
Haemophilia. 2018;971–979.	 	 wileyonlinelibrary.com/journal/hae	 | 	971

1  | INTRODUC TION

Due to low levels of coagulation factor VIII or IX, haemophilia is 
characterized by repeated joint bleeding. Prophylactic clotting fac-
tor replacement therapy (prophylaxis) to reduce bleeding is the 

preferred treatment for patients with severe haemophilia.1,2 Current 
prophylaxis regimens are insufficient to prevent all joint bleeding 
episodes. Repeated traumatic or spontaneous joint bleeds result in 
synovial hypertrophy and progressive osteochondral changes due 
to mechanical and metabolic processes.3,4 Synovial hypertrophy on 
MRI is not observed in all joints with a history of bleeding5 and may 
be responsive to treatment.6 As synovial hypertrophy is associated 
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Introduction: Recurrent joint bleeding is the hallmark of haemophilia. Synovial 
hypertrophy observed with Magnetic Resonance Imaging (MRI) is associated with 
an increased risk of future joint bleeding.
Aim: The aim of this study was to investigate whether point- of- care ultrasound (POC- 
US) is an accurate alternative for MRI for the detection of early joint changes.
Methods: In this single centre diagnostic accuracy study, bilateral knees and ankles 
of haemophilia patients with no or minimal arthropathy on X- rays were scanned 
using POC- US and 3 Tesla MRI. POC- US was performed by 1 medical doctor, blinded 
for MRI, according to the “Haemophilia Early Arthropathy Detection with Ultrasound” 
(HEAD- US) protocol. MRIs were independently scored by 2 radiologists, blinded for 
clinical data and ultrasound results. Diagnostic accuracy parameters were calculated 
with 95% confidence intervals (CI).
Results: Knees and ankles of 24 haemophilia patients (96 joints), aged 18- 34, were 
studied. Synovial hypertrophy on MRI was observed in 20% of joints. POC- US for 
synovial tissue was correct (overall accuracy) in 97% (CI: 91- 99) with a positive pre-
dictive value of 94% (CI: 73- 100) and a negative predictive value of 97% (CI: 91- 100). 
The overall accuracy of POC- US for cartilage abnormalities was 91% (CI: 83- 96) and 
for bone surface irregularities 97% (CI: 91- 99).
Conclusion: POC- US could accurately assess synovial hypertrophy, bone surface ir-
regularities and cartilage abnormalities in haemophilia patients with limited joint dis-
ease. As POC- US is an accurate and available alternative for MRI, it can be used for 
routine evaluation of early joint changes.
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with an increased risk of bleeding,7 early detection may be relevant 
in order to guide treatment changes.

Magnetic Resonance Imaging (MRI) is the most sensitive imaging 
modality to demonstrate early intra- articular joint changes.8 As MRI 
is relatively expensive and time consuming, routine assessment of 
multiple joints of haemophilia patients is not feasible. As ultrasound 
showed to be highly accurate in assessing synovial hypertrophy, it 
may provide an alternative for MRI.9-11 Various clinicians perform 
ultrasound examinations themselves for specific indications, known 
as point- of- care ultrasound (POC- US).12 The “Haemophilia Early 
Arthropathy Detection with Ultrasound” (HEAD- US) protocol has 
been developed to allow joint assessment in haemophilia by non- 
radiologists.13 Although the HEAD- US protocol is increasingly used 
in addition to physical examination, the diagnostic accuracy of this 
POC- US protocol has not been evaluated yet. The primary objective 
of this study was to assess the diagnostic accuracy of POC- US for 
synovial hypertrophy in haemophilia patients by comparison with 
MRI. Secondary objectives were to assess the diagnostic accuracy 
of POC- US for the presence or absence of cartilage abnormalities 
and bone surface irregularities.

2  | MATERIAL S AND METHODS

This diagnostic accuracy study was performed at the Van 
Creveldkliniek, University Medical Centre Utrecht, the Netherlands, 
and reported according to the “Standards for the Reporting of 
Diagnostic accuracy studies” (STARD).14 The research protocol was 
approved by the institutional ethical review board and written in-
formed consent was obtained from all patients.

2.1 | Participants

An established imaging cohort of male adult haemophilia patients, 
born between 1980- 1995, was invited for this cross- sectional diag-
nostic accuracy study.5 Inclusion criteria were moderate or severe 
haemophilia	(≤5%	factor	VIII	or	IX	activity)	and	at	most	1	joint	with	
moderate-	severe	 arthropathy	 on	 X-	rays	 (Pettersson	 score	 ≥415). 
Exclusion criteria were a history of inhibitors for clotting factor 
concentrates or a contraindication for MRI. Additional haemophilia 
patients fulfilling the same in-  and exclusion criteria were invited to 
achieve an adequate sample size (see “Sample size”).

2.2 | Imaging

Bilateral knees and ankles of patients were examined by both 
POC- US and MRI on the same day. The index test was POC- US 
according to the Haemophilia Early Arthropathy Detection with 
UltraSound (HEAD- US) scanning protocol and score.13 A single ul-
trasound scanner (Esaote, type MyLab25 Gold, Italy) with a linear 
probe (adjustable central frequency at 7.5, 10, and 12 MHz) was 
used. POC- US was performed by 1 medical doctor who followed 
a course on imaging physics, received repeated HEAD- US training 

and scanned over 200 joints before the start of this study. POC- US 
was performed without knowledge of MRI results. According to the 
HEAD- US protocol, synovial tissue was assessed in the major joint 
recesses and scored as “absent/minimal”; “mild/moderate”; or “severe”. 
Cartilage and bone surface were assessed at 1 surface per joint: the 
femoral condyles in the knees (in hyperflexion) and the talar dome in 
the ankles (in plantar flexion).

The reference test was 3 Tesla MRI (Philips, type Achieva 3T TX; 
Koninklijke Philips Electronics NV, the Netherlands). The MRI proto-
col for the knee consisted of 2 mm sagittal 3D Water only Selection 
(WATS), a 3.5 mm sagittal and transversal Proton Density Weighted 
(PDW) Spectral Adiabatic Inversion Recovery (SPAIR) and a 3.5 mm 
coronal T1- weighted Spin echo (SE) using a 16- Channel Knee Coil. For 
the ankle the imaging protocol consisted of 2 mm coronal 3D WATS, 
a 2.5 mm coronal PDW SPAIR and a 2.5 mm sagittal T1- weighted SE 
using a send- receive coil. MR images were scored by 2 radiologists, 
blinded for the ultrasound findings, according to the International 
Prophylaxis Study Group (IPSG) MRI scale.16 Inconclusive results 
were discussed until consensus in separate meetings. Synovial hyper-
trophy is scored using surface measurements on a single MRI slice 
(acquired voxel size: 3.5 × 0.7 × 0.5 mm in knees; 2.5 × 0.8 × 0.6 mm 
in ankles). However, neither the IPSG MRI score, nor the MRI atlas for 
haemophilic arthropathy state lower cut- off values.16,17 Lower cut- off 
values for the presence/absence of synovial hypertrophy were deter-
mined as a group decision (0.50 cm² for knees, 0.25 cm² for ankles) 
in order to use objective criteria and prevent attribution of positive 
scores for synovial hypertrophy smaller than shown in the MRI atlas.

2.3 | Sample size

The sample size was based on our aim to establish the diagnostic 
accuracy of POC- US for synovial hypertrophy. For clinical inter-
pretation, the positive and negative predictive values are the most 
valuable diagnostic accuracy parameters. Based on preliminary data, 
the prevalence of synovial hypertrophy in the imaging cohort was 
estimated at 23%.5 Based on recent data on a different ultrasound 
protocol,9 a sensitivity of 90% and a specificity of 95% were ex-
pected with POC- US. The minimal acceptable positive and negative 
predictive	values	were	considered	to	be	≥70%.	Including	at	least	24	
patients would therefore suffice to detect a positive predictive value 
of 91% (95% confidence interval (CI): 71- 99) and a negative predic-
tive value of 97% (CI: 91- 100).

2.4 | Analysis

Medians with interquartile ranges (IQR) or percentages were cal-
culated for patient and joint characteristics. POC- US and MRI 
scores of synovial hypertrophy, cartilage abnormalities and bone 
surface irregularities were dichotomized as absent (0) or present 
(≥1).	Calculated	diagnostic	accuracy	parameters	with	95%	CI	were	
the sensitivity, specificity, positive predictive value, negative pre-
dictive value and percentage of findings correctly identified with 
POC- US (accuracy). Spearman’s correlation was used to analyze 
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the association between the ordinal HEAD- US score and IPSG MRI 
score for the severity of synovial hypertrophy, cartilage abnormali-
ties and bone surface irregularities. Analyses were performed using 
SPSS (IBM SPSS Statistics version 21.0, Armank, NY).

3  | RESULTS

In total, 96 joints of 24 patients were included between November 
2014 and August 2015. Seven of the 26 patients of the original imag-
ing cohort were unwilling to participate in this study. Five additional 
patients fulfilling the same inclusion criteria were included to reach 
the inclusion target of 24 patients. All patients underwent POC- US 
(index test) and MRI (reference test) as shown in Figure 1. One ankle 
with ankylosis was excluded in the analyses.

Baseline patient and joint characteristics are presented in Table 1. 
The median age of patients studied was 26.5 years (IQR: 23.0- 29.5). 
In total, 17/24 patients (71%) had severe haemophilia A and the ma-
jority of patients (75%) received prophylaxis. Most joints (81%) had 
a history of bleeding although minimal X- ray changes were observed 
in 18% of joints only (median Pettersson score: 0, range: 0- 6).

3.1 | Test results

POC- US and MRI were performed on the same day in all patients. 
No adverse events occurred during this study. Although MRI 

abnormalities were present in 68% of joints, minimal abnormali-
ties were detected only: the median IPSG MRI score was 1 out of 
17 points (IQR: 1- 3). Synovial hypertrophy on MRI was observed 
in 3 knees (6%) and in 16 ankles (34%). In total, 16/19 joints (84%) 
with synovial hypertrophy showed concomitant haemosiderin de-
posits on MRI. Haemosiderin on MRI without synovial hypertro-
phy was observed in only 4/76 joints (5%). These joints showed 
small amounts of haemosiderin without fulfilling the criteria for 
synovial hypertrophy on ultrasound or MRI. For identification 
of synovial hypertrophy, POC- US was true positive in 17 joints, 
true negative in 75 joints, false positive in 1 joint and false nega-
tive in 2 joints (Figure 1). Cartilage abnormalities on ultrasound 
involved <25% of target surface in 4/95 joints (4%), 25%- 50% of 
target surface in 3/95 joints (3%) and >50% of target surface in 
7/95 joints (7%). Observed bone surface abnormalities by ultra-
sound predominantly consisted of mild irregularities (13/15 joints, 
87%). Ultrasound and corresponding MRI findings of synovial hy-
pertrophy, cartilage abnormalities and bone surface irregularities 
for knees and ankles are presented in Table 2.

3.2 | Diagnostic accuracy estimates

The presence/absence of synovial hypertrophy was correctly 
identified using POC- US in 94% (CI: 86- 100). As shown in Figure 2, 
synovial hypertrophy can be clearly visualized by POC- US. For 
synovial hypertrophy POC- US had a sensitivity of 89% (CI: 67- 99), 

F IGURE  1 Study design
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specificity of 99% (CI: 93- 100), positive predictive value of 94% 
(CI: 73- 100) and a negative predictive value of 97% (CI: 91- 100). 
The accuracy of POC- US for synovial hypertrophy was compa-
rable in knees and ankles, except for a higher sensitivity (100% 
in knees vs 88% in ankles) and lower positive predictive value in 
knees (75% in knees vs 100% in ankles) (Table 3). A strong cor-
relation between the ordinal HEAD- US score and IPSG MRI score 
for the severity of synovial hypertrophy was observed (r = .90, 
P < .01).

Peripheral cartilage abnormalities and bone surface irregularities 
can be visualized by POC- US as well, as shown in Figure 3. The over-
all accuracy of POC- US for assessment of the presence/absence of 
cartilage abnormalities was 91% (CI: 83- 96) and for bone surface ir-
regularities 97% (CI: 91- 99). Negative predictive values for cartilage 
abnormalities and bone surface irregularities were >90% and sig-
nificantly better than 70%. Although the positive predictive values 
for cartilage abnormalities and bone surface irregularities were 86% 
and 87% respectively, the wide confidence intervals included the 
minimal acceptable threshold of 70% (Table 3). The HEAD- US score 
showed a strong correlation with the IPSG MRI score for severity of 

cartilage abnormalities (r = .73, P < .01) and bone surface irregulari-
ties (r = .88, P < .01).

4  | DISCUSSION

This study shows that POC- US according to the HEAD- US protocol 
can accurately assess the presence/absence of synovial hypertrophy 
in joints of haemophilia patients. POC- US had an overall accuracy 
above 90% for the presence/absence of synovial hypertrophy, car-
tilage abnormalities and bone irregularities. For synovial hypertro-
phy, the positive and negative predictive values were 94% and 97% 
respectively and significantly higher than the minimal acceptable 
threshold of 70%.

Joints were assessed using a standardized POC- US protocol and 
IPSG MRI score.13,16 The operator dependency of ultrasound may 
be a disadvantage in clinical practice. The HEAD- US protocol has 
shown a good reliability when performed by non- radiologists with 
limited training only.18,19 In this study, ultrasound was performed by 
a single medical doctor who was trained with the HEAD- US protocol 
and had an experience of scanning over 200 joints. A similar diagnos-
tic accuracy of POC- US is expected if performed by observers with 
comparable training and experience.

The IPSG MRI score was developed and evaluated without the 
use of contrast agents.16 As a result, subtle synovial hypertrophy 
may have been undetected in this study as MRI without contrast 
has shown to be less sensitive for synovial hypertrophy in Juvenile 
Idiopathic Arthritis.20 Consequently, the sensitivity and positive 
predictive value of POC- US in the evaluation of synovial hyper-
trophy may have been overestimated in our study. However, this is 
unlikely as synovial hypertrophy according to the IPSG MRI score 
is evaluated using robust surface measurements in a single MRI 
slice only.17,21 Therefore, MRI with contrast is not expected to 
change the classification of synovial hypertrophy according to the 
haemophilia specific MRI score.

TABLE  1 Baseline patient and joint characteristics

Patient characteristics n = 24 patients

Age in years (inter quartile range) 26.5 (23.0- 29.5)

Severe haemophilia 17 (71%)

Prophylactic treatment 18 (75%)

Joint 
characteristics

Knees 
(n = 48)

Ankles 
(n = 47) Overall (n = 95)

History of 
bleeding

71% 91% 81%

X- rays 
abnormalities

13% 23% 18%

MRI abnormalities 69% 68% 68%

One ankle with ankylosis was excluded in the analyses.

Knees (n = 48) Ankles (n = 47) Overall (n = 95)a

MRI− MRI+ MRI− MRI+ MRI− MRI +

Synovial hypertrophy

POC-	US− 44 0 31 2 75 2

POC- US+ 1 3 0 14 1 17

Cartilage abnormalities

POC-	US− 43 3 31 4 74 7

POC- US+ 0 2 2 10 2 12

Bone irregularities

POC-	US− 45 1 34 0 79 1

POC- US+ 0 2 2 11 2 13

Values	 are	 true	 positives	 (ultrasound+,	MRI+),	 true	 negatives	 (ultrasound−,	MRI−),	 false	 positives	
(ultrasound+,	MRI−),	and	false	negatives	(ultrasound−,	MRI+).
POC- US, point- of- care ultrasound; MRI, magnetic resonance imaging.
aKnees and ankles combined. One ankle with ankylosis was excluded in the analyses.

TABLE  2 Point- of- care ultrasound 
compared with MRI at joint level
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F IGURE  2 Synovial hypertrophy in the left ankle of a severe haemophilia patient aged 25 years. A, Anterior longitudinal ultrasound 
image with synovial hypertrophy (arrows) covering the talar dome. B, Posterior view obtained medially from the Achilles tendon showing 
synovial hypertrophy (arrowheads). C, Corresponding sagittal T1- weighted MRI of the left ankle showing synovial hypertrophy with low 
signal haemosiderin deposits in the anterior (arrow) and posterior (arrowhead) joint recesses. Subchondral cysts in the distal tibia present as 
well. D- F, Schematic representation of synovial hypertrophy (grey) in Figure 2A- C, respectively

(A) (B) (C)

(D) (E) (F)

Sensitivity Specificity Positive PV Negative PV Accuracya

Synovial hypertrophy

Knees 100 (37- 100) 98 (88- 100) 75 (19- 99) 100 (93- 100) 98 (89- 100)

Ankles 88 (62- 98) 100 (91- 100) 100 (81- 100) 94 (80- 99) 96 (85- 99)

Overallb 89 (67- 99) 99 (93- 100) 94 (73- 100) 97 (91- 100) 97 (91- 99)

Cartilage abnormalities

Knees 40 (5- 85) 100 (93- 100) 100 (22- 100) 93 (82- 99) 94 (83- 99)

Ankles 71 (42- 92) 94 (80- 99) 83 (52- 98) 89 (73- 97) 87 (74- 95)

Overallb 63 (38- 84) 97 (91- 99) 86 (57- 98) 91 (83- 96) 91 (83- 96)

Bone irregularities

Knees 67 (9- 99) 100 (94- 100) 100 (22- 100) 98 (88- 100) 98 (89- 100)

Ankles 100 (76- 100) 94 (81- 99) 85 (55- 98) 100 (92- 100) 96 (86- 99)

Overallb 93 (66- 100) 98 (91- 100) 87 (60- 98) 99 (93- 100) 97 (91- 99)

Values are percentages (95% confidence intervals).
PV, predictive value.
aPercentage correctly classified.
bKnees and ankles combined.

TABLE  3 Diagnostic accuracy of 
point- of- care ultrasound
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The diagnostic accuracy of POC- US for the presence/absence 
of cartilage abnormalities and bone irregularities was assessed as 
secondary objective in this study. Although the positive and neg-
ative predictive values of POC- US for cartilage abnormalities and 
bone irregularities were 85%- 99%, the positive predictive values 
were not significantly better than 70% as the required sample size 
was calculated for the accuracy of POC- US for synovial hypertro-
phy only. However, POC- US may provide a general indication of 
cartilage and bone status in patients with no or limited abnormali-
ties on X- rays.

4.1 | Comparison with other studies

Although studies comparing ultrasound with MRI in haemophilia 
were performed previously,9,10 none of them used point- of- care ul-
trasound. Recently, Doria et al reported the diagnostic accuracy of 
ultrasound in patient with haemophillia or von Willebrand disease.10 
Ultrasound was performed and interpreted by sonographers and 
radiologists according to a comprehensive ultrasound protocol de-
scribed by Zukotynski.22 Observes were not blinded for MRI find-
ings in order to study maximum achievable diagnostic accuracy. The 
overall prevalence of synovial hypertrophy was 93% (compared to 
20% in our study). Ultrasound was highly sensitive (100%, CI: 95- 
100) in detecting synovial hypertrophy although the specificity of 
detection of synovial hypertrophy in ankle joints was 50% only (CI: 

7- 93) (Table 4). Sierra Aisa et al studied haemophilia patients, aged 
4- 82 years, using ultrasound and MRI.9 The ultrasound protocol 
described by Zukotynski et al22,23 was used in their study too. The 
overall prevalence of synovial hypertrophy was 27%.9 Diagnostic ac-
curacy parameters were calculated from the results presented and 
are shown in Table 4.

Even though the populations and study designs of previous stud-
ies differed from our study, ultrasound showed high positive and 
negative predictive values for the presence/absence of synovial hy-
pertrophy. Although only joints with no or minimal arthropathy were 
evaluated in this study, POC- US evaluation of synovial hypertrophy 
is not hampered by cartilage abnormalities and minimal bone surface 
irregularities as the presence/absence of synovial hypertrophy is eval-
uated in the joint recesses only. The results on the diagnostic accu-
racy of POC- US for synovial hypertrophy are therefore expected to 
be valid for patient with moderate arthropathy too. This is supported 
by a very recent publication by von Drygalski et al showing that ultra-
sound is highly sensitive in the identification of abnormal soft tissue 
in patients with more advanced arthropathy (mean Pettersson score 
at joint level 8, range 0- 12).24 More detailed ultrasound examination 
by an experienced musculoskeletal radiologist and/or using advanced 
ultrasound equipment is expected to reveal more subtle changes 
and may result in an even better diagnostic accuracy of ultrasound. 
However, the clinical relevance of these subtle changes remains to 
be established.

F IGURE  3 Cartilage abnormalities and 
bone irregularities in the right knee of a 
severe haemophilia patient aged 29 years. 
A, Anterior transverse ultrasound image 
with cartilage abnormalities covering 
the irregular bone surface of the femoral 
condyles. B, Schematic representation 
of cartilage (grey) and bone surface 
(black lines) in Figure 3A. C, Coronal 
T1- weighted MRI of the right knee 
showing subchondral bone irregularities 
and cysts (arrows), most pronounced 
in the lateral femoral condyle and the 
medial tibial plateau. D, Sagittal PDW 
SPAIR MRI of the lateral aspect of the 
right knee showing irregular cartilage of 
the lateral femoral condyle (arrowheads) 
and subchondral bone irregularities in 
the patella and lateral femoral condyle 
(arrows)

(A) (B)

(C) (D)
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4.2 | Clinical application

Point- of- care ultrasound is increasingly used in haemophilia pa-
tients to obtain direct information of joint status.25-28 Operators 
should have received proper training before implementation of 
POC- US in haemophilia care in order to avoid incorrect diagnosis 
and misuse. Recommendations and guidelines on training stand-
ards, appropriate use and quality assurance have therefore been 
described.29

Although soft tissue abnormalities in joints may be accurately 
evaluated by ultrasound, ultrasound differentiation between syno-
vial hypertrophy with or without haemosiderin deposits is unreli-
able.24,30,31 Results on synovial hypertrophy in this study therefore 
represent both synovial hypertrophy with and synovial hypertrophy 
without haemosiderin deposits. In the evaluated population with 
limited arthropathy, synovial hypertrophy and haemosiderin were 
both present or both absent in the majority of joints. However, 5% of 
joints without synovial hypertrophy on ultrasound showed haemo-
siderin deposits on MRI. If detection of haemosiderin or differentia-
tion between synovial hypertrophy with or without haemosiderin is 
clinically indicated, a more detailed evaluation using joint MRI may 
be warranted.

Ultrasound may be used to evaluate cartilage and bone sur-
faces too. In our study, the overall accuracy of POC- US in the de-
tection of cartilage abnormalities and bone surface irregularities 
was based on the presence/absence of cartilage abnormalities and 
bone irregularities on ultrasound and MRI. The location and se-
verity of abnormalities were not compared one- to- one with MRI. 
Furthermore, because ultrasound waves are reflected at bony sur-
faces, primarily the peripheral joint surfaces could be evaluated. 
As blood- induced joint damage is expected to affect the entire 
joint, the cartilage and bone status of select target surfaces pro-
vide a general rather that a detailed indication of the joint status. 
Taken together, our results on the POC- US accuracy therefore 
represent the presence/absence of any cartilage abnormality and 
any bone irregularity only, and MRI continues to be the best im-
aging modality for complete and accurate assessment of cartilage 
and bone alterations as these cannot be ruled out by ultrasound 
alone.

A recent report showed that synovial hypertrophy detected by 
MRI is predictive for joint bleeding in patients with limited arthrop-
athy.7 As POC- US can accurately evaluate the presence of synovial 
hypertrophy, it may be used to monitor treatment and/or to iden-
tify joints at risk of bleeding in these patients. Further studies using 

Study characteristics Sierra Aisa et al9 Doria et al10 Present study

Study population Haemophilia 
(4- 82 y)

Haemophilia and 
VWD (5- 17 y)

Haemophilia 
(18- 34 y)

Joints 60 knees, 60 
ankles

25 knees, 34 ankles 48 knees, 47 ankles

Ultrasound protocol Zukotynski et al22 Zukotynski et al22,23 Martinoli et al13

Operators/observers Not reported Sonographers & 
radiologists

Medical doctor

Blinding Not reported Unblinded for MRI Blinded for MRI

Synovial hypertrophy

Knees Prevalence = 12% Prevalence = 92% Prevalence = 6%

Sensitivity 86 (42- 100) 100 (85- 100) 100 (37- 100)

Specificity 96 (80- 100) 100 (16- 100) 98 (88- 100)

Positive PV 86 (42- 100) 100 (85- 100) 75 (19- 99)

Negative PV 96 (80- 100) 100 (16- 100) 100 (93- 100)

Ankles Prevalence = 42% Prevalence = 94% Prevalence = 34%

Sensitivity 100 (89- 100) 100 (85- 100) 88 (62- 98)

Specificity 100 (55- 100) 50 (1- 99) 100 (91- 100)

Positive PV 100 (89- 100) 97 (84- 100) 100 (81- 100)

Negative PV 100 (55- 100) 100 (3- 100) 94 (80- 99)

Overalla Prevalence = 27% Prevalence = 93% Prevalence = 20%

Sensitivity 97 (94- 100) 100 (95- 100) 89 (67- 99)

Specificity 96 (82- 100) 50 (7- 93) 99 (93- 100)

Positive PV 97 (94- 100) 96 (88- 100) 94 (73- 100)

Negative PV 96 (82- 100) 100 (22- 100) 97 (91- 100)

Values are percentages (95% confidence intervals).
VWD, von Willebrand disease; PV, predictive value; VWD, von Willebrand disease.
aKnees and ankles combined.

TABLE  4 Results of studies comparing 
ultrasound with MRI to detect synovial 
hypertrophy
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POC- US are needed to assess its diagnostic accuracy in other cen-
tres and to evaluate the minimal expertise required. It remains to 
be evaluated in what way POC- US detected synovial hypertrophy 
may guide treatment changes and if these treatment changes could 
improve joint outcome.

5  | CONCLUSION

Point- of- care ultrasound according to the HEAD- US protocol can 
accurately assess the presence/absence of synovial hypertrophy in 
joints of haemophilia patients. The positive and negative predictive 
values of POC- US for synovial hypertrophy were high at 94% and 
97% respectively. In addition, POC- US may also be used to provide 
a general indication of the cartilage and bone status. As synovial 
hypertrophy is associated with bleeding, POC- US performed by 
trained clinicians may play a role in tailoring haemophilia treatment 
in the future. Further studies are needed to establish the effects of 
POC- US guided treatment changes.
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