
UC San Diego
UC San Diego Previously Published Works

Title
Advanced magnetic resonance imaging of the osteochondral components in hemophilic 
joints reveals cartilage hemosiderin and correlations with clinical joint scores

Permalink
https://escholarship.org/uc/item/08p8459r

Authors
Lu, Xing
Ma, Yajun
Wong, Jonathan
et al.

Publication Date
2018
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/08p8459r
https://escholarship.org/uc/item/08p8459r#author
https://escholarship.org
http://www.cdlib.org/


ORIGINAL ARTICLE

Magnetic resonance imaging and joint outcomes in boys with
severe hemophilia A treated with tailored primary prophylaxis
in Canada
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Summary. Background/objectives: Tailored primary prophy-

laxis (TPP) is a reduced-intensity treatment program for

hemophiliacs with the goal of preventing arthropathy. Our

primary aim was to evaluate the joint outcomes of treated

subjects using magnetic resonance imaging (MRI) and physical

examination as outcome measures. Methods: Ankles, elbows

and knees (index joints) of 24 subjects (median [range] age at

start of therapy, 1.6 [1–2.5] years) with severe hemophilia A

enrolled in the Canadian Hemophilia Primary Prophylaxis

Study (CHPS) were examined by MRI at a median age of

8.8 years (range6.2–11.5 years). Subjectswere treatedwithTPP

using a recombinant factor VIII concentrate, starting once

weekly and escalating in frequency and dose according to

frequency of bleeding. Results: Osteochondral changes (carti-

lage loss/subchondral bone damage) were detected in 9% (13/

140) of the index joints and 50% (12/24) of study subjects.

Osteochondral changeswere restricted to jointswith ahistory of

clinically reported joint bleeding. Soft tissue changes were

detected in 31% (20/65) of index joints with no history of

clinically reported bleeding (ankles 75% (12/16); elbows 19%

(6/32); and knees 12% (2/17)). In these apparently �bleed free�
index joints hemosiderin deposition was detected by MRI in

26% (17/65) of joints (ankles 63% (10/16); elbows 16% (5/32),

and knees 12% (2/17)). Conclusion: TPP did not completely

avoid the development of MRI-detected structural joint

changes in hemophilic boys in this prospective study. A longer

period of follow-up is required for assessment of the longitu-

dinal course of these early changes in hemophilic arthropathy,

detected using a sensitive imaging technique (MRI).

Keywords: arthropathy, children, hemophilia, magnetic reso-

nance imaging, prophylaxis.

Introduction

Hemophilic arthropathy is caused by recurrent bleeding into

joints leading to synovial hypertrophy, hemosiderin deposition,

cartilage destruction and changes in the subchondral bone. As

a result, the joint becomes painful, with loss of function and the

potential for significant disability [1]. Primary prophylaxis, the

preventive administration of the deficient clotting factor on a

regular basis before the onset of joint damage, is aimed at

reducing or eliminating hemarthrosis and thus joint damage in

patients with hemophilia [2]. However, primary prophylaxis is

expensive and, in order to ensure reliable venous access, may

require the placement of a central venous access device in very

young boys with severe hemophilia. The longer primary

prophylaxis is postponed after the first joint bleed, the higher

is the risk of developing arthropathy [3].

Tailored (�dose escalation�) primary prophylaxis is a regimen

in which young boys with severe hemophilia A initially receive

weekly factor VIII (FVII) infusions (dose, 50 IU kg)1), with an
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increase in infusion frequency (dose escalation) based on

clinically significant breakthrough bleeding into joints [4]. This

management approach is less expensive than �full-dose� primary

prophylaxis, a program that involves the infusion of FVIII

concentrate on alternate days (24–40 IU kg)1 per infusion),

which was reported in the early 1990s to prevent the

development of clinically significant arthropathy, as evidenced

by plain radiography of joints [5,6]. Recently, Manco-Johnson

et al. [7] published the results of a randomized clinical trial

demonstrating that �full-dose� primary prophylaxis (starting at

25 IU kg)1 of FVIII every other day with the potential to

increase the dose infused based on breakthrough bleeding)

before the age of two and a half years in boys with severe

hemophilia A, can prevent, in most cases, joint damage as

defined by the absence of osteochondral changes seen on

magnetic resonance imaging (MRI) of joints at the age of

6 years.

Evaluation of outcomes in patients on prophylaxis is

essential for determination of its effectiveness. MRI is an

optimal tool for assessment of musculoskeletal outcomes

in boys with hemophilia treated with prophylaxis, because

of its capacity to detect early soft tissue and osteochondral

abnormalities in joints into which bleeding has occurred

[8–10]. The purpose of this study was to evaluate the

outcomes for joints of young boys with severe hemophilia

A receiving tailored primary prophylaxis using MRI as an

outcome measure.

Materials and methods

Study design

The study protocol was approved by the Research Ethics

Boards of the participating institutions. Written informed

consent was obtained from all parents and/or patients who

participated in the study. The multicenter Canadian Hemo-

philia Primary Prophylaxis Study (CHPS) prospectively

enrolled patients from July 1997 until January 2007 [4]. This

communication reports the results of a sub-study that evalu-

ated the first 25 subjects enrolled in the study (between July

1997 and March 2001).

Patients

Twenty-five boys were enrolled in the MRI sub-study. One

of the patients withdrew from the CHPS study and was

therefore excluded. The 24 included subjects with severe

hemophilia A were from 10 Canadian pediatric hemophilia

treatment centers (Hamilton (five), Montreal (four),

Toronto (four), Winnipeg (three), Calgary (two), Quebec

City (two), Halifax (one), Ottawa (one), Thunder Bay

(one), Vancouver (one)). To be eligible for enrollment in

the study, boys were required to have normal index joints

(ankles, knees and elbows), as defined by the modified

World Federation of Hemophilia Orthopaedic joint score

[11], and radiologic (Pettersson) scores at study entry [12].

Exclusion criteria for the CHPS study included a history of

three or more clinically determined bleeds into any index

joint (ankle, knee or elbow), present or past history of a

circulating inhibitor to FVIII (level ‡ 0.6 Bethesda Units)

and competing risk factors (symptomatic HIV infection,

juvenile inflammatory arthritis, metabolic bone disease or

other disease that may mimic arthropathy).

Tailored Primary Prophylaxis protocol

A three-step tailored escalating dose/frequency protocol was

used.

Step 1: prophylaxis with a full-length recombinant factor VIII

(rFVIII) at a dose of 50 International Units (IU) kg)1 body

weight given once weekly.

Step 2: 30 IU rFVIII kg)1 body weight given twice weekly if

the subject experienced three or more bleeds into a single

index joint in a consecutive 3-month period; or ‡ four

clinically determined bleeds (either significant soft tissue

bleeds or joint bleeds into any number of index joints) over a

consecutive 3-month period; or ‡ five clinically determined

bleeds into any index joint while on the same dosage (step)

over any period of time. A significant soft tissue hemorrhage

was defined as a muscle bleed associated with functional

impairment (e.g. a calf bleed with an associated limp) [13].

Step 3: 25 IU rFVIII kg)1 body weight given on alternate days

if any of the escalation criteria recurred (see Step 2). Further

incremental increases in dose (at 5 IU rFVIII kg)1 body

weight) were allowed if bleeding continued.

Outcome measures

The primary outcome measure of this study was evidence of

changes in index joint structure, as determined by the presence

of osteochondral changes (subchondral cysts, surface erosions

or cartilage loss) onMRI. The compatibleMRI scoring system

[14,15] that was used for evaluation of hemophilic arthropathy

in this study includes one additive (A-) component (maximum

score, 20) and one progressive (P-) component (maximum

score, 10) for each index joint. An osteochondral abnormality

was defined as an MRI score of at least 7, according to the

P- MRI score, or at least 1 according to the osteochondral

component of the A- MRI score.

Secondary outcomes included evidence of prior index-joint

bleeds (hemosiderin deposition) on MRI and orthopedic joint

scores determined by physical examination [16]. MRI-based

evidence of hemosiderin deposition was defined as an MRI

score of at least 4 (P- MRI score) or of 1 (A- MRI score). The

P-MRI score follows the concept of theDenverMRI scale [17],

which considers different levels of severity for different

components of the soft tissue domain. According to the

P- MRI score the effusion/hemarthrosis item should receive a

score of 0 if not present and a score ranging from 1 to 3

(according to amount of fluid seen) if present. Conversely, the

synovial hypertrophy and hemosiderin deposition items should

receive scores of 0 if not present and scores ranging from 4 to 6

MR and joint outcomes in hemophiliacs under prophylaxis 2495

� 2012 International Society on Thrombosis and Haemostasis



(according to amount of synovium or hemosiderin seen,

respectively) if present. Therefore, the synovial hypertrophy

and hemosiderin deposition items receive larger weights than

the effusion/hemarthrosis item at comparative scale levels.

Conversely, according to the A- MRI score the synovial

hypertrophy item should receive a score of 0 if not present and

scores ranging from 1 to 3 (according to amount of synovium

seen) if present. Conversely, the hemosiderin deposition item

should receive a score of 0 if not present and a score of 1 if

present (regardless of the amount of hemosiderin seen). No

joint effusion/hemarthrosis item exists in the soft tissue domain

of the compatible A- MRI scale.

Presence of joint change on physical examination was

determined by orthopedic joint scores of at least 1 according

to a modified version of the Colorado Child Physical

Examination instrument [16], consisting of 10 items (maxi-

mum score of 24 for each elbow and 28 for each ankle and

knee); total score ranges from 0 (normal) to 160 (most severe

damage).

MR imaging acquisition and interpretation

The study protocol was performed on 1.5 T MRI scanners in

all centers and included preferentially, but not exclusively if

other sequences were required for clinical purposes, T2*

gradient echo images (TR, 600 ms; TE, 20 ms; flip angle, 200;

bandwidth, 15.63; matrix, 256 · 192; NEX. 2; average field-of-

view, 12 cm (to be adjusted according to the patient�s joint size;
slice thickness, 4 mm; gap, 0 mm)) in coronal and sagittal

planes for ankles and knees, and axial, sagittal and coronal

planes for elbows. Total time for scanning the six index joints

using the suggested gradient echo protocol was approximately

50 min. No contrast material was used, except for one patient

who had intravenous administration of gadolinium for clinical

indication. Elbows were imaged separately with surface coils;

both knees and both ankles were imaged simultaneously with

extremity or head coils, respectively, according to joint size.

The images from all centers were collected and stored in the

Picture Archiving and Communication System (PACS)Unit at

one of the centers (Toronto).

MR imaging interpretation

All MRI examinations of this study were considered as

presenting with acceptable quality for interpretation. They

were independently evaluated by two pediatric radiologists

(PB and JK), blinded to all clinical information. Discrep-

ant readings were adjudicated by a third pediatric radiol-

ogist (ASD). The third reader independently scored the

MRI examinations in which discrepant sub-scores were

noted between the two pediatric radiologists, blinded to

the results of previous sub-scores. The final sub-scores for

discrepant cases represented the agreement of two out of

three readers. If no agreement on a given sub-score was

reached between the three readers, the third reader

(adjudicator) made a decision on the final score, not

blinded to the results of that particular sub-score that were

provided by the other two readers.

Physical examination

In each center, patients were examined by a physical therapist

every 3 months during the first 5 years of study and every

6 months thereafter. The physical therapists received standard-

ized training prior to the commencement of the study.

Clinical information

Descriptive clinical information included the number and

location of index joint hemorrhages, before entry into the study

and up to the time of theMRI examination, age at study entry,

the number of days on study, and age at time of MRI study.

Statistical analysis

The lifetime frequency of clinically evident index joint bleeds

prior to the MRI examination (0 or ‡ 1) and clinical and MRI

parameters were compared using the chi-square test. The

association between the number of prior lifetime index joint

bleeds and clinical information (age at time ofMRI, age at start

of prophylaxis, physical examination joint scores) was inves-

tigated with Spearman correlation coefficients (rs). The inter-

reader reliability of interpretation of the CompatibleMRI scale

in this study was tested using intraclass correlation coefficients

(ICC) [17,18]. ICC and r £ 0.40 indicated poor, > 0.40 and

£ 0.60 moderate, > 0.60 and £ 0.80 substantial and > 0.80

excellent agreement/correlation [18,19]. All comparisons were

two sided and P values £ 0.05 were considered statistically

significant. SAS version 9.2 (SAS Institute, Cary, NC, USA)

was used for the analysis and data manipulation.

Results

Twenty-four boys underwent MRI examinations of index

joints: 23 of elbows, knees and ankles and one of ankles only as

he was unable to cooperate for completion of the MRI. The

median age of subjects at the time of theMRI examination was

8.8 years (range 6.2–11.5 years). The median age of boys at

study entry was 1.6 years (range 1–2.5 years), corresponding to

a median duration on study of 7.1 years (range 5–9 years)

before the MRI study was performed. At the time of the MRI

study, 25% of boys (6/24) were on once weekly prophylaxis

(Step 1: 50 IU kg)1 once weekly), 37.5% (9/24) on twice

weekly prophylaxis (Step 2: 30 IU kg)1 twice weekly) and

37.5% (9/24) on �full-dose� (alternate day) prophylaxis (Step 3:

25 IU kg)1 every other day. The median interval of time

between the MRI study and joint assessments by physical

examination was 2 months (range 0–4 months) for the study

cohort. Clinical characteristics of study subjects, including

numbers of index joints with and without a history of clinically

evident bleeding before the MRI study, are presented in

Table 1.

2496 J. Kraft et al
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Twelve (50%) of the 24 subjects on the dose escalation

prophylaxis regimen, one (8%) receiving once weekly

prophylaxis (Step 1), five (42%) receiving twice weekly

prophylaxis (Step 2) and six (50%) receiving full-dose

alternate day prophylaxis, had detectable osteochondral

changes in index joints at the time of the MRI examination

(Table 2). Out of the 24 study subjects, osteochondral

changes were detected by MRI in the ankles of eight (33%)

patients and in the elbows of five (21%) patients, but not in

the knees n of any patients.

Of the 140 index joints examined by MRI, 65 (46%) had

a negative clinical history of bleeding into the joints before

the MRI study (Table 3). None of these joints had evidence

of osteochondral joint damage on MRI examination. Of

the 75 (54%) index joints with a life-time history of any

bleeding before the MRI study, 13 (17%) had evidence of

osteochondral changes on MRI; cartilage loss was detected

in 11 of the 75 joints (15%) and subchondral bone changes

in seven (9%) (Table 4). Details of the osteochondral

changes, identified with either the Progressive (P) or the

Additive (A) MRI scale, are provided in Table 2. Osteo-

chondral damage detected on MRI by the Progressive

Score correlated only moderately with the lifetime number

of hemarthroses in ankles (r = 0.4, P = 0.006) and elbows

(r = 0.63, P = 0.0001).

Soft tissue changes involving ankles (n = 22; Fig. 1), elbows

(n = 10; Fig. 2) and knees (n = 3; Fig. 3) were detected by

MRI in 22 of 24 (92%) subjects. Details of soft tissue changes

are presented in Tables 3 and 4. The frequency of soft tissue

changes was 47% (35/75) of index joints with a lifetime history

of any bleeding before the MRI study (Table 4). Specific

changes included hemosiderin deposition in 40% (30/75),

synovial hypertrophy in 37% (28/75) and joint effusion/

hemarthrosis in 19% (14/75) of joints. Of interest, and not

anticipated, soft tissue changes were detected in 31% (20/65) of

joints without any lifetime history of bleeding before the MRI

examination (Table 3). Specific changes included hemosiderin

deposition in 26% (17/65), synovial hypertrophy in 25% (16/

65) and joint effusion/hemarthrosis in 12% (8/65) of joints. Soft

tissue abnormalities observed on MRI examination (as per the

Progressive Score) correlated moderately with the number of

hemarthroses in elbows (r = 0.59, P = 0.001), but poorly

with the number of hemarthroses in knees (r = 0.19,

P = 0.21) and ankles (r = 0.19, P = 0.21). Figure 4 illus-

trates that some joints with no lifetime history of bleeding had

high soft tissue scores on MRI examination; however, none of

these joints had osteochondral changes detected by MRI

(Table 3).

Orthopedic joint scores assessed per protocol (every

3 months during the first 5 years of the study and every

6 months thereafter) showed little evidence of joint damage in

the study cohort at the time of the MRI examinations. The

Table 1 Demographic and clinical characteristics of study subjects

(n = 24)

Lifetime number of joint bleeds at time of MRI study

0 ‡ 1

Per joint

(%)

Overall

(all joints)

(%)

Per joint

(%)

Overall

(all joints)

(%)

Number of cases/total

number joints evaluated

Ankles 16/48 (33)

65/140 (46)

32/48 (67)

75/140 (54)

Knees 17/46 (37) 29/46 (63)

Elbows 32/46 (70) 14/46 (30)

Lifetime number of joint bleeds at time of MRI study

Median (range)

Ankles 0 (0)

0 (0)

3 (1–26)

2 (1–42)

Knees 0 (0) 2 (1–7)

Elbows 0 (0) 3 (1–42)

Orthopedic joint scores

Median (range) (1–160)

Ankles 1 (0–9)

0 (0–9)

1 (1–8)

1 (0–10)

Knees 0 (0–1) 0 (0–2)

Elbows 0 (0–1) 0 (0–10)

Table 2 Frequency of osteochondral changes detected by MRI in the study cohort. Only sub-items of the MRI scoring system that were reported as

presenting with abnormalities are described below. Osteochondral changes: n = 12/24 (50%). Surface erosions: n = 5/24 (21%). Subchondral cysts:

n = 7/24 (29%). Cartilage loss: n = 11/24 (46%)

Types of changes

Item Sub-item

Number of

affected patients

(n = 24)*

Number of affected joints

Elbows

(n = 46)�
Ankles

(n = 48)�
Knees

(n = 46)�

Subchondral bone

or joint margins (%)

Any surface erosion 3 (13) 1 (2) 2 (4) 0

Any surface erosion in at least two bones 2 (8) 1 (2) 1 (2) 0

At least one subchondral cyst 4 (17) 1 (2) 3 (6) 0

More than one subchondral cyst 2 (8) 1 (2) 1 (2) 0

Subchondral cysts in at least two bones 1 (4) 1 (2) 0 0

Cartilage loss (%) Any loss of cartilage height 5 (21) 3 (7) 2 (4) 0

Any loss of cartilage height in at least two bones 5 (21) 1 (2) 4 (8) 0

Any loss of cartilage height involving more than

one-third of the joint surface in at least two bones

1 (4) 0 1 (2) 0

*Number of boys studied. �Number of joints studied.
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median orthopedic joint score for the 24 study subjects, based

on the physical examination nearest to the MRI study, was 0

out of a possible score of 160 (range, 0–10). Joint scores in

ankles, knees and elbows in subjects with andwithout a lifetime

history of clinically evident bleeds were overall very low

(Table 1). Boys with abnormal soft tissue scores on MRI had

higher physical examination joint scores as compared with

boys with normal MRI scores. Joint scores demonstrated

Table 3 Soft tissue and osteochondral changes in index joints with no history of any clinically evident bleeds before the MRI study

Ankles (n = 16) Elbows (n = 32) Knees (n = 17) All index joints (n = 65)

Soft tissue changes (%) 12/16 (75) 6/32 (19) 2/17 (12) 20/65 (31)

Median (range) score P scale 4 (1–5) 4 (4–4) 4 (4–4) 4 (1–5)

Median (range) score A scale 2 (0–3) 2 (1–2) 2 (2–2) 2 (0–3)

Hemosiderin (%) 10/16 (63) 5/32 (16) 2/17 (12) 17/65 (26)

Median (range) score P scale 4 (4–5) 4 (4–4) 4 (4–4) 4 (4–5)

Median (range) score A scale 1 (1–1) 1 (1–1) 1 (1–1) 1 (1–1)

Synovial hypertrophy (%) 10/16 (63) 4/32 (13) 2/17 (12) 16/65 (25)

Median (range) score P scale 4 (4–5) 4 (4–4) 4 (4–4) 4 (4–5)

Median (range) score A scale 1 (1–2) 1 (1–1) 1 (1–1) 1 (1–2)

Joint effusion/hemarthrosis (%) 7/16 (44) 1/32 (3) 0/17 (0) 8/65 (12)

Median (range) score A scale 1 (1–2) 1 (1–1) 0 (0–0) 1 (1–2)

Osteochondral joint change (%) 0/16 (0) 0/32 (0) 0/17 (0) 0/65 (0)

Median (range) score P scale 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

Median (range) score A scale 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

n, number of index joints.

Table 4. Soft tissue and osteochondral changes in index joints with a lifetime history of one or more bleeds at the time of the study

Ankles (n = 32) Elbows (n = 14) Knees (n = 29) All index joints (n = 75)

Soft tissue changes (%) 24/32 (75) 7/14 (50) 4/29 (14) 35/75 (47)

Median (range) score P scale 4 (1–6) 5 (1–6) 2 (0–4) 4 (1–6)

Median (range) score A scale 2 (0–4) 3 (0–4) 1 (0–1) 2 (0–4)

Hemosiderin (%) 23/32 (72) 5/14 (36) 2/29 (7) 30/75 (40)

Median (range) score P scale 4 (4–6) 5 (4–6) 4 (4–4) 4 (4–6)

Median (range) score A scale 1 (1–1) 1 (1–1) 1 (1–1) 1 (1–1)

Synovial hypertrophy (%) 23/32 (72) 5/14 (36) 0/29 (0) 28/75 (37)

Median (range) score P scale 4 (4–6) 5 (4–6) 0 (0–0) 4 (4–6)

Median (range) score A scale 1 (1–3) 2 (1–3) 0 (0–0) 1 (1–3)

Joint effusion/hemarthrosis (%) 6/32 (19) 6/14 (43) 2/29 (7) 14/75 (19)

Osteochondral joint changes (%) 8/32 (25) 5/14 (36) 0/29 (0) 13/75 (17)

Median (range) score P scale 9 (7–10) 8.5 (7–9) 0 (0–0) 9 (7–10)

Median (range) score A scale 2 (1–4) 1.5 (1–5) 0 (0–0) 2 (1–5)

n, number of index joints.

A B C

Fig. 1. Ten-year-old boy with severe hemophilia A and no history of previous bleeds into the left ankle. MRI images of the patient�s left ankle show
moderate synovial proliferation (score 2, A-scale; score 5, P-scale), hemosiderin deposition (score 1, A-scale; score 5, P-scale) (long arrows; A, B) and joint

effusion (short arrow; C). No obvious osteochondral abnormalities were identified.
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positive and moderate correlations with the two MRI scales in

examinations of the elbows (soft tissue scores, r = 0.6/

r = 0.75, P = 0.001, P-/A- scores; osteochondral scores,

r = 0.58/r = 0.58, P < 0.0001, P-/A- scores), and borderline

positive and weak correlations with soft tissue MRI scores of

the two scales in ankle examinations only (r = 0.28/r = 0.28,

P = 0.05, P-/A- scores).

Reliability of interpretation of MRI scores

The overall inter-reader reliability of the compatible MRI

scale was excellent for ankles (ICC for P-score, 0.81 (95% CI,

0.69–0.89); ICC for A-score, 0.84 (95% CI 0.73–0.91)) and

elbows (ICC for P-score, 0.89 (95% CI, 0.81–0.94); ICC for

A-score, 0.92 (95% CI 0.86–0.95)), but was poor for knees (for

P- and A- scores).

Discussion

The use of MRI in this study enabled us to differentiate

osteochondral and soft tissue changes: within the soft tissue

domain to discriminate between hemosiderin deposition,

synovial hypertrophy and hemarthrosis/joint effusion, and

within the osteochondral domain to evaluate the severity of

cartilage loss and bony changes. In our cohort of 24 boys, soft

tissue changes (joint effusion/hemarthrosis, synovial hypertro-

phy and hemosiderin deposition) were detected in 92% of

subjects and 39%of joints. Soft tissue changes were detected by

MRI in index joints with and without a history of clinical

bleeding. Of note, synovial hypertrophywas detected in 63%of

ankles, 13% of elbows and 12% of knees without a history of

prior life-time joint bleeding (Table 3). Comparable findings

for hemosiderin deposition were 63%of ankles, 16%of elbows

A B C

D

Fig. 2. Ten-year-old boywith severe hemophilia A, seven reported intra-right elbow joint bleeds (A–C) and no history of previous bleeds into the left elbow

(D–F). Sagittal (A) and coronal (B) MR images of the patient�s right elbow show marked synovial hypertrophy (score 3, A-scale; score 6, P-scale) and

hemosiderin deposition (score 1, A-scale; score 6, P-scale) around the joint (long arrows). Also noted in this joint are a small joint effusion (score 1, P-scale)

(A) (short arrow), a subchondral cyst seen in the coronoid process of the proximal ulna on coronal T2-weighted (C) image (arrow) (score 1, A-scale; score 7,

P-scale), and cartilage loss at the coronoid process of the proximal ulna (A) (arrowhead) (score 2, A-scale; score 9, P-scale). In the patient�s left elbow,
minimal hemosiderin deposition is noted on the coronal MR (D) image (arrows); however, no other soft tissue or osteochondral abnormalities are

identified.

A B

Fig. 3. Six-year-old boy with severe hemophilia A and no history of prior

intra-articular bleeds. Coronal (A) and sagittal (B) multiphase gradient-

echo images show mild hemosiderin deposition in the left knee (score 1,

A-scale; score 4, P-scale) (arrows). Otherwise, no significant findings were

identified.
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and 12% of knees. Our findings, especially hemosiderin

deposition, confirm the important finding of subclinical joint

bleeding reported by Manco-Johnson et al. [7] and offer an

explanation for the weaker than anticipated correlation

between clinically recorded index joint hemorrhages and

MRI findings. Note is made, however, that in cases of severe

hemosiderin deposition, the �blooming artifact� effect from

gradient-echo MR images obscured visualization of the

underlying synovium, resulting in an inaccurate assessment of

the synovial hypertrophy sub-item of the MRI scoring system.

In these cases, based on expert opinion, the maximum score

(=3)was given for both hemosiderin and synovial hypertrophy

sub-items, which may have overestimated the sub-scores for

synovial hypertrophy in this study.

In this study all the MRI examinations were performed on

1.5 T MRI scanners. However, it is well known that the effect

of susceptibility variations on gradient-echo MRI sequences

which generate undesirable �blooming artifacts� are propor-

tional to the MRI field strength (i.e. twice as large variations

are found at 3 T than at 1.5 T) [20]. Thus, we anticipate that

scores of hemosiderin deposition using the compatible MRI

scoring system may be overestimated in MRI examinations

performed at 3 T or higher field strength MRI scanners in

future studies.

The MRI threshold [21] used to define treatment failure in

the USA Joint Outcome Study reported by Manco-Johnson

et al. [7] was set to detect early cartilage loss and osteochondral

changes in index joints. The failure rate for full-dose primary

prophylaxis in this prospective randomized clinical trial was

7%, as compared with 45% for enhanced episodic therapy [7].

While these findings are important and support the superiority

of full-dose primary prophylaxis over enhanced episodic (�on
demand�) treatment in preventing very early cartilage and bone

changes in the index joints of young boys with severe

hemophilia, it should be noted that the long-term functional

consequences of such early musculoskeletal changes, detected

by a very sensitive imaging modality (MRI), remain to be

determined. Such information is essential to assess the cost

benefit of full-dose primary prophylaxis as compared with

individualized (�tailored�) prophylaxis that is based on the

pattern of early bleeding in individual patients. Hemophilic

arthropathy is a chronic problem in which the longitudinal

progression of joint changes seen by MRI is unknown at the

present time. Moreover, our findings cannot be directly

compared with the USA Joint Outcome Study as our subjects

were, on average, 2 years older and therefore more likely to

have developed ostechondral changes, detectable by MRI. At

this point no detailed information is available in the literature

with regard to the normal appearance of growing joints onMR

imaging. As a result, mild cartilage and soft tissue changes

including hemosiderin deposition as described in this study

may require reassessment in the future upon comparison with

age-matched and MRI sequence-matched imaging of joints of

healthy subjects once this information becomes available. Such

an approachwill enable confirmation of themild soft tissue and

cartilage results reported in this study.

Based on the soft tissue and osteochondral findings in this

prospective study, we speculate that presence of persistent

early joint swelling (as a measure of synovitis) detected by

careful serial physical examination and confirmed by ultra-

sound and/or MRI may be important in identifying those

joints that are likely to progress to more significant osteo-

chondral damage. Alteration in the prophylaxis regimens in

such cases, targeted at reducing the time spent with a FVIII

level below 1% (a risk factor for spontaneous bleeding), may

be warranted [22].

The inter-reader reliability for the MRIs in this study was

excellent for evaluation of ankles and elbows, as previously

reported [23]. However, the inter-reader reliability for knees

was not strong. The fact that only soft tissue changes were
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Fig. 4. MRI scores for index joints according to the lifetime number of

hemorrhages in that joint. The y-axes of A and B show the progressive and

additive MRI scores, respectively, and the x-axes, the number of lifetime

bleeds in joints. In A, a score of 0 indicates a normal joint and scores of 7–

10 osteochondral changes. In B a score of 0 indicates a normal joint, scores

of 1–4 (lower aspect of the graph) indicate soft tissue changes and scores of

1–16 (upper aspect of the graph) indicate osteochondral changes. The size

of each circle corresponds to the number of cases. The larger bubbles

represent more than one joint. A (progressive score) shows 28 joints with

soft tissue changes and 13 joints with osteochondral changes. B (additive

score) shows 45 joints with soft tissue changes and 13 joints with osteo-

chondral changes. Some joints with no clinically reported hemarthroses

had high soft tissue scores (progressive (A) and additive score (B)), but

none of these cases demonstrated osteochondral abnormalities on MRI.

On the other hand, some cases had normal MRI scores despite many

hemarthroses.
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found in MRI examinations of knees in this study may have

accounted for this result.

In summary, the results of this study show thatMRI is able to

detect chronic subclinical bleeding in the joints of young boys

with severe hemophilia A who have no clinical history of joint

bleeding. These results suggest thatMRI can be a useful tool in

assessing early joint changes in boys with severe hemophilia.

Overall MRI scores correlated moderately with prior lifetime

index joint hemarthroses. The correlations between physical

examination and MRI joint scores were poor or moderate,

confirming a relative insensitivity of physical therapy scores to

depict the earliest joint changes of hemophilic arthropathy as

previously demonstrated [7]. Therefore, outcome measures of

primary prophylaxis studies should include not only joint scores

by physical examination, but also sensitive imaging methods.

Finally, although tailored primary prophylaxis may be inferior

to full-dose prophylaxis (25 IU kg)1 every other day) for the

prevention of early osteochondral abnormalities detected by a

very sensitive imaging technique (MRI), the long-term effect of

this less intense regimen on the patients� quality of life and

clinically significant musculoskeletal status is unknown at this

time and warrants ongoing study.Whether the significant extra

cost of full-dose prophylaxis vs. a �tailored� primary prophylaxis

approach is �worth it� depends on whether the very early soft

tissue and osteochondral changes detectable by MRI can

reliably predict clinically significant hemophilic arthropathy in

adolescence and adulthood. A longer period of follow-up is

clearly needed to fully assess the long-term clinical significance

of the musculoskeletal changes described in this study cohort.
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