
= 4
& &
20% 20%
0% 0% ||
Swelling  Duration Muscle  Crepitus on Flexion loss Extension Joint pain  Strength Swelling  Duration Muscle  Crepitus on Flexion loss Extension Joint pain  Strength
(swelling)  atrophy motion loss (swelling)  atrophy motion loss
[ score0 | 1% 1% 0% 0% a% 5% 1% o% | [ score>0 [ 2% 2% 2% 67% 15% 8% 0% 0%
Kl . ltem Score range
Ankles 4 E3 52 m1mO Global gait swelling 03
100% 100% Duration (swelling) 0-1
Muscle atrophy 0-2
—_ 80% — 80% Crepitus on motion 0-2
Q
* L Flexion loss 0-3
& 60% & 60% Extension loss 0-3
8 .E Joint pain 0-2
g 0% o 40% Strength 0-4
4 =
) ]
& 20% & 20% Global gait 0-4
0% == 0% -
Swelling ~ Duration Muscle  Crepitus on Flexion loss Extension Joint pain  Strength
(swelling)  atrophy motion loss
[ score>0 | 4% 3% 0% 1% u%  13% 6% s% | [ score>0 [ 3s% |

FIGURE 2 HJHS scores per item for evaluated elbows (n = 102), knees (n = 102), and ankles (n = 102). The global gait score is presented
for all patients (n = 51). The potential ranges in scores per item are shown in the lower right of the figure. The percentages in the box

represent the proportion of joints (or patients for global gait score) with an IPSG score >0 for the corresponding item. HJHS, Haemophilia
Joint Health Score; IPSG, International Prophylaxis Study Group.
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FIGURE 3 Scatterplots of the total IPSG score against (A) age, (B) FVIII activity, and (C) lifetime cumulative number of overt joint bleeds.
A polynomial line of fit is shown. In panel C, the size of the circles correspond to the proportion of patients and one outlier (case with 57

joint bleeds and an IPSG score of 26) was removed to allow more detailed scaling. IPSG, International Prophylaxis Study Group.

TABLE 2 Univariable and multivariable linear regression analyses for total IPSG score and IPSG subscores for knees and ankles

Variables
Total
Age (y)
FVIII activity (1U/dl)
AJBR (elbows, knees, and ankles)
BMI (kg/m?)
Activity score (GLTEQ)
Knees
Age (y)
FVIII activity (1U/dl)
AJBR (knees)
BMI (kg/m?)
Activity score (GLTEQ)
Ankles
Age (y)
FVIII activity (IU/dl)
AJBR (ankles)
BMI (kg/m?)
Activity score (GLEQ)

Univariable

B 95% Cl p
0.14 -0.01-0.30 0.072
-0.17 -0.38-0.05 0.125
8.85 3.56-14.15 0.002
0.14 -0.26-0.54 0.489
-0.01 -0.05-0.05 0.855
0.08 0.03-0.13 0.002
0.04 -0.03-0.12 0.248
2.66 -3.24-8.57 0.369
0.10 -0.03-0.23 0.131
0.01 -0.01-0.02 0.478
0.08 -0.06-0.22 0.265
-0.18 -0.38-0.01 0.058
21.20 7.96-34.43 0.002
0.07 -0.28-0.43 0.684
-0.01 -0.05-0.04 0.780

Note: The 95% confidence intervals (Cls) for the unstandardized coefficients p are shown.

Multivariable

p

0.22

10.94

0.10
0.05
4.47

0.01

0.13

-0.13
21.42

95% Cl

0.08-0.36

5.92-15.97

0.05-0.15
-0.03-0.12
-1.53-10.47

-0.00-0.03

0.00-0.25
-0.31-0.05
8.06-34.78

Abbreviations: AJBR, annual joint bleeding rate; BMI, body mass index; GLTEQ, Godin Leisure-Time Exercise Questionnaire.

0.002

<0.001

<0.001
0.200
0.140

0.106

0.047

0.153
0.002
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TABLE 3 Joint outcome according to lifetime joint bleed history

Positive lifetime joint Left elbow Right elbow Left knee
bleed history n=4 n=7 n=16

IPSG total scores >0

Soft-tissue score 1(25) 2(29) 7 (44)

Osteochondral score 0(0) 0(0) 4 (25)

Total score 1(25) 2(29) 9 (56)
IPSG subitem scores >0

Effusion 1(25) 2(29) 7 (44)

Synovial hypertrophy 1(25) 1(14) 0(0)

Hemosiderin 1(25) 1(14) 1(6)

depositions

Surface erosions 0 (0) 0(0) 1(6)

Subchondral cysts 0(0) 0(0) 1(6)

Cartilage degradation 0 (0) 0(0) 4 (25)
Negative lifetime joint Left elbow Right elbow Left knee

bleed history n=232 n=28 n=25

IPSG total scores >0

Soft-tissue score 2 (6) 6(21) 16 (64)

Osteochondral score 0 (0) 0(0) 3(12)

Total score 2 (6) 6(21) 16 (64)
IPSG subitem scores >0

Effusion 2(6) 6(21) 16 (64)

Synovial hypertrophy 0(0) 0(0) 0 (0)

Hemosiderin 1(3) 5(18) 0(0)

depositions

Surface erosions 0(0) 0(0) 0(0)

Subchondral cysts 0(0) 0(0) 0(0)

Cartilage degradation 0(0) 0(0) 3(12)
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Right knee Left ankle Right ankle Total
n=19 n=15 n=19 n=80
12 (63) 11 (73) 8(42) 41 (51)
4(21) 7 (47) 8(42) 23(29)
14 (74) 11 (73) 9 (47) 46 (58)
12 (63) 6 (40) 3(16) 31(39)
0(0) 1(7) 2(11) 5(6)
1(5) 8(53) 7 (37) 19 (24)
0(0) 3(20) 6(32) 10 (13)
1(5) 3(20) 7 (37) 12 (15)
4(21) 7 (47) 7 (37) 22 (28)
Right knee Left ankle Right ankle Total
n=22 n=21 n=21 n =149
15 (68) 10 (48) 12 (57) 61 (41)
4(18) 4(19) 2 (10) 13(9)
15 (68) 11 (52) 12 (57) 62 (42)
15 (68) 5(23) 7 (33) 51 (34)
0(0) 3(14) 0(0) 3(2)
1(5) 7 (33) 7 (33) 21 (14)
0(0) 2 (10) 0(0) 2(1)
2(9) 3(14) 0(0) 5(3)

4 (18) 3(14) 2 (10) 12 (8)

Note: Values are given in n (%). MRI findings are presented for the 80 and 149 joints with a positive and negative lifetime joint bleed history,

respectively.
Abbreviation: IPSG, International Prophylaxis Study Group.

FIGURE 4 MRI examinations of joints with no history of bleeds. (A) A 44-year-old patient with a FVIII activity of 4.3 IU/dI. Despite no
history of joint bleeds in the left ankle, MRI of this joint shows multiple subchondral cysts and severe osteochondral damage. (B) A 49-year-
old patient with a FVIII activity of 14.8 1U/dl and a history of zero joint bleeds in the ankles. MRI of the left ankle shows a small hemosiderin
deposition (circle). F, factor; IPSG, International Prophylaxis Study Group; MRI, magnetic resonance imaging.

MRI scores. Despite this association, we did observe considerable
discrepancies between clinically evident joint bleeds and joint ab-
normalities. Some patients with a history of numerous bleeds had
unaffected joints, whereas patients with zero overt joint bleeds

demonstrated soft-tissue and osteochondral changes. In previous

studies, it has been hypothesized that subclinical bleeds may ac-
count for unnoticed joint deterioration as weak correlations were
reported between the number of overt joint bleeds and changes as
detected by MR1.¥*1 This is in line with our study because hemosid-
erin depositions were present in 14% of joints without documented
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joint bleeds. Consequently, it remains a challenge to determine

which patients are likely to develop joint damage.

4.1 | Joint status in nonsevere hemophilia

Because this is the first MRI study of the joints in nonsevere hemo-
philia, no comparative MRI data are currently available. For clinical
function, we demonstrated that the median total HJHS scores were 3
(IQR 2-7) in the total cohort and 7 (IQR 4-11) in patients with moder-
ate hemophilia. The latter results are slightly higher compared with the
findings of a study among Nordic patients with moderate hemophilia,
which showed a median HJHS score of 4 (IQR 1-10). This may be ex-
plained by a difference in age because these patients were younger
with a median age of 28 years (IQR 13-52) compared with 43 years
(IQR 38-50) for the patients with moderate hemophilia in the present
study.?* In addition, a higher proportion of their study population re-
ceived prophylaxis (38% vs. 16%), which may have contributed to the
lower scores observed. Similar to their study, the most frequent find-
ings were crepitus on motion and flexion and extension loss.?> Other
recent work detected arthropathy in 37% of patients with mild he-
mophilia using HJHS and ultrasound, in which age and baseline factor
levels were reported as risk factors for presence of arthropathy.?

Previous studies on MRI of the joints in hemophilia have focused
on patients with severe hemophilia. The occurrence of iron accu-
mulation in the joint can lead to a range of pathological processes,
including inflammation and synovial proliferation. Consequently, the
joint becomes more vulnerable to repeated bleeding.® This process
is revealed on MRI by synovial hypertrophy and hemosiderin deposi-
tion. In our population, hemosiderin depositions were seen in 8% of
elbows, 3% of knees, and 34% of ankles. The relevance of these find-
ings were highlighted by Foppen and colleagues; they showed that
synovial hypertrophy, with concurrent hemosiderin in 88%, was pre-
dictive for future bleeding and that all abnormal IPSG findings except
for joint effusion were associated with development of radiographic
joint changes.” It is of interest that in the present study, in 76% of
joints with a positive history of hemarthrosis no hemosiderin deposi-
tions were observed. The bleeds in these joints occurred a median of
16 years before study participation. This confirms the observations
of an earlier study that did not detect hemosiderin in joints with a
bleed that occurred more than 3 years ago.?® Altogether, these data
suggest that hemosiderin may disappear over time and hemosiderin
depositions reflect relatively recent bleeds, and that some of these
patients may be at increased risk for joint deterioration.

Will the MRI findings of our study result in functional joint prob-
lems? This needs further follow-up of our study population, but some
indication can be found in data from surveys. In a recent national
survey in the Netherlands, 24% of nonsevere hemophilia patients re-
ported an orthopedic surgery in the past and 10% specifically under-
went joint replacement.?’” This incidence is higher than in the general
population because the prevalence of a hip or knee joint replace-
ment was 5% in males aged 60+ years.28 These data are also in line
with a Swedish study that demonstrated an increased incidence of

arthropathy diagnosis among individuals with mild hemophilia com-
pared with the general population.” Another study showed that 16
of 34 (47%) adults with nonsevere hemophilia A reported joint pain
and 17 of 33 patients (52%) had ankle arthropathy on x-ray.10 These
observations suggest that some of the joint changes could lead to
subsequent joint impairment later in life.

4.2 | Joint status in the general population

Comparison of our results with data from a healthy population may
provide insight into the clinical relevance of the observed findings.
Unfortunately, there is a paucity of studies using similar hemophilia-
specific scoring tools in healthy males. Only one study group eval-
uated the HJHS and additive MRI score in a cohort of 30 healthy
men.?° The participants had a median HJHS score of O (range 0-3)
and all had a MRl score of 0. However, these healthy men were aged
18-26 years and therefore substantially younger than our study co-
hort aged 24-55 years. Furthermore, joint effusion was not part of
the MRl score used. There is debate on the relative importance of this
item, as a previous study demonstrated similar to even higher posi-
tive effusion scores in healthy active men compared with hemophilia
patients.?’ Also in our study, effusion was often present in knees and
to a lesser extent in ankles. However, soft-tissue changes other than
effusion were still detected in ankles in 53% of all patients.

In the general population, previous MRI studies in asymptomatic
adults revealed that knee abnormalities are relatively common and
progressively increase with age. In a systematic review, the estimated
prevalence of cartilage defects on MRI was 11% and 43% in adults
aged <40 and 240 vyears, respectively. Furthermore, the prevalence
of subchondral cysts ranged from 0% to 24%.%° For ankles, few MRI
studies have been conducted in asymptomatic joints. One previous
study in middle-aged healthy individuals demonstrated that cartilage
loss and subchondral cysts were both present in 1.5% of ankle joints,
which implies that such lesions are overall uncommon.* Articular he-
mosiderin has been described in individuals without hemophilia, al-
though rarely and to our knowledge only in case reports.>?~3* Based
on these data, we hypothesize that the majority of the MRI abnor-
malities found in the ankles of our study population are truly signs
of hemophilia-related changes, whereas observed knee lesions may
reflect normal age-related joint degeneration to a greater extent. This
is in line with the low prevalence of ankle osteoarthritis and the high
prevalence of knee osteoarthritis in the general population.3>¢ The
low frequency of primary joint degeneration of ankles in the general
population was also confirmed by a study investigating donor joints,
reporting no ankle degeneration in absence of abnormalities in the
knees.>” Moreover, our hypothesis is supported by our finding that
34% of ankles had hemosiderin deposits compared with 3% of knees.
In addition, we found that in patients aged <40 years osteochondral
changes were observed in ankles but not in knees. And finally, the as-
sociation between AJBR and ankle scores was much stronger in com-
parison to knee scores (p 21.42 with 95% Cl, 8.06-34.78 vs. § 4.47
with 95% Cl, -1.53 to 10.47).
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4.3 | Strengths and limitations

This is the first study with a specific focus on joint assessment using
MRI in nonsevere hemophilia. All investigations were performed by
the same investigators during one study visit, thereby limiting po-
tential inter-reader variability or differences associated with another
setting. Another key strength in our study is that we performed MRI
of the elbows, knees, and ankles and therefore were able to give a
complete overview of the joint status. For the patients included, all
lifetime joint bleeds were collected from the medical files, irrespec-
tive of treatment provided for bleeds. Although it is unlikely that
clinically evident joint bleeds were missed by this approach, we ac-
knowledge the limitations of retrospective data collection and that
small unrecognized bleeds or bleeds that were treated with desm-
opressin at home and not reported to the treatment center could
have been overlooked. For our analyses on joints with a positive and
negative lifetime bleeding history, only joints were included where
this information was clearly stated in the medical files. Despite
our efforts, the exact number of lifetime cumulative joint bleeds
was lacking for approximately one-third of the study population,
which hampered further analyses into cumulative bleeds and joint
outcome.

Because we included a subset of 51 patients of 161 patients that
were eligible for inclusion, it could be possible that a selection of
patients with joint problems were more willing to participate. We
found that the distributions of age and FVIII level were similar across
participants and nonparticipants. In addition, the median AJBR was
0 (IQR 0.0-0.2) in our study population, which suggests that our
findings are overall representative for patients with low joint bleed-
ing rates.

Another limitation is that seven joints could not be evaluated
for the IPSG score because of unevaluable MRI scans. To enable
calculation of the median MRI scores, we assumed a score of O
points for these joints. Additionally, as MRIs were conducted with-
out contrast, the degree of synovial hypertrophy may have been
underrated,® resulting in an underestimation of the reported joint
scores.

Because of the relatively small sample size, our multivariable
linear regression analysis was explorative and demonstrated which
variables contributed most strongly to joint outcome within our
study population. Variables with a weak effect on the IPSG score
may therefore not have remained associated in the final model.
Hence, causal relationships between determinants and joint out-
come need to be investigated in more depth within a larger pro-

spective study.

4.4 | Clinical implications

Our observations suggest that more intensive monitoring of joint
health and preventive treatment strategies are warranted, particu-
larly for patients with moderate hemophilia. In the mild hemophilia
population that generally receives on-demand therapy, pragmatic
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approaches may include adequate counseling and highlighting the
importance to alert the treatment center in case of joint complaints.
Especially in this patient group, which rarely experiences bleeding
events, minor joint bleeds may not be recognized as such and unfor-
tunately remain untreated. Our data also suggest that joint status
should remain an important outcome measure in studies evaluating
the effects of nonreplacement therapies in patients with severe he-
mophilia. These patients are converted to a nonsevere phenotype
with an estimated FVIII level equivalent to >10 1U/dI.%?

Because the ankles were most frequently and structurally af-
fected, we propose that these joints should be the primary focus
for monitoring, in line with previous advice for patients with severe
hemophilia.?? In this regard, promising non-invasive methods such
as point-of-care ultrasound may be valuable to visualize ankle joints
at routine check—ups.40 Ultrasound may also be used for follow-up
to evaluate progression of joint abnormalities. Previous ultrasound
evaluation in patients with moderate hemophilia reported subclini-
cal pathology in 5% of joints with an excellent clinical function (HJHS
of 0), supporting the value of this modality for low-threshold joint
evaluation in this population.?®> MRI may be more suitable for a com-
prehensive evaluation of problematic joints. However, the effects
of intensified monitoring and responsiveness to subsequent therapy
in case of observed joint changes are yet to be established. Future
studies are needed to further elucidate the clinical relevance and
long-term outcomes of these joint changes in nonsevere hemophilia
patients and the potential benefits of regular monitoring, counseling,
and other preventive measures. In addition, future investigations
into IPSG scores including healthy controls aged >28 years are ul-
timately needed to obtain reference values and put observations in
hemophilia patients in perspective.

In conclusion, the results of our study show that a substantial
proportion of patients with nonsevere hemophilia A exhibits joint
changes on MRI despite low joint bleed rates. This suggests that
more awareness of joint health in this population is needed.
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