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Résumé La réussite du transfert des lambeaux libres dépend de la qualité des micro-
anastomoses mais aussi de celle des vaisseaux receveurs (VR). Dans certaines situations, les
VR voisins de la perte de substance sont inutilisables, soient qu’ils aient été détruits, soient
altérés. Un allongement du pédicule du lambeau est alors nécessaire, soit de l’artère, soit de la
veine ou des deux. Cet allongement peut s’effectuer de deux manières : par interposition de
greffons veineux (GV) ou par réalisation d’une boucle vasculaire (BV). La BV trouve sa principale
indication dans le cas où artère et veine nécessitent un allongement. Deux types principaux de BV
sont utilisées : celles avec GV et celles « in situ ». Les BV vasculaires peuvent être réalisées en un
ou deux temps. Chaque technique présente des avantages et des inconvénients. La technique de
BV est indiquée en cas de VR inutilisables : artère et/ou veine. Aucun consensus fort sur les
avantages des BV en un ou deux temps ne ressort, même si la littérature tend à montrer une
supériorité des BV en un temps. La technique de la BV apparaît plus avantageuse que la technique
des GV interposés, même si le taux de succès est moins important qu’avec les lambeaux libres
anastomosés directement. D’autres études sont nécessaires afin de répondre à toutes ces
questions controversées.
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Summary The success of free tissue transfer depends on the quality of vascular micro-
anastomosis and recipient vessels. Adequate recipient vessels are sometimes not available near
the recipient site for they can be either destroyed or of poor quality (radiotherapy, traumatism).
In such cases, good quality recipient vessels are at a distance from the reconstructed site. If this
distance is important flap pedicle lengthening implies — for the artery, for the vein or for both
flap artery and vein. This lengthening can be carried out in two manners — by interpositional vein
grafts (VG) or by a vascular loop (VL) in one or two stages. The aim of this study was to review the
utilisation of VL and their type since their introduction in the clinical practice of reconstructive
microsurgery. Two main types of VL are used — BV by VG and VL ‘‘in situ’’. Both of them can be
carried out in one or two stages. Each of these techniques has its advantages and disadvantages.
The overall data from the literature shows that VL are indicated in cases where both artery and
vein are damaged or destroyed. There is not enough evidence concerning the VL in one or two
stages but there are some tendencies in favour of the VL in one stage. The technique of VL seems
to be more avantageous over the interpositional VG but with a smaller success rate compared
to free-flaps with direct anastomosis to recipient vessels. Further studies are necessary to
investigate these controversial questions.
# 2013 Published by Elsevier Masson SAS.

Introduction

Les transferts libres (TL) avec micro-anastomose vasculaire
(ou lambeaux libres [LL]) représentent une option thérapeu-
tique de choix dans les cas de reconstruction de pertes de
substances (PDS) complexes lorsque les lambeaux locorégio-
naux ne sont pas indiqués [1,2].

Le succès du TL dépend d’une planification préopératoire
rigoureuse et de la qualité des micro-anastomoses [3]. La
qualité des vaisseaux receveurs (VR) joue également un rôle
majeur dans la réussite de la reconstruction, permettant
ainsi une anastomose sur des vaisseaux sains [4]. Dans cer-
taines situations, les VR voisins de la perte de substance sont
inutilisables, soient qu’ils aient été détruits, soient altérés.
Un allongement du pédicule du lambeau est alors nécessaire,
soit de l’artère, soit de la veine ou des deux [5,6]. Cet
allongement peut s’effectuer de deux manières : par inter-
position de greffons veineux (GV) ou par réalisation d’une
boucle vasculaire (BV) [5]. La BV trouve sa principale indica-
tion dans le cas où artère et veine nécessitent un allonge-
ment [6].

Le terme de BV désigne un GV, dont les deux extrémités
sont anastomosées respectivement à une artère et à une
veine de débit suffisant sous la forme d’une « boucle » (ou
sous la forme d’un « U ») [5]. Ce GV est ensuite sectionné
au niveau de la boucle, réalisant alors deux extrémités
distinctes : une artérielle et une veineuse. Celles-ci sont
anastomosées à l’artère et la veine du lambeau, assurant
ainsi un allongement de son pédicule vasculaire.

Le but de cette étude était de réaliser une revue de la
littérature sur l’indication des BV, leurs différents types,
techniques et variantes, depuis leurs premières descriptions.

Matériel et méthodes

Une revue de la littérature de 1970 à 2012 était réalisée. La
recherche bibliographique était effectuée sur PubMed et sur
la base de données Cochrane.

Les mots clés utilisés étaient : vascular loops, arteriove-
nous loops, arteriovenous fistula, arteriovenous shunt. Tous
les types de publications (revues, articles originaux, cas

cliniques) en anglais et français étaient retenus. Des livres,
des atlas de chirurgie et des monographies accessibles conte-
nant des informations sur les BV étaient également inclus.
Les publications concernant les GV en lien avec les techni-
ques de BV étaient retenues.

Résultats

Historique

Le premier GV était utilisé chez l’homme par le chirurgien
espagnol Jose Goyanes [7] en 1906. Il rapportait le cas d’une
reconstruction d’une artère poplitée après résection d’un
anévrisme syphilitique par un GV de la veine poplitée. Erich
Lexer utilisait pour la première fois un GV de la veine
saphène pour une réparation de l’artère axillaire [7].

Le premier cas d’interposition de GV en microchirurgie
était rapporté en 1975 par Fujikawa et O’Brien chez le lapin
[8]. En 1977, Beimer rapportait 38 cas de reconstructions
microchirurgicales utilisant des GV d’interposition [9].

La technique d’interposition de GV saphène était étudiée
par Servant et Revol dans la réparation de membre inférieur
par LL [10].

Threlfall et al. sont considérés comme les premiers à avoir
réalisé une BV en deux temps en 1982 [11]. Salibian et al.
développaient le concept de la BV en deux temps [12] et Nahai
et Hagerty proposaient la technique de la BV en un temps [13].

Terminologie

Le terme « BV », utilisé dans la littérature française [14,15]
correspond au terme vascular loop ou arteriovenous loop des
anglo-saxons [16]. Les termes « fistule artério-veineuse »
(arteriovenous fistula des anglo-saxons) [17] ou « shunt
artério-veineux » (arteriovenous shunt des anglo-saxons)
[18] sont également répandus.

Les étiologies qui imposent l’utilisation de
boucle vasculaire

Les BV trouvent deux principales indications dans les TL :
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� en cas de VR voisins de la perte de substance détruits
(traumatisme, brûlure, intervention(s) chirurgicale(s)
précédente(s) [19] ;

� en cas de VR de mauvaise qualité (radiothérapie, trau-
matisme, brûlure) [14].

Une troisième indication est rapportée. Dans le cas de
perte de substances des extrémités et d’axe vasculaire
unique, une BV peut être réalisée. Dans ce cas un LL peut
être branché en termino-latéral sur cet axe à condition que
la perfusion en aval soit préservée ; dans le cas contraire, une
BV peut être indiquée [20].

Traumatisme
Après traumatisme à haute énergie (notamment au niveau
des extrémités), la paroi des vaisseaux et les tissus péri-
vasculaires sont largement remaniés. Ces modifications
sont nommées « maladie vasculaire post-traumatique »
(MVPT) et apparaissent environ une semaine après le trau-
matisme. Ces vaisseaux sont alors difficiles à disséquer car
entourés de fibrose, se spasment et sont facilement lésés.
Ils perdent ainsi leur thrombo-résistance [14,21]. La fibrose
périvasculaire peut s’étendre sur 10—12 cm au-delà des
limites cliniquement visibles de la zone cutanée atteinte
[22].

Le système veineux superficiel peut être également
atteint et inutilisable pour des anastomoses [20]. Cette
fibrose post-traumatique et post-cicatricielle peut rendre
alors les vaisseaux inutilisables [19].

Brûlure
Les brûlures détruisent les vaisseaux ou entraînent une
fibrose majeure vasculaire et périvasculaire qui rend difficile
voire impossible leur dissection [23].

Radiothérapie
La radiothérapie quant à elle provoque une fragilisation des
vaisseaux, une destruction des vasa vasorum, l’épaississe-
ment de la paroi vasculaire et une fibrose. Les conditions de
micro-anastomose sont difficiles et prédisposent à la throm-
bose. La sclérose du tissu périvasculaire est également
importante [3].

Maladie vasculaire périphérique (MVP) des extrémités
La MVP entraîne non seulement une atteinte vasculaire
pouvant nécessité une revascularisation, mais également
une atteinte cutanée avec potentiellement des pertes de
substance pouvant exposer des éléments nobles [24]. Chez le
patient diabétique, ces plaies ont également une origine
neuropathique.

Les reconstructions de PDS ischémiques au niveau du pied
et de la jambe par greffe de peau, lambeaux locaux et
locorégionaux sont souvent non indiquées dans ces condi-
tions d’ischémie voire de surinfection [25,26].

La couverture par LL est de plus en plus décrite chez les
sujets atteints d’une artériopathie périphérique, malgré
l’idée reçue qu’ils ne s’agissent pas de bons candidats pour
ce type de chirurgie. Dans ce cas, les VR ne sont pas per-
méables ou présentent des sténoses multiples imposant le
branchement du lambeau à distance de la PDS par l’inter-
médiaire de GV ou d’une BV [27].

Chirurgie précédente
Des interventions chirurgicales antérieures peuvent conduire
à une destruction des vaisseaux (ex. curage ganglionnaire
cervical radical) ou à une fibrose vasculaire et périvasculaire
importante [8].

Inflammation chronique
Les infections et les inflammations entraînent une fibrose
pouvant rendre difficile voire impossible l’utilisation des
vaisseaux à proximité de la PDS [27].

Autres causes
Selon Masquelet et al., les VR de petits calibres,
l’artériosclérose et l’exposition difficile (abord en profon-
deur) peuvent conduire à l’utilisation de BV [28].

Types de boucle vasculaire selon le greffon utilisé

Des GV sont utilisés habituellement pour la réalisation de BV.
La veine saphène interne (homo- ou contro-latérale par
rapport à la PDS) (VSI) est la plus souvent utilisée, suivie
par la veine saphène externe (VSE) (Fig. 1 et 2) [29]. La VSE
possède un diamètre interne plus petit que celui de la VSI,
mais proche de celui du diamètre des artères des plus grands
lambeaux (grand dorsal, grand droit) [30]. Cette congruence
diminuerait le risque de thrombose [31].

Par ailleurs, la VSI est plus longue (40—45 % de la taille du
sujet) et peut être utilisée dans des cas où un allongement
important est nécessaire (Fig. 3).

La veine céphalique et la veine basilaire ont été aussi
utilisées avec succès dans les BV [32,33].

Par ailleurs, des greffons artériels ont été proposés avec
des résultats incertains [34,35]. Quant à l’utilisation de
prothèses vasculaires synthétiques, elle n’apparaît pas
fiable, celles-ci présentant une perméabilité faible au des-
sous de 4 mm de diamètre [36].

Types de boucle vasculaire selon les techniques
de réalisation de la boucle vasculaire

Deux techniques principales ont été décrites [5] :

� BV par GV libre : les deux extrémités du GV sont anasto-
mosées à une artère et à une veine, respectivement de
haut débit (l’extrémité distale est anastomosée à l’artère
pour inverser la direction des valvules veineuses) ;

� BV « in situ » : l’extrémité distale de la veine est anasto-
mosée à une artère en laissant l’autre extrémité en
continuité avec le système veineux (assurant le retour
veineux) (Fig. 2 et 3) [30].

Les avantages des BV« in situ » ont été soulignés par
Vlastou et al. [30] :

� réalisation d’une seule anastomose : temps chirurgical
raccourci, diminution du risque de thrombose ;

� les vaisseaux communicants entre le système veineux
superficiel et profond peuvent être préservés au niveau
de l’extrémité en continuité avec le système veineux.
Cela peut faciliter le drainage veineux même en cas
d’obstruction veineuse profonde [30].
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Deux autres types de BV ont été également décrits :

� la BV chez le sujet diabétique utilisée pour la revascu-
larisation du pied en réalisant une anastomose latéro-
latérale entre la BV et l’artère tibiale postérieure [24] ;

� la BV « in vitro » : le GV est préalablement anastomosé au
pédicule du LL prélevé sur une table d’instrumentation
selon les principes mentionnés ci-dessus. Cette technique
proposée par Acland est appelée blind loop [21] ou
« boucle extra-corporelle » [37]. Les avantages d’une
réalisation plus aisée, de la possibilité de travailler en
double équipe ainsi qu’un meilleur contrôle des fuites au
niveau du GV [37] sont largement remis en question [38].
Le temps d’ischémie chaude du lambeau est également
supérieur [38].

Types de boucle vasculaire selon le temps de
section : boucle vasculaire en « un » ou « deux
temps »

La section de la BV et l’anastomose avec les vaisseaux du LL
peuvent être effectuées en un ou deux temps. Il n’y a pas de
consensus par rapport au délai entre les deux temps opéra-
toires, qui peut être de trois jours [18] à trois semaines [23].

Figure 2 Boucle vasculaire de la veine petite saphène dans la
reconstruction du membre inférieur.

Figure 1 Anatomie des veine petite et grande saphène.
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Les résultats des études sont contradictoires concernant
les BV en un ou deux temps et leur rôle dans le succès du TL
[19,39].

Dans la BV en deux temps, l’intervention est divisée en
deux temps de durée plus courte, avec une possibilité
d’effectuer le premier temps sous anesthésie locale [17].
Dans le second temps, les VR sont facilement retrouvés et
l’anastomose est effectuée en superficie, ainsi plus aisément
[20].

Selon Lin et al., la BV en deux temps diminue la possibilité
de complications anastomotiques « en série » et permet la
détection de complications de la BV avant le transfert du
lambeau [6]. Le contrôle de la BV peut être effectué clini-
quement (palpation digitale) et/ou par imagerie médicale
(angiographie et écho-Doppler). La palpation digitale est,
selon Devansh, très fiable et suffisante [20]. L’écho-Doppler
est aussi adapté car non invasif et fiable [20], bien que Lin
et al. soulignent la possibilité de faux négatifs (boucle per-
méable au doppler et thrombose à l’exploration) [6].

L’artériographie a été utilisée par Picard et al. avant le
transfert du lambeau [15] mais n’a pas d’indication selon
Devansh [20].

En théorie, le risque de thrombose est moindre dans les BV
en deux temps du fait d’une régénération de l’endothélium
[40—42]. Cet avantage apparaît théoriquement important,
mais Lin et al. et Atiyeh et al. montrent un taux de thrombose
plus élevé dans les BV en deux temps [6,43]. En 1995, Atiyeh
et al. montrent une supériorité de la BV en deux temps [17].
En 2001, du fait d’une plus grande expérience, la BV en un
temps est devenu la plus fiable, les thromboses des BV en
deux temps est de l’ordre de 50 % [43]. Ritter et al. ont
rapporté une perméabilité de BV en un temps de l’ordre de
100 % [31]. Masquelet et al. rapportent de meilleurs résultats
avec des BV en un temps, surtout dans les cas où un long GV
doit être utilisé [19].

Selon Masquelet et al., un long GV donne une BV trop
« aiguë » avec une stase sanguine, pouvant entraîner une
thrombose, surtout dans les cas de BV en deux temps [19].

Alors que Vogt et al. ne retrouvent pas de différence entre
les BV en un ou deux temps [44], Cavadas [45] et Demiri et al.
[46] obtiennent de meilleurs résultats avec la BV en un
temps.

Boucle vasculaire dans la reconstruction des
membres

L’utilisation de BV reste la plus importante dans la recon-
struction des extrémités par LL [6,47] où elle a été décrite
pour la première fois par Therfel et al. en 1982 (Fig. 2) [11].

Boucle vasculaire en traumatologie des membres
Les traumatismes sévères des membres imposent de larges
parages et des reconstructions complexes. Le TL apparaît
alors la technique de choix. Cependant, les VR ne sont pas
toujours utilisables suite à une MVPT [14].

Les PDS des tiers moyen et inférieur de la jambe sont
difficiles à réparer (peu de possibilité de lambeaux locoré-
gionaux) et le branchement d’un LL doit être effectué en
zone saine [20].

Au niveau de la cuisse, les reconstructions par LL sont plus
rares [6,29].

Les indications d’utilisation de BV au niveau des bras et
avant-bras semblent également plus rares [31,36,45].

Le taux de succès dans ces cas reste moins bon (91 % selon
[27]) par rapport à la reconstruction post-carcinologique ou
post-anomalie (de 95 % à 100 %) par LL [20,27]. Godina a
rapporté 9,5 % d’échec dans les reconstructions des membres
post-traumatiques [48] dus à la MVPT. Pour ces raisons,
certaines équipes proposent la réalisation du LL dans la
« phase aiguë » (avant le 7e jour) avant la constitution des
altérations caractéristiques de la MVPT [48]. Ninkovic et al.
ont rapporté un taux de succès de 100 % de LL lors de la
couverture immédiate des membres traumatisés [49]. La
couverture immédiate par LL limite le taux d’infections dans
les traumatismes sévères de membres [50].

Dans la majorité des cas il s’agit de patients poly-trau-
matisés chez lesquels un geste de couverture microchirurgi-
cale en urgence est contre-indiqué [14]. Ainsi la
reconstruction microchirurgicale est différée, il est alors
impératif d’effectuer une micro-anastomose sur des vais-
seaux sains [14,20].

La réfection de moignons post-amputation par TL à l’aide
de BV est également une indication importante [14,19].

Boucle vasculaire en maladie vasculaire périphérique
La stratégie de revascularisation de la jambe en cas de MVP
(diabétique, patient âgé) est bien établie, le bypass vascu-
laire distal représentant la technique de choix [50,51]. La
revascularisation distale permet une amélioration de la
vascularisation et une cicatrisation des plaies ischémiques
[17] en cas de plaies superficielles non compliquées [52]. En
cas de large PDS souvent associée à une exposition tendi-
neuse et/ou osseuse et/ou à une infection des loges et/ou
ostéite, la cicatrisation dirigée est impossible. Les greffes de
peau, les lambeaux locaux et locaux-régionaux au niveau du
pied et de la jambe sont souvent inadaptés dans les cas

Figure 3 Boucle vasculaire de la veine grande saphène dans la
reconstruction du tronc.
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d’ischémie et d’infection [25,26]. Dans ces cas, devant
l’alternative d’amputation, la couverture par LL est une
solution, malgré l’idée classique que les sujets atteints
d’une MVP (surtout diabétiques) ne sont pas de bons candi-
dats pour ce type de chirurgie [17]. Ce concept de sauvetage
de pieds basé sur le TL s’est imposé progressivement au cours
de ces 15 dernières années, notamment grâce à la technique
de la BV [53—55]. Dans ces cas, il est possible de brancher le
lambeau à distance de la PDS par l’intermédiaire de GV ou
d’une BV.

Le TL peut être effectué après une revascularisation par
GV, en branchant le LL sur le GV en termino-latéral. Cepen-
dant, nombreux sont les patients qui ne pourront pas subir
une telle revascularisation [52]. Dans ces cas les LL peuvent
être vascularisés à l’aide de longues GV anastomosés à
l’artère poplitée [52].

Boucle vasculaire dans d’autres étiologies de la jambe
Lin et al. et Masquelet et al. ont utilisé les BV dans des
réparations de PDS suite à ablation de tumeur avec radio-
thérapie adjuvante [6,19]. Freedman et Meland ont utilisé la
méthode dans deux cas de néoplasme au niveau des extré-
mités [36]. La réparation des brûlures à l’aide de BV apparaît
une indication intéressante [23].

Boucle vasculaire dans la reconstruction de la
tête et du cou

Les indications les plus fréquentes sont les PDS en carcino-
logie avec ou sans radiothérapie, puis les PDS traumatiques
[15].

Picard et al. ont rapporté un cas de reconstruction du
maxillaire suite à un traumatisme balistique [15]. Topolan
et al. ont utilisé la BV en version « extra-corporelle » pour
branchement d’un lambeau radial antébrachial dans le cas
d’une rhinopoïèse post-traumatique, ainsi que dans le cas
d’une otopoïèse post-traumatique (utilisant le cartilage préa-
lablement implanté en sous-cutané sur l’avant-bras) [37].

Ritter et al. ont utilisé les BV pour la réparation en
chirurgie oncologique et après radiothérapie dans des loca-
lisations diverses : cuir chevelu, mandibule, hémi-face,
région occipitale, après exentération orbitaire [31].

Au niveau de la tête et du cou, le curage ganglionnaire
cervical radical reste une indication importante d’utilisation
de BV [16,45].

Boucle vasculaire dans la reconstruction du tronc

Les LL représentent une indication plus rare (Fig. 3) [56].
Freedman et Meland ont réparé la région sacrée à l’aide

de FAV saphène interne « in situ » en un temps [36]. Vogt
et al. ont utilisé la même technique pour une PDS sacrée
après radiothérapie [44]. Earle et al. rapportent également
cette technique dans un cas d’ostéite sacrée post-trauma-
tique et dans un autre de pelvectomie traumatique [29].

Les BV pour réparation des escarres sacrées ou des PDS
sacrées après large exérèse tumorale ont été utilisées par
Ritter et al. [31].

La PDS de la région lombaire représente un défi particu-
lier, en effet le lambeau de grand dorsal représentant la
seule solution locorégionale. Il peut être utilisé sur ses

perforantes lombaires et intercostales. Dans cette région,
il est représenté par sa partie fascio-tendineuse et sa vas-
cularisation par les perforantes peut s’avérer insuffisante en
cas de large libération de la masse musculaire. La réparation
de la région lombaire apparaît alors difficile d’autant plus
que cette région est « pauvre » en VR [18].

Lin et al. ont utilisé les BV dans deux cas de spondylite
pyogène avec succès [6].

Rechnic et al. ont utilisé les BV dans la reconstruction de
PDS lombaires après chirurgie de rachis compliquée d’ostéite
après plusieurs échecs de parages et tentatives de recou-
vrement par lambeaux locaux [18]. Ce type de PDS infectée
sont les indications les plus fréquentes de reconstruction par
LL dans cette région [57,58].

L’utilisation des BV a été décrite pour la reconstruction
mammaire après radiothérapie avec le LL de grand fessier à
pédicule inférieur [31].

En cas de reconstruction du tronc, la BV peut être créée
entre la veine et l’artère fémorale ou entre la veine et
l’artère brachiale. La BV de type « in situ » entre les
vaisseaux fémoraux par la veine grande saphène semble
être la meilleure solution [31]. Cette BV peut atteindre la
région abdominale jusqu’à l’épigastre et la région sacrée
[31], ainsi que la cuisse [29,58]. Cette méthode est consi-
dérée comme plus pertinente que la BV par GV libre dans le
creux axillaire du fait des avantages des BV « in situ » et de sa
simplicité [31]. Reichenberger et al. ont utilisé les BV dans
les reconstructions de sternum après chirurgie cardiaque
avec succès [27].

Conclusion

La technique de la BV est particulièrement indiquée dans les
cas où les deux vaisseaux, l’artère et la veine, sont inutilisa-
bles. Aucun consensus fort sur les avantages des BV en un ou
deux temps ne ressort, même si la littérature tend à montrer
une supériorité des BV en un temps. La technique de la BV
apparaît plus avantageuse que la technique des GV inter-
posés, même si le taux de succès est moins important
qu’avec les LL anastomosés directement. D’autres études
sont nécessaires afin de répondre à toutes ces questions
controversées.
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An extremely rare case of radiculous premolar coexisting with bilateral four-
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Abstract

We present a rare case of three-rooted left permanent maxillary first premolar (MFP) coexisting with
bilateral four-rooted permanent mandibular second molars (MSM). These variants were found
incidentally on cone beam computed tomography (CBCT) images. At best of our knowledge, this is the
first report presenting these rare tooth root variants in one patient. Although this condition is
uncommon the radiologists and clinicians should be aware because of its importance for the successful
root canal treatment, future tooth extraction, apicectomy and other procedures. This report adds a new
knowledge about tooth roots variants and illustrates the possibility of their coexistence in one patient.
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Introduction
One of the main reasons for endodontic treatment failures is
the lack of understanding or underestimation of the root canal
morphology [1].

The intraoral radiographs are usually useful to see the number,
length, curvature and possible variations of the roots and their
canals. But the visualization of some variants like three root
canals of the MFPs with preoperative radiography is not
always possible [2-4].

Recently CBCT with an optimal field of view is an effective
method of choice to diagnose the tooth roots and the canals
morphology due to higher resolution than traditional computed
tomography and the lower radiation [4,5].

Typically, the maxillary first premolar (MFP) has two roots and
two canals, but the number of roots and the canals can vary
from one to three. The incidence of three canals ranges from
1.2 % to 6 % [6-8]. In case of three canals in a premolar they
can be distributed in one, two or three roots [9]. The term
“radiculous” is used to describe the three-rooted premolars.

Usually, the mandibular second molar (MSM) is described as
having three canals, two in the mesial and one in the distal
root, but the number of the root canals can vary up to five,
mostly located in two roots [10-13]. In the MSM, each root

consists of two radicals which usually are not separated along
the root. In some cases the two radicals can be separated
apically, but complete separation is rare [14]. Respectively up
to four roots in permanent MSM are described [1,15-20].

Morphological dental anomalies can be related to a single
tooth, group of teeth or may affect the entire dentition [21-23].

Separate cases of three-rooted MFPs and four-rooted MSMs
have been reported [7-9,11,16,17,20,24]. To best of our
knowledge a coexistence of these variants in one patient has
not been reported yet.

Case Description
We present a case of 63-y-old Caucasian female underwent
CBCT in order to evaluate both jaws before implant treatment
planning.

The CBCT scan was taken by CBCT (ILUMATM, Imtec
Imaging, Ardmore, OK). It was performed according to the
manufacturer’s recommended exposure settings (120 KV, 40 s,
3.8 mA) and patient positioning protocol.

The patient had given informed consent for this examination
and the case description was carried out in accordance with the
principles described in the Declaration of Helsinki and all
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amendments and revisions. Only the investigators had access
to the patient data.

On the CBCT images a three-rooted left MFP with two
incompletely divided buccal radicals and one palatal root was
found incidentally (Figure 1).

Figure 1. CBCT axial slices presenting three-rooted left MFP.

Figure 2. CBCT axial slices of the same patient presenting bilateral
four-rooted MSMs and impacted 38 (empty arrow).

Additionally, MSMs with well separated radicals (n=4)
forming four roots (two mesial and two distal) were found
bilaterally. An impacted left lower third molar was also seen
during the radiographic examination (Figure 2).

Discussion
The knowledge about the teeth root and canal variations is very
important for the successful endodontic treatment and
endodontic surgery. Sometimes these variants can be incidental
findings on the imaging studies used in dentistry as in the
presented case.

In order to diagnose a three-rooted maxillary premolar on plain
x ray image a rule proposed by Sieraski et al. can be used.
They found that when the mesio-distal width of the mid-root
image is equal or greater than the width of the tooth’s crown,
the tooth is most likely to be with three roots [25]. Vertical or
horizontal angulation of the x-ray tube can help to avoid the
root overlapping and in case of doubts CBCT can be used as a
method of choice to confirm the number of roots and their
canals [3,4].

The symmetry of roots and root’s canal morphology is
common for MSM as in our patient, although Plotino et al.
found asymmetrical occurrence in 20% of cases [13].

The left three-rooted MFP in the presented case was unilateral
and respectively asymmetric regarding the root number in
comparison with the opposite two-rooted MFP.

The incidence of three-rooted MFP is not very rare finding-
Vertucci et al. found 5% of 400 MFP to have three canals:
0.5% are teeth with three canals in a single root, 0.5% have
three canals in two roots and 4% have one canal in each of the
three separate roots [9]. But Carns et al. found 6% of MFP
(n=100) to have three roots with a one canal in each of them
[6].

In contrast, the presence of four rooted MSM is a very rare
finding-0.55% according to the results of Shemesh et al. [20].
There are a few case reports and studies reporting data about
four-rooted MSM, among them Purra et al. described an
interesting case of MSM with three mesial and one distal root
[11,16,20,24].

In our case three-rooted MFP coexists with bilateral four-
rooted MSM and we didn’t find a report or study describing
such a combination.

This case emphasize on the possibility of coexistence in one
patient of two rare dental root anatomy variations (except
commonly seen impaction of 38). Therefore clinicians should
pay attention if one anatomic variant is present and to be aware
for coexistence with another.

Further investigations should be performed regarding the
incidence of such combinations between these rare but
important anatomic variants.

Conclusions
CBCT can be very useful tool to present the morphology of the
roots and their canals especially in case of doubt.

The whole field of view must be carefully observed and all
found variations have to be notified.

Although coexistence of three-rooted MFP with four-rooted
MSM is uncommon the radiologists and clinicians should be
aware because of its importance for the dental practice.

This report adds a new knowledge about tooth roots variants
and illustrates the possibility of their coexistence in one
patient.
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Abstract

The ESR International Forum at the ECR 2019 discussed strategies for engaging the young generation. The future of
radiology is a crucial topic that goes hand in hand with tomorrow’s radiologists. The European Society of Radiology
(ESR) established the ESR International Forum in order to discuss hot topics in the profession of radiology with non-
European radiological partner societies. At the ESR International Forum 2019, different strategies, initiatives and
ideas were presented by the different societies with regard to engaging young doctors into radiology.

Keywords: Young generation, Strategies, Radiology, Future

Main messages

� It is important to understand the characteristics of
the younger generation and develop a new approach

� Younger generation needs to be guided, mentored
and delegated more responsibilities

� New and innovative forms of engagement through
technology need to be adopted

� Radiologists’ role is changing, and the image of a
radiologist’s job accordingly needs to be re-
envisioned

� Increased use of social media and technology is the
crucial element for engaging the younger generation

Introduction
The ESR International Forum was established by the
European Society of Radiology (ESR) with the aim of
discussing pivotal themes in the field of radiology with
international societies from outside Europe. The ESR
International Forum is held every year at the European
Congress of Radiology (ECR) and participation is by
invitation only. Previous topics discussed are the relation
between radiology and nuclear medicine, the position of
ultrasound in radiology, the relation of general radiology
and subspecialty radiology, the implementation of clin-
ical decision support and imaging referral guidelines in

the clinical routine, the position of interventional radi-
ology within radiology, and value-based radiology.
The following societies were invited to deliver a pres-

entation and to present the point of view of their
respective country or region: The American College of
Radiology (ACR), the Asian Oceanian Society of Radi-
ology (AOSR), the Brazilian College of Radiology (CBR),
the Canadian Association of Radiologists (CAR), the
Chinese Society of Radiology (CSR), the Colombian
Association of Radiology (ACR), the Egyptian Society of
Radiology and Nuclear Medicine (ESRNM), the Indian
Radiological and Imaging Association (IRIA), the Inter-
American College of Radiology (CIR), the International
Society of Radiology (ISR), the Japan Radiological Society
(JRS), the Korean Society of Radiology (KSR), the
Mexican Federation of Radiology and Imaging (FMRI),
the Mexican Society of Radiology and Imaging (SMRI),
the Radiological Society of North America (RSNA), the
Radiological Society of Saudi Arabia (RSSA), the Radio-
logical Society of Thailand (RST), the Royal Australian
and New Zealand College of Radiologists (RANZCR),
the Royal College of Radiologists of Thailand (RCRT),
and the Radiological and Diagnostic Imaging Society of
Sao Paulo (SPR). The host presented the situation in
Europe. In addition, representatives of non-European
past “ESR meets” countries of the last five years were in-
vited to the meeting.
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The situation in North America
E. Lee presented on behalf of the Canadian Association
of Radiologists (CAR). Placing special emphasis on en-
gagement as the main task of any association, E. Lee
pointed out that in a landscape that is increasingly com-
petitive, it is important to demonstrate value and appeal
to current and future members. Historically, radiology
has been considered one of the most competitive spe-
cialties in the Canadian Resident Matching Service
(CaRMS). In recent years there has been widespread
speculation that applications are decreasing as the num-
ber of radiology positions has increased while number of
applicants has not grown commensurately. The situation
has, however, mostly corrected itself. Currently around
80% of Canadian radiologists are members of the CAR.
Seeing how the constant increase of membership is vital
for the healthy functioning of the association, the CAR
has set a goal of 2% increase in membership per year,
with the increase in 2018 being 10%. In order to achieve
this goal CAR is strongly focusing on residents, while
maintaining relationships with reciprocal provinces and
developing new partnerships with non-reciprocal prov-
inces. In order to tackle the challenge of motivating resi-
dent members the CAR has implemented a strategy
targeted specifically at them, such as a dedicated resident
section on the CAR website, discounted membership
and conference registration, and a Membership Working
Group, among others. E. Lee explained that the idea be-
hind the strategy is that the chances of retention are sig-
nificantly increased if members can be recruited before
they enter the workforce. The CAR emphasises word of
mouth and testimonials as one of the most important
communication techniques. According to E. Lee, having
ambassadors spread the word will be the single most ef-
fective method in reaching the association’s recruitment
and retention goals. Vital elements of this approach are
identifying key opinion leaders that can speak the key
messages, liaising with non-members, providing a visibil-
ity platform and empowering ambassadors with tools
and resources. Finally, E. Lee outlined significant oppor-
tunities for internationals. The CAR can help bridge the
connection and provide information on placements and
jobs for new graduates as well as offer a discounted rate
for international members as an excellent way of getting
Canadian specific information.
V. P. Jackson, presenting on behalf of the Radiological

Society of North America (RSNA), explained that en-
couraging young people to join and become members is
a high priority. The societies are competing for mem-
bers’ time and money. That is why it is important to
understand what young people want and need, as op-
posed to what the societies think they need. In order to
tackle this issue, the RSNA has developed a variety of
tools, including free membership (includes RSNA

Annual Meeting and 5 journals), volunteer committee
service opportunities, a specialised Resident and Fellow
Committee, introduction to Research programme, R&E
Foundation grants, as well as the RSNA Diagnosis Live
gaming tool that is free for residency programs world-
wide. The RSNA gives special attention to early-career
practitioners. They do not pay full dues during the early
years of membership but nevertheless have full access to
the RSNA Annual Meeting and journals, volunteer ser-
vice opportunities, education for all aspects of any type
of career as well as R&E Foundation grants.

G. McGinty, on behalf of the American College of
Radiology (ACR), emphasised the incredibly vibrant
resident and fellow section of the ACR. The ACR
provides free membership to residents and fellows and
offers representative governance to both trainees and
young practicing physicians including a seat on the
ACR board for this latter group. This representation
allows residents and fellows to bring policy resolutions
to the ACR Council floor, thus effectively highlighting
topics that are pertinent to this community. An
important activity mentioned by G. McGinty is the
ACR community’s active engagement on social media
as well as its internal networking platform called
Engage. This online conversation helps identify
concerns among the trainee and young physician
groups and helps set priorities for the organisation as a
whole.

The situation in Latin America
M. Hernandez Cruz, on behalf of the Mexican Feder-
ation of Radiology and Imaging (FMRI), presented the
current situation in Mexico. Due to the fact that only
around 50% of the 164 medical schools and faculties in
Mexico include radiology in their curriculum, the stu-
dents have little knowledge and interest in radiology.
That is why the FMRI strives to generate interest among
medical students. In order to achieve their goals, the
FMRI has asked the Secretariat of Public Education to
include radiology in all their programmes. The FMRI
also provides teaching tools and the newest technologies
to faculties and schools and actively involves students in
the learning process. M. Hernandez Cruz further pro-
vided an example of a successful case study from the
Universidad Autonoma de Nuevo Leon. This university
includes radiology in its program and offers students
with the best results the opportunity to become instruc-
tors after successfully finishing a course, thus giving the
students an active role in the teaching-learning process.
This approach has resulted in an increased interest in
radiology and its role in patient care. Additionally, 118
students have so far took part in the radiology course as
instructors, more than 50 applicants per year have
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registered for the program and the overall success of the
students in the medical school has increased. Finally, M.
Hernandez Cruz summarised the strategy for demon-
strating medical students the importance of radiology.
He emphasised the need for image in patient care, lead-
ership in healthcare and innovation and technology,
pointing out that radiologists must see new technologies
as an opportunity. In conclusion, M. Hernandez Cruz
expressed positivity regarding the future of radiology
saying that radiology will continue to be an important
part of medicine.
M. Palacios Montesinos on behalf of the Mexican So-

ciety of Radiology and Imaging (SMRI), spoke about
the importance of understanding millennials as the new
generation. According to M. Palacios Montesinos, re-
gardless of their nationality millennials have some com-
mon traits, such as being digital natives and multitasking
among others. The societies need to adopt new pro-
grammes, motivate and encourage millennials, and de-
velop specialised plans tailored to each generation. M.
Palacios Montesinos presented three main strategies of
the SMRI. Firstly, it is important to spread enthusiasm,
with a dose of reality, to better understand technological
processes and to encourage and guide young people.
Furthermore, activities aimed at the younger generation
need to be posed as challenges or goals and it is crucial
to dedicate time and effort to obtain positive results.
Finally, investments in communication technologies and
the promotion of virtual training tools, technological
advances and the A.I. are crucial. M. Palacios Montesi-
nos concluded that the historical, political, social, cul-
tural and technological changes have marked and
moulded the millennials in different ways and that their
role and generational importance will depend on their
way of engaging with the world.
M. E. Oyuela representing the Colombian Associ-

ation of Radiology (ACR), presented the context of
radiology education in Colombia. The country operates
18 radiology post-graduate programmes, with 265 resi-
dents currently in the ACR. Since 2017 the ACR estab-
lished quality standards programme for radiologist in
training. The programme serves as a reference for uni-
versities’ self-assessment of training programmes and al-
lows them to develop new education curricula. M. E.
Oyuela pointed out that in order to engage new genera-
tions it is crucial to identify radiologists’ mental barriers.
Having those barriers in mind, the ACR has developed a
strategy proposal divided into two aspects: techno-
logical/academic and humanistic. From the technological
and academic point of view, M. E. Oyuela emphasised
the importance of training with a systematic approach,
allocating time and resources for research and greater
involvement of mentors. Online radiological networks,
web-based learning, social media as well as delegating

residents responsibilities in accordance with their com-
petences present important aspects of the ACR strategy.
From the humanistic point of view, important elements
include person centred care, communication skills, work
in interdisciplinary groups, professional and ethical com-
petence, greater work-life integration, equality of oppor-
tunity regardless of gender, emotional support, empathy
and respect. Finally, M. E. Oyuela stressed the import-
ance of minimally invasive procedures, promotion of
accredited services, adapting to change and participation
in the society’s activities. M. E. Oyuela concluded that
these strategies will contribute to the engagement of
new generations of young radiologists, and ultimately
lead to better professionals and better human beings.
A. Sarmet Santos, on behalf of the Brazilian College

of Radiology (CBR), presented the background informa-
tion on the society as the official national entity repre-
senting the radiologist in Brazil. The society currently
has more than 12,000 radiologists, with around 40%
younger than 40 years. There are currently 212 centres
for training in radiology in Brazil with 2,212 residents in
training. A. Sarmet Santos pointed out the importance
of understanding what young people expect form the so-
cieties - learning and professional formation, protection
of their interest and opportunities other than just a job.
In that sense the CBR organises the annual Brazilian
Congress of Radiology, continuous medical educational
courses, annual ESOR courses as well as hands-on
courses. A. Sarmet Santos further pointed out that the
CBR publishes formal job opportunities in every com-
munication outlet of the CBR and offers special awards
to residents. The CBR highlights opportunities for clin-
ical and research fellowships for young professionals,
within and outside the country, by consulting a network
of established academic radiologists. Furthermore, the
CBR has an agreement with the Brazilian Ministry of
Education aimed at supervising and preforming regular
evaluation of every residence program in the country.
The CBR also acts in cooperation with the Brazilian
Medical Association and Federal Council of Medicine to
ensure a reliable radiology practice for all professionals,
especially the new ones, and offers general legal counsel-
ling to every member of the CBR. A. Sarmet Santos
emphasised the importance of mobile learning initiatives
and other educational initiatives such as Radiologia Bra-
siliera journal, open access journal, hands-on training
and face-to-face training series. Finally, A. Sarmet Santos
presented the CBR goals for the 2019-2020 period, pri-
marily the launch of the CBR’s Virtual Learning environ-
ment, that will offer distance courses and performance
evaluation.
C. Homsi, represented the Radiological and Diagnos-

tic Imaging Society of Sao Paulo (SPR). The SPR is a
society of more than 7,000 members, with around 50%

European Society of Radiology (ESR) Insights into Imaging            (2020) 11:7 Page 3 of 9



younger than 34 years. The SPR offers these young pro-
fessionals several benefits that provide a high level of
educational content and opportunities for professional
improvement. C. Homsi pointed out the online course
for residents that is free of charge for members of the
SPR and content-wise provides all the information that a
resident should know at the end of the 3-year
programme of residency. Another important tool of the
SPR is the Feres Secaf course, a 4-day event with 180
lecturers and more than 1,800 participants. The course
serves as the annual residents meeting and its scientific
program offers themes regarding daily routine of diag-
nostic imaging, professionalism courses as well as case
review discussions. C. Homsi further mentioned the
activities of the Roentgen Club and the Manoel de
Abreu Club that offer lecture presentations and case-
based review discussions with cases being prepared and
presented by the residents. The SPR maintains 15 sub-
specialist study groups with more than 4,000 participants
in 2018, as well as subspecialist advanced courses. The
SPR also invests in the hybrid teaching model, a pro-
gram that starts with an online theoretical phase and
then develops the practical module. C. Homsi pointed
out that all the members of the SPR have free access to
the STATdx platform, the world's largest digital radi-
ology database and that the SPR offers opportunities for
residents to participate in international fellowships pro-
grams, international congresses and international
courses. He concluded that the SPR is very successful in
attracting young radiologists and that their main con-
cerns currently are the specialist over 46 years of age
that are losing their interest in radiology.
H. Carrete Junior, representing the Interamerican

College of Radiology (CIR), gave an overview of the
CIR that was founded in 1943. He pointed out the
importance of defining the generations properly, making
a distinction between millennials, born between 1981
and 1996, who are now residents and radiologists, and
post-millennials, born from 1997 onward, who are cur-
rently students. As each generation has its own charac-
teristics H. Carrete Junior presented the key factors that
in his view differentiate these two groups and suggested
adopting a special approach towards the Gen Z as they
are the first truly digitally native generation that is ac-
customed to having information at their fingertips. H.
Carrete Junior therefore suggests adopting new strategies
for teaching the Generation Z focusing on short lectures
with graphical and digestible content, maintaining rele-
vance by explain upfront why a lesson is needed and
how it can be applied in the real world as well as estab-
lishing student alliances. When it comes to residents
and young radiologists H. Carrete stressed the import-
ance of implementing a variety of teaching methods fo-
cused on innovation and the issue rather than the

organisation. Ultimately, it is important to promote
competitions or challenges and demonstrate social
responsibility.

The situation in Egypt
T. El-Diasty, on behalf of the Egyptian Society of Radi-
ology and Nuclear Medicine (ESRNM), spoke about
the situation in Egypt. He presented the main problems
faced as well as the strategies implemented by the
ESRNM to overcome them. Lack of an applicable plan
for continued education leads to the young generation
not being aware of how the learning process is going to
continue. The ESRNM thus proposes setting up a plan
with clear methods of application, instructing the young
generation and setting up orientation meetings to be
done by the training committees all over Egypt. One of
the problems faced by the younger generations is that
professional training using advanced tools is very local-
ised and limited to certain hospitals due to a relatively
low number of such tools in comparison to the number
of radiologists. The ESRNM proposed designing a clear
clinical training programme that facilitates rotation of
the junior radiologists in well-equipped hospitals. T. El-
Diasty also spoke about the difficulties faced by the
younger generation regarding external training. Very few
opportunities for joining western radiology fellowship
programmes are available to Egyptian radiologists. The
ESRNM therefore advocates for a more active involve-
ment of sponsors and cooperation with international so-
cieties/organisations. An important issue is that research
is not widely well implemented in universities, teaching
hospitals and governmental hospitals. As much as 70%
of radiologists in Egypt have not been engaged in any re-
search activity due to limited capacity or lack of mentor-
ing and motivation. The proposed solutions aim to
create research teams that offer research courses, pro-
vide a research plan to each group of hospitals based on
their needs and location and to engage radiologists.
Additionally, the ESRNM offers lectures, courses and
workshops on scientific writing at different radiology de-
partments and annual conferences and promotes publi-
cations through international journals including the
Egyptian Journal of Radiology and Nuclear Medicine
(EJRNM). Finally, T. El-Diasty pointed out that most of
the young generation is not aware of membership bene-
fits. He concluded that the younger generation should
be offered free membership, free/reduced registration for
training courses/national and international meetings,
educational materials, and membership in other
societies.

The situation in Saudi Arabia
L. G. Jamjoom, on behalf of the Radiological Society of
Saudi Arabia (RSSA), presented the demographic
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background of the country emphasising the strength of a
very young, well-educated population. L. G. Jamjoom ex-
plained that leaders from every area of the society have
created an action plan to be completed by 2030 with
three fundamental objectives being a vibrant society, a
thriving economy and an ambitious nation. In the con-
text of education, and in particular medical education, L.
G. Jamjoom pointed out that radiology is integrated in
every module throughout the 3rd year of medical school
education with medical students additionally attending
an intensive 2 week radiology course during the 4th and
the 6th year, with lectures in all radiology subspecialties,
practical rounds and students’ presentations. Radiology
department at the King Abdulaziz University Hospital
(KAUH) hosts approximately 10 to 12 interns every
month, and the interns get the chance to shadow the
residents and attend lectures and departmental meet-
ings. When it comes to residents, there are currently 40
residency programs with a total of 547 residents. Ap-
proximately 20 years ago, the government has created a
very successful scholarship programme; 90% of Saudi
board-certified radiologists complete the fellowship
training, with 70% of them doing the fellowship training
abroad. The country operates 7 body imaging and non-
vascular intervention fellowship programmes and 8
interventional radiology fellowship programmes. In con-
clusion, L. G. Jamjoom stated that the RSSA plays an ac-
tive role in education through providing visiting
professors for different regions as well as through inter-
national collaborations.

The situation in India
H. Patel, on behalf of the Indian Radiological and Im-
aging Association (IRIA), presented the situation in
India. Radiology is one of the most sought-after special-
ties in India for more than a decade. More than 50% of
radiologists in India are younger than 42. In order to
identify the main needs of the younger generation, the
IRIA conducted a survey, resulting in a list of priorities
and consequently appropriate actions and solutions.
Some of the needs expressed by the younger generation
include, inter alia, learning for everyone, the use of
technological advances such as 3D printing and molecu-
lar imaging, increased use of web and social media, as
well as more financial support for innovative ideas. In
order to tackle these issues, the IRIA has developed a
variety of tools aimed at helping the younger generations
and meeting their needs. The IRIA organises CMEs at
various state and district levels so that radiology teaching
can reach every corner of the country, with this year’s
primary focus on Interventional Radiology and Breast
Imaging. Due to a large interest of the younger gener-
ation in sonography, H. Patel pointed out that the IRIA
also organises a SonoSummit, the largest conference

focused on sonography in India that has workshops and
live demos at the forefront. One of the most important
initiatives launched by the IRIA is the Youth Wing of
Radiology (YUWA), working exclusively on the welfare
of postgraduate residents and young radiologists. As part
of its activities in 2019, YUWA celebrated international
women’s day in 100 cities in India, organising meetings
exclusively for women radiologists and dealing with
topics such as women's imaging, finance management
and health tips. H. Patel concluded that the YUWA ini-
tiative helps understand and address the problems faced
by radiology residents and young radiologists, serves as a
platform to showcase talent of the younger generation
and helps radiology residents by preparing them for fu-
ture challenges.

The situation in Thailand
A. Churojana, presenting on behalf of the Royal College
of Radiologists of Thailand (RCRT) and the Radio-
logical Society of Thailand (RST), provided back-
ground information regarding radiology training in
Thailand. A. Churojana explaining that there are cur-
rently 8 institutes that provide training in diagnostical
radiology, radiation oncology and nuclear medicine. The
quotas for training in diagnostic radiology in 2019 have
been filled, indicating interest of the younger generation
in this field. However, as it is important to engage the
younger generation even further, A. Churojana pre-
sented a three-fold approach for achieving that goal,
namely undergraduate promotion, postgraduate promo-
tion and public promotion. Undergraduate promotion
aims to convey main principles of radiology and image
interpretation, provide positive attitude towards radi-
ology and introduce advanced tools. Postgraduate pro-
motion entails a roadshow regarding radiology training,
“open house” activities of each institute, radiology out-
reach meetings/programmes, team building activities in
radiology and establishing connection and collaboration
between all related radiological societies. Finally, A.
Churojana explained the importance of public promo-
tion in Thailand. Public promotion is done through a
specialised website aimed at undergraduates that pro-
motes radiology and related fields, explains treatment of
diseases and fosters interest in new technologies and
tools. A. Churojana concluded that an important part of
public promotion is inviting medical students and young
radiologists to be part of public promotion teams as well
as organising Corporate Social Responsibility (CSR)
events.

The situation in China
Z. Y. Jin, on behalf of the Chinese Society of Radiology
(CSR), spoke about the situation in China. China cur-
rently has around 16,000 radiologists, 30% of which are
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young radiologists. Z. Y. Jin stressed the importance of
understanding the character of the young generation for
developing a correct approach. Younger generation is
independent, creative, self-confident and energetic. Ac-
cordingly, the approach must be flexible and must not
involve over-management of the younger generation. Z.
Y. Jin pointed out that it is important to create an envir-
onment with best modalities, best technologies and best
mentors for the young generation and to develop perso-
nalised pathways in order to find the right person for
the right position. In that sense the CSR provides a lot
of opportunities for younger people including standard-
isation of the fundamental training programmes and di-
verse training programmes/chances from the academic
societies and institutions.

The situation in Korea and Japan
W. Lee presented on behalf of the Korean Society of
Radiology (KSR). The action plan of the KSR for en-
gaging the younger generation includes a membership
committee, webpage with a member lounge, as well as a
specific Korean Congress of Radiology (KCR) event. The
webpage provides younger generation with the oppor-
tunity to anonymously upload any comment or question
that is replied by a KSR officer. Two keywords of the
KSR strategy aimed at the younger generation are com-
munication and share of information. A vital aspect of
communication is the opportunity to discuss any topic
or idea and make inquiries via the website. W. Lee
explained that this in turn allows the KSR to identify
problems by collecting and categorising data and provide
improved service to the young generation based on the
collected data. When it comes to the share of informa-
tion, the KSR makes sure to collect basic member infor-
mation, develop databases or distribution charts and
help the young generation find the information easily.
Finally, it is important to engage young generation even
more in events such as the KCR. During the KCR, the
KSR provides a young radiologists lounge, organises
photo contests and movie clips/user-created content
(UCC) contests where participants capture the moments
of the KCR and have a chance to win awards and prizes.
Y. Imai, on behalf of the Japan Radiological Society

(JRS), talked about the situation in Japan. Y. Imai ini-
tially presented the strategies for research work pointing
out that the JRS offers several awards to young re-
searches, including academic awards, JRS related awards
as well JRS related research grants. The Japan Radio-
logical Society also focuses on strategies for medical
training abroad fostering exchange programmes such as
the Japanese-German Radiological Affiliation and the
French Society of Radiology – Japan Radiological Society
(SFR-JRS) Fellowship Program Exchange. Furthermore,
Y. Imai explained that the most expected development

happening in the next generation would be the applica-
tion of A.I. to radiology with multiple effects. Y. Imai,
however, pointed out that recently there has been a false
rumour that radiology specialists are one of the jobs to
be replaced by the A.I. Consequently, the number of
young people who aspire to become radiology specialists
is decreasing and there is a fear that people in general
will pay less attention to the radiologists’ job. That is
why it is of paramount importance to have open lectures
and events in order to spread the idea of the importance
of the radiologists’ job that includes not only diagnosing
the disease, but also selecting an appropriate treatment
for each patient. The A.I. is a useful tool for radiologist
but ultimately only a radiologist can check whether the
A.I. made an error. Accordingly, the JSR is preparing a
special corner for the public, including children, at the
General Assembly of the Japanese Association of Med-
ical Sciences (JAMS) in order to demonstrate the most
recent advancements in radiology.

The situation in the Asia-Oceania region
D. Varma, on behalf of the Asian Oceanian Society of
Radiology (AOSR), presented some background infor-
mation on the AOSR. As the AOSR assembles different
national societies it cannot deal with individual country-
specific issues only. That is why the AOSR established
the Asian Oceanian School of Radiology (AOSOR). The
three major projects of the AOSOR include the AOSOR
Conjoint Session, the AOSOR Youth Club and inter-
national visiting professors. D. Varma put special em-
phasis on the AOSOR Youth Club as an important
initiative to engage the young generation. The AOSOR
Youth Club was established in 2015 with the main aims
of providing intensive basic leadership skills, fostering
engagement of future AOSR leaders, strengthening
inter-society relationship and establishing AOSOR-YC
alumni. The Youth Club organises 3-day leadership
training courses for around 15 trainees from member so-
cieties with tutors sponsored by AOSOR and the host
society. D. Varma concluded that this approach provides
a different solution for engaging the young generation
and will hopefully result in a network of young radiolo-
gist who have attended the Youth Club. The 2019
AOSOR Youth Club is taking place October 16-19 in
Nagoya, Japan.

The situation in Australia and New Zealand
L. Lawler presented on behalf of the Royal Australian
and New Zealand College of Radiologists (RANZCR).
A large part of the RANZCR responsibilities is to set the
curriculum and administer training programmes for ad-
mission into radiology professions, accreditation for
overseas-trained specialists, and a continuing professional
development programme for the members. Speaking about
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the numbers, L. Lawler pointed out that the RANZCR cur-
rently has a 1:4 ratio between students and practicing radi-
ologists. Apart from the training programme itself, the
RANZCR connects with trainees at every level through
elected representative trainee committees as well as by hav-
ing trainee representative on the Council and most
decision-making committees. A Trainee Learning Day for
clinical radiology and radiation oncology forms part of the
College’s Annual Scientific Meeting (ASM). The Day’s
program is determined by the Trainee Committees and
usually includes teaching sessions, trainee scientific presen-
tations, a discussion forum and dedicated topical sessions.
An important element is the RANZCR Branch of Origin,
established to support the training research requirements
of Clinical Radiology. Participating Branches hold an an-
nual trainee presentation evening with the most outstand-
ing presentation from each Branch being presented at the
College’s ASM in the ‘Branch of Origin’ session. The win-
ner is announced at the Gala Dinner. Finally, L. Lawler
pointed out that a big focus of the College staff is to main-
tain a social media presence as well.

The situation in Europe
C. Catalano presented on behalf of the European So-
ciety of Radiology (ESR). The main objectives of the
ESR are to engage medical students early and
throughout their medical school curricula as well as
to emphasise the intellectual, imaging and procedural
components of radiology. The ESR has produced the
undergraduate curriculum, that is being updated every
year, and has defined several aspects that need to be
considered regarding the needs of the undergraduates.
C. Catalano pointed out that the ESR pays a lot of at-
tention to teachers, stressing the importance of pro-
viding adequate teaching materials. It was further
stated that the AI is an enormous resource for radi-
ology, but that it is also important to introduce the
need for patient-centred radiology with A.I.’s active
and increasing role in precision medicine. Over the
last 16 years, the ESR has invited more than 8,000
young residents in radiology and radiographers in
training to the European Congress of Radiology and
continued developing its flagship youth project. Suc-
cessful applicants for the Invest in the Youth
programme were offered free registration for ECR and
an accommodation voucher. C. Catalano mentioned
other important ESR initiatives including “Coffee and
talk” sessions dedicated to residents and trainees, as
well as “Present my thesis in 3 minutes” aimed at fur-
ther engaging young people who visit the conference.
C. Catalano concluded that a bright future for radi-
ology can only be ensured by recruiting those individ-
uals that have the greatest likelihood of achieving job
satisfaction in radiology.

Position of the International Society of Radiology (ISR)
L. Donoso, on behalf of the International Society
of Radiology (ISR), presented the ISR findings re-
garding undergraduate radiology teaching from the
student’s perspective. Radiology teaching should be
represented in all pre-clinical and clinical under-
graduate years. Medical students rate interactive
case-based teaching sessions as very effective and
there is a call for reliable, up-to-date open access
electronic resources for medical students. L. Donoso
also pointed out the importance of the “radiologist’s
image”. Radiologists are no longer relegated to the
back room where they interpret studies in a vacuum.
Frequently clinician colleagues come to the reading
room for radiologist’s opinions, and residents are an
integral part of that process. Residents are often on
the front lines, rendering opinions and discussing
with clinicians how to manage particular patients. L.
Donoso explained that the cross-generational team-
work in radiology can be easily fostered by involving
millennials on tumour boards and in multidisciplin-
ary conferences, especially those that emphasise the
importance of imaging and image-guided procedures
as part of the patient’s clinical care. When thinking
about radiologists’ collective reputation patients’
opinion, referring physicians’ opinion and the opin-
ion of the hospital need to be considered. L. Donoso
further explained the need for the activities of the
ISR stating that radiology needs a unified voice in
dealing with global issues affecting radiology and the
patients served. The World Health Organisation
(WHO) and the International Atomic Energy Agency
(IAEA) exert tremendous influence through regional
and international initiatives on the appropriate use
of medical radiation to improve population health.
The ISR, in turn, serves as a primary advisor to the
WHO and the IAEA in dealing with global issues af-
fecting radiology. The main goals of the ISR are to
promote global radiological quality and safety and
bring high quality radiological education to under-
served areas, acting as a convener and facilitator of
content rather than the creator. Finally, L. Donoso
mentioned specialised ISR programmes, Global Out-
reach: Education for Radiology (GOED) and Global
Outreach Radiology (GORAD), that aggregate and
disseminate high quality educational material from
major journals and organisations to resource chal-
lenged areas.

Conclusion
The current young generation is different than any gen-
eration that preceded them. Accordingly, the societies
need to adapt their approach and adopt new strategies
tailored specifically for the new generation in order to

European Society of Radiology (ESR) Insights into Imaging            (2020) 11:7 Page 7 of 9



engage young doctors into radiology and ensure an in-
crease in their membership base.
The societies understand that, in order to achieve

these goals, it is important to first fully comprehend the
character of the younger generation. In that sense, the
CIR and the SMRI emphasise the importance of properly
defining the millennials while the RSNA has developed a
variety of tools aimed at understanding what young
people want and need and what their expectations are.
In Thailand, the societies developed unique approaches
towards undergraduates and postgraduates, as it is im-
portant to understand the different needs these two
groups might have. China is striving to create the best
possible environment for the young generation and to
develop personalised pathways to find a best possible
match between an open position and an individual.
The ISR points out that, in order to engage the youn-

ger generation, it is also important to adapt the current
image of a radiologist, and, in a similar vein, Colombia is
focusing on mental barriers the radiologists themselves
might have and is looking for ways of overcoming them.
A very important tool for understanding the younger

generation as well as adapting the current image of the
radiologist is the use of technology and social media and
many societies are increasingly involving their current
and future members in this way. The ACR has devel-
oped an internal networking platform called Engage. In
Korea, the KSR is carefully listening to the needs
expressed by the young radiologists and is using data
analysis to develop the best approach based on the
expressed needs. For Japan, understanding the technol-
ogy and the A.I. is crucial for the engagement of the
younger generation. The A.I. must be seen as an oppor-
tunity for radiology rather than a threat and public pro-
motion is very important in that regard.
Delegating responsibilities and motivating residents

are important aspects of strategies implemented by
many societies. The CAR has accordingly implemented a
strategy targeted specifically at residents and the RSNA
gives special attention to early-career practitioners.
Perhaps the most important tool for further engaging

the young generation is the use of innovative teaching
solutions and increased participation in clubs, activities
and other youth-oriented programmes. The IRIA has de-
veloped a specialised youth-oriented program (YUWA)
working exclusively on the welfare of postgraduate resi-
dents and young radiologists. As it is important to en-
gage younger generation in the actives early on, the
AOSR is maintaining different clubs such as the AOSOR
Youth Club, while the RANZCR has trainee representa-
tives on the Council and most decision-making commit-
tees and organises events on topics decided by the
trainees themselves. The FMRI is actively involving stu-
dents in the learning process by including radiology in

the University programmes and offering students with
the best results the opportunity to become instructors
after successfully finishing a course, thus giving the stu-
dents an active role in the teaching-learning process.
The SPR also uses innovative teaching solutions as well
as increased participations in clubs and activities. Egypt
is developing strategies to tackle concrete issues and cre-
ate an approach that will benefit young generations in
the entire country, while the CBR offers mobile learning
initiatives and other educational activities. In Europe,
the ESR is further developing its flagship youth project
and has, over the last 16 years, invited more than 8,000
young residents in radiology and radiographers in train-
ing to participate in the European Congress of Radiology
and its various events. The ESR has produced the under-
graduate curriculum and is paying attention to the edu-
cation of teachers as well.
Finally, many societies stress the importance of train-

ings abroad and appropriate fellowship programmes. In
that sense, Saudi Arabia is placing great emphasis on fel-
lowship trainings, especially those abroad, and the RSSA
is playing an active role in education of younger gener-
ation of radiologists while the JRS is fostering exchange
programmes such as the Japanese-German Radiological
Affiliation and the French Society of Radiology – Japan
Radiological Society (SFR-JRS) Fellowship Program
Exchange.
Radiology is changing; in parallel to these changes a

new approach towards the younger generation needs to
be adopted. The technology plays a key role in this
process and will serve as a bridge between already estab-
lished and future radiologists, thus ensuring a bright fu-
ture for radiology as a whole.
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Abstract 

The ESR International Forum at the ECR 2020 discussed the current situation, activities and measures undertaken by 
radiologists around the world in their fight against the global COVID-19 pandemic. The participating societies were 
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Main messages

• It is important to understand the main characteristics 
of the novel COVID-19 virus and radiologists play a 
crucial role in that regard.

• Radiological societies around the world are creating 
guidelines and recommendations based on the latest 
findings by radiologists fighting on the front line.

• Ensuring the safety and well-being of the patients as 
well as the entire medical staff when dealing with the 
virus is of paramount importance.

• Even though the current global focus of radiology is 
on COVID-19, other radiological examinations must 
not be ignored.

• Despite the restrictions imposed by countries in 
order to fight the virus, the radiological societies, 
now more than ever, need to work together and com-
mit to sharing knowledge and experience.

Introduction
The ESR International Forum was established by the with 
the aim of discussing pivotal themes in the field of radi-
ology with international societies from outside Europe. 
The ESR International Forum is held every year at the 
European Congress of Radiology (ECR) and participa-
tion is by invitation only. Due to the unprecedent situ-
ation caused by the global pandemic of COVID-19, the 
ECR 2020 was held as a virtual congress and the partici-
pants of the ESR International Forum submitted written 
reports describing the steps and measures radiologists in 
their countries are undertraining in the fight against the 
global pandemic.

Previous topics discussed in the ESR International 
Forum include the relation between radiology and 
nuclear medicine, the position of ultrasound in radiology, 
the relation of general radiology and subspecialty radiol-
ogy, the implementation of clinical decision support and 
imaging referral guidelines in the clinical routine, the 
position of interventional radiology within radiology, 
value-based radiology, and the strategies to engage the 
younger generation.
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The following societies were invited to deliver a presen-
tation and to present the point of view of their respective 
country or region: The American College of Radiology 
(ACR), the Asian Oceanian Society of Radiology (AOSR), 
the Brazilian College of Radiology (CBR), the Canadian 
Association of Radiologists (CAR), the Chinese Soci-
ety of Radiology (CSR), the Colombian Association of 
Radiology (ACR), the Egyptian Society of Radiology 
and Nuclear Medicine (ESRNM), the Indian Radiologi-
cal and Imaging Association (IRIA), the Inter-American 
College of Radiology (CIR), the International Society of 
Radiology (ISR), the Japan Radiological Society (JRS), the 
Korean Society of Radiology (KSR), the Mexican Fed-
eration of Radiology and Imaging (FMRI), the Mexican 
Society of Radiology and Imaging (SMRI), the Peruvian 
Society of Radiology (SOCPR), the Radiological Society 
of the Emirates (RSE), the Radiological Society of North 
America (RSNA), the Radiological Society of Thailand 
(RST), the Royal Australian and New Zealand College of 
Radiologists (RANZCR), the Royal College of Radiolo-
gists of Thailand (RCRT), and the Radiological and Diag-
nostic Imaging Society of Sao Paulo (SPR). The European 
Society of Radiology (ESR) presented the situation in 
Europe.

The situation in North America
M. Barry submitted the report on behalf of the Cana-
dian Association of Radiologists (CAR). Pointing out 
the radiologists’ role in the diagnosis and assessment 
of COVID-19, but also in the resumption of radiology 
clinical services in a pandemic environment, M. Barry 
emphasized the close collaboration between the Cana-
dian Association of Radiologist and its members and 
national organizations which resulted in the publishing 
of several guidelines and recommendation on the man-
agement of the COVID-19 and the resumption of radiol-
ogy services. Additionally, many of CAR members have 
already published research articles and the CAR is receiv-
ing regular updates on the status of COVID-19 across the 
country, which should help increase the overall knowl-
edge when dealing with this novel threat. The CAR also 
created a Task Force on the Resumption of Radiology 
Clinical Services and a report [1] with recommendations 
for safety protocols was published in May 2020 and has 
been enthusiastically received by the radiology commu-
nity. A dedicated and daily updated COVID-19 resource 
page was created on the CAR website serving as a valu-
able reference for not only radiologists but for all Cana-
dians regarding the impact of medical imaging in the 
management of COVID-19. Finally, M. Barry outlined 
the importance of advocacy and communication with 
the government, explaining that the CAR is in constant 
correspondence with relevant bodies and was invited to 

appear before the House of Commons Standing Commit-
tee on Health in June 2020, to stress the urgent need for 
medical image equipment, health human resources, as 
well as infrastructure support to help an already overbur-
dened health system. In conclusion, M. Barry stated that 
the CAR is working with the government, industry, and 
stakeholders to provide information and advice which 
will minimize the spread of COVID-19 while safely mov-
ing forward with radiology clinical services.

J. P. Borgstede, reporting on behalf of the Radiological 
Society of North America (RSNA), explained that, with 
a global membership, the RSNA is in a unique position 
to address global impact of COVID-19 and support radi-
ologists at all stages of managing the pandemic. In that 
sense, the RSNA established two volunteer task forces to 
provide resources for the RSNA members during the out-
break. The RSNA COVID-19 Task Force has developed 
4 recommendation documents, organized 6 free webi-
nars and several videos to date and is planning sessions 
of COVID-19-related content for RSNA 2020. The RSNA 
AI COVID-19 Task Force has launched an initiative to 
create a global open data repository to support research 
on the use of medical imaging to help address the crisis. 
According to J. P. Borgstede, the RSNA has, to date, seen 
interest from over 200 institutions across 6 continents 
and a proposal was submitted to the National Cancer 
Institute to publish data acquired by this Task Force as a 
data collection on The Cancer Imaging Archive. A joint 
RSNA, AAPM (the American Association of Physicists in 
Medicine), and ACR whitepaper will be submitted to the 
National Institute of Health (NIH) and the National Insti-
tute of Biomedical Imaging and Bioengineering (NIBIB) 
with funding to support the repository initiative. Further-
more, an RSNA COVID-19 Community was established 
to help facilitate member discussion and peer-to-peer 
support around COVID-19-related topics and has, since 
its creation in April, grown to over 2,500 members. J. 
P. Borgstede also pointed out that the RSNA journals 
responded rapidly to the pandemic, soliciting guid-
ance statements and establishing expedited peer review 
and publication processes. Since the first publication of 
images of the novel coronavirus in January, all five RSNA 
journals have published COVID-related content, with 
93 articles in total. Finally, it was mentioned that these 
RSNA activities were covered by many major media 
outlets and that the RSNA received more than 4 mil-
lion impressions from COVID-related stories on social 
media. In order to continue developing further steps, a 
survey was sent to RSNA members to assess what RSNA 
can do to help its members during the pandemic.

G. McGinty, on behalf of the American College of 
Radiology (ACR), pointed out that, as the “Voice of 
Radiology” with payers and policy makers, the American 
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College of Radiology has issued guidance about the role 
of imaging and the need to prioritize safety by suspend-
ing non-urgent imaging. Given the initial shortages of 
Protective Personal Equipment (PPE), the ACR has also 
advocated for a safe working environment for the imag-
ing community especially for technologists and train-
ees, many of whom were redeployed to “front line” care 
settings. A wholesale shift to remote working for many 
radiologists was supported by guidance from the ACR 
to inform safe and secure interpretations from home. 
Looking at the future consequences of the pandemic, 
G. McGinty explained that social distancing and clean-
ing requirements will make a return to prior volumes 
impractical for many and the financial future for some 
practices is uncertain. This will in turn have a knock-on 
effect on the job market for graduating trainees com-
pounded by an anticipated recession and stock market 
volatility that will cause some senior radiologists to defer 
retirement. That is why the US Congress has authorized 
trillions of dollars in relief packages and, given that many 
radiologists in the US are independent practice owners, 
the ACR has provided invaluable guidance to members 
to help them navigate the complexities of qualifying for 
these programs. The ACR is also working actively with 
Congress to mitigate the impact of planned reimburse-
ment cuts to radiology scheduled for 2021 with an aver-
age expected decrease in payment for imaging services 
of 10%. Commenting on the measures introduced by the 
Federal Government and many States, G. McGinty stated 
that the State of Emergency permitted relaxation of many 
regulations some of which are welcome and the ACR will 
lobby for their retention, while others, such as the expan-
sion of scope of unsupervised practice of what are known 
as Advanced Practice Providers (APPs), will be threaten-
ing to radiologists in the longer term and the ACR will 
oppose their continuation. Commenting on the ACR 
Annual Meeting, it was stated that while the Meeting was 
converted to a virtual format it nevertheless succeeded 
in recreating the open debate and representative govern-
ance with even greater attendance participation at some 
sessions than normal. The ACR’s educational offerings, 
such as the American Institute of Radiologic Pathology, 
have also been converted to a virtual format with active 
work to ensure the use of appropriate tools and delivery 
to ensure a meaningful remote experience. The ACR’s 
Wellness initiative is actively working to support radiolo-
gists who may be working from home as well as juggling 
home schooling as well as dealing with existing burn out. 
Finally, G. McGinty explained that the ACR’s Center for 
Research and Innovation and its Data Science Institute 
are collaborating with other radiology and medical spe-
cialty societies to learn from the pandemic by establish-
ing a registry of imaging and clinical data.

The situation in Latin America
M. Hernandez Cruz, on behalf of the Mexican Federa-
tion of Radiology and Imaging (FMRI), reported on the 
current situation in Mexico. He pointed out that, as was 
the case in many other countries, Mexico’s health sys-
tem was not prepared to face a contingency of such an 
unprecedented magnitude. Explaining that some guide-
lines were established and disseminated to the popula-
tion to reduce infections, M. Hernandez Cruz pointed 
out that even with these measures, Mexico is experi-
encing high death tolls showing that the implemented 
strategies have not been entirely successful. He further 
explained that the Mexican government undertook a suc-
cessful restructuring of the hospital system in which hun-
dreds of public and private hospitals were modified and 
adapted to attend patients with COVID-19, thus success-
fully avoiding hospital saturation. However, as a result 
of insufficient protection materials, health personnel 
became infected, which in turn exacerbated the problem 
of the lack of medical staff and poor patient care. Health 
personnel, and in particular nurses and doctors, includ-
ing radiologists, account for 20% of the total reported 
infected patients in Mexico. Because of this, radiology 
personnel have had to adapt to new conditions, especially 
methods of protection, such as the use of special clothing 
and masks. However, these actions are not always car-
ried out due to the lack of protection supplies. Rotating 
medical and paramedical personnel, allowing less expo-
sure to the virus, was another strategy taken to protect 
the staff. In order to keep radiologist updated, the Min-
istry of Health, Medical Societies, the private sector, and 
companies organized multiple online events for Mexican 
radiologists. Additionally, multiple international events 
from different radiological organizations, such as the 
European Society of Radiology, French Society of Radi-
ology, Spanish Society of Radiology, Radiological Society 
of North America, and the Radiological Societies from 
several countries of Latin America were broadcasted and 
thus lead to expanding the knowledge and experience 
of Mexican radiologists. Besides this, teleradiology, the 
use of automated diagnostic systems, and the growth of 
artificial intelligence proved to be important tools sup-
porting the role of diagnostic imaging. In conclusion, 
M. Hernandez Cruz stated that despite these significant 
advances in medical and technological knowledge, it can-
not be denied that Mexico is a developing country and 
that its economic, technical, cultural, and governmental 
problems have contributed to this pandemic having even 
more significant consequences in Mexico than those 
observed in other countries around the world.

M. Palacios Montesinos on behalf of the Mexican Soci-
ety of Radiology and Imaging (SMRI), reported on the 
importance of continued medical education, explaining 
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that the SMRI has conducted webinars on COVID-19 
and has continued planning of the Annual Ultrasound 
Congress. However, at the same time, he emphasized the 
importance of resuming daily practices in the imaging 
area and establishing a series of rules and protocols that 
will allow safe procedures for both the radiologists and 
the technicians. To that end, various patient management 
protocols and the use of personal protective equipment, 
as well as deep cleaning of the rooms and medical equip-
ment, were implemented. The use of personal protective 
equipment (PPE), including face masks, gowns, coveralls, 
gloves, goggles, and face shields remain essential. To fur-
ther limit the risk of contagion, handwashing and the use 
of hand sanitizer in all service areas, as well as measur-
ing the temperature of patients and personnel at the time 
of their arrival and departure from hospitals and radiol-
ogy establishments, are considered mandatory. M. Pala-
cios Montesinos further explained that working hours in 
many places were modified and “home office (teleradiol-
ogy)” was implemented, reducing the risk, the number 
of working hours and coexistence in small spaces, thus 
isolating doctors, especially those over 60  years of age 
and those with comorbidities such as obesity, diabetes, 
hypertension and lung disease. Specific care hours were 
generated for patients with suspected COVID-19 and in 
hospitals with more than one CT scanner, one was des-
ignated for their diagnosis. Specialized isolation areas 
were designated in each hospital for COVID-19 positive 
patients. M. Palacios Montesinos concluded that health 
care system in Mexico is insufficiently equipped to pro-
vide the level of medical care that would guarantee the 
minimum necessary care for these patients and even less 
so in severe cases and that, as a result, the infections and 
death figures reported by the government do not come 
close to reality for a country with approximately 120 mil-
lion inhabitants.

M. Arrieta, reporting on behalf of the Colombian 
Association of Radiology (ACR), stated that the ACR 
designed and developed different education and support 
strategies for radiologists and the medical community in 
the scientific and trade field. To this end, in March, groups 
of experts were formed to prepare guidelines and recom-
mendations addressed to diagnostic imaging services, 
radiologists, radiographers, and care and administra-
tive personnel. Similarly, the ACR Scientific Committee 
organized virtual education activities to inform and train 
the country’s radiologists about the new virus. Further-
more, between March and June the ACR published 10 
different guidelines and participated in the development 
of a “Colombian Consensus on Care, Diagnosis and 
Management of SARS-CoV-2/COVID-19 Infection in 
Health Care Facilities” [2], a document that has been the 
basis of government policies for the management of the 

pandemic. A special section on COVID-19 on the ACR 
website allows consulting and downloading these and 
other documents of interest. The ACR has also actively 
participated in various meetings convened by Colombian 
medical organizations to analyze the situation gener-
ated by the pandemic and define official positions of the 
union. Thanks to the ACR’s efforts with the Ministry of 
Health and the National Institute of Health, it was pos-
sible to include diagnostic imaging (chest studies) in the 
COVID-19 national care guide. Reporting on the chal-
lenges facing Colombian radiologist, M. Arrieta pointed 
out that many health professionals on the front line of 
care do not have adequate personal protection equip-
ment and others, working in outpatient centers, have 
been fired from their jobs. For this reason, the ACR has 
implemented an exclusive service for their members, 
offering them information and legal advice pertaining to 
labour guarantee demands towards their employers and 
insurance companies. Finally, M. Arrieta stated that, like 
many other scientific societies in the world, the ACR was 
forced to cancel or postpone all of its academic activi-
ties scheduled for 2020, including the Colombian Con-
gress of Radiology. In response to this situation, in 2020 
the ACR has expanded their virtual education program, 
with monthly virtual courses, weekly webinars and online 
academic sessions on different areas of the specialty. In 
April, the ACR carried out live broadcast of 2 cycles of 
virtual academic sessions on COVID-19 (12 lectures in 
total), with the participation of specialists from different 
medical disciplines and a special emphasis on diagnostic 
imaging. Each of these sessions registered an attendance 
of over 700 participants from 25 countries.

H. Díaz Lazo provided a report on behalf of the Peru-
vian Society of Radiology (SOCPR). Reporting on the 
effect the virus has had on the entire country and the 
capital Lima, H. Díaz Lazo explained that in order to 
prevent the spread of COVID-19, the Government has 
decreed that the population must remain in home isola-
tion. This measure, however, proved not to be particu-
larly effective. As a result, the Peruvian health system 
is on the verge of collapse, with hospitals being over-
saturated and in some centers the lack of equipment 
and protective materials is leading to a daily increase in 
the number of positive cases. Given this situation, the 
SOCPR has found it necessary to emphasize the various 
recommendations in order to strengthen the health sys-
tem in response to COVID-19. To that end, reaffirming 
several recommendations given by The World Health, the 
SOCPR has provided protective equipment and helmets 
with fascial protection to all associated radiologists and 
physician residents throughout the country. Addition-
ally, to optimize social protection and frontline work-
ers’ health, the SOCPR has encourage health training 
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related to radiology. H. Díaz Lazo explained that in the 
last weeks the SOCPR has organized five webinars, with 
the participation of national and international experts. 
Finally, the SOCPR has published a special edition of the 
Peruvian Radiology Magazine “Radiología del COVID-
19” with various highly search topics that are also of pub-
lic interest.

A. Sarmet Santos, on behalf of the Brazilian College 
of Radiology (CBR), reported on the situation in Bra-
zil. He explained that the CBR, through its Executive 
Board, its Scientific Departments, and its Commissions, 
has been constantly active and participated in numerous 
meetings with other Brazilian and international institu-
tions, pointing out CBR’s participation in the “Covid-19 
Collaborative Force—Brazil”, a group that provide advice 
to the National Health Surveillance Agency (Anvisa), for 
the preparation of Technical Notes referring to COVID-
19, which have the force of law in Brazil and must be 
followed by all Health Institutions, public and private. 
A. Sarmet Santos further mentioned that the first “CBR 
Studio” of 2020 was held in February as a live webinar, 
with the focus on COVID-19 and that in March, hun-
dreds of radiologists attended a lecture by Prof. Dr. Dante 
Escuissato on “Viral Pneumonias: Radiology-Pathology 
and Coronavirus / COVID-19 Correlation”, through the 
CBR virtual platform. In April, the CBR launched the 
Virtual Learning Environment, a new learning space for 
the Brazilian radiologists where they can receive con-
stant updates. The classes and lectures of the Brazilian 
Congresses of 2018 and 2019 were also made available 
on the platform. Due to the social isolation measures 
imposed by the Brazilian authorities, CBR provided full 
and free access to the content available on the Platform, 
initially for a period of 30 days and later extended until 
July 31, 2020, in order to ensure updating and recycling 
of knowledge among Brazilian radiologists. Additionally, 
A. Sarmet Santos pointed out that, already in April, the 
CBR mobilized suppliers in the business segment, aim-
ing to renegotiate contracts or make debts and payments 
for inputs flexible, and ensure maintenance contracts and 
purchases of new equipment for Image Diagnosis clinics. 
The CBR’s goal in this regard was to economically protect 
the sector that was already suffering from the impact and 
losses in the face of the COVID-19 crisis. In addition, in 
order to gather communications, recommendations, and 
alerts, CBR developed a dedicated space for content and 
publications related to COVID-19 on the CBR website. 
The main purpose of this virtual space is that radiologists 
and diagnostic imaging professionals, medical colleagues 
from other specialties, professionals from different areas 
of healthcare in general, journalists and opinion makers, 
and, mainly, the population, have continuous and free 

access to relevant information. In addition to the CBR 
recommendations, the CBR uses this space to gather 
guidelines from other medical societies as well. Finally, A. 
Sarmet Santos According explained that, similar to other 
medical societies, the Brazilian Congress of Radiology 
2020, which would be held in the city of Rio de Janeiro in 
October 2020, will be 100% virtual.

M. Brandão da Costa, reporting on behalf of the Radi-
ological and Diagnostic Imaging Society of Sao Paulo 
(SPR) pointed out the social and economic inequalities 
that are present in Brazil and that have contributed to 
challenges experienced in the fight against COVID-19. 
When reporting on the effects of the pandemic on radi-
ologists in Sao Paulo, M. Brandão da Costa explained 
that the number of routine examinations dropped down 
considerably and that only emergency or seriously ill 
patients were examined. From March to June, most radi-
ologists worked from home, in reduced time. The resi-
dency programmes were also heavily affected as teaching 
depends on the variety of conducted examinations (CT, 
MRI, US) and areas (Neuro, Abdominal, Breast, Chest), 
but most centers were focused exclusively on COVID-19 
diagnosis. Realizing the importance of new information 
when fighting COVID-19 and taking into account the 
numerous social and economic difficulties Brazil is expe-
riencing, the SPR took action and supported radiologists 
fighting COVID-19 through several projects. Jornada 
Paulista de Radiologia (JPR), which is considered the 
largest Diagnostic Imaging meeting in Latin America and 
the fourth largest in the world, was organized as a virtual 
meeting with 23 Live Sessions, 6 Plenary Sessions, and 
more than 170 recordings that are going to be available to 
SPR members for free. In order to increase the access to 
the materials shared at the JPR 2020, the SPR has offered 
free membership to everyone who is an active member 
of any of the SPR partner radiological societies in Latin 
America. The SPR also created a dedicated online area 
that offers reliable information on COVID-19, such as 
articles, guidelines, recommendations, and webinars. M. 
Brandão da Costa particularly emphasized that for the 
JPR Lives and Study Groups Meetings, the SPR chose 
topics related to COVID-19 that can thus be made freely 
available in this dedicated online area. Elsevier offered 
800 STATdx® free licenses to SPR, that are to be distrib-
uted among SPR members and Radiology Departments 
and Clinics all over Brazil, which had subscribed for the 
SPR Online Radiology Course for Residences before. 
Finally, M. Brandão da Costa stated that in April and 
May, when many residents and radiologists were working 
exclusively from home due to social distancing policies, 
SPR offered free credits for the SPR Video Library to SPR 
active Members and access to the SPR Video Library dur-
ing this period was greatly increased.
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H. Carrete Junior, representing the Interamerican 
College of Radiology (CIR), explained that from the 
onset of the global pandemic the CIR worked on the 
organization and distribution of statements and guid-
ance materials created by different national radiological 
societies. Additionally, several national societies used the 
resources of CIR to promote different webinars focused 
on the COVID-19 pandemic, which were thus widely 
promoted among Latin American radiologists leading 
to hundreds of members participating in these events. 
In recent months, discussion forums and several online 
lectures focusing on the COVID-19 pandemic have been 
organized and widely disseminated through CIR chan-
nels. Some previously scheduled scientific events had 
to be reorganized as virtual events exclusively, and such 
events were offered online to a larger community in Latin 
America, in addition to pandemic-related topics being 
included in the scientific program. H. Carrete Junior 
concluded that through its work the CIR has created a 
huge network of collaboration, and radiology once again 
showed its well-structured organization, having recog-
nized since the beginning of the pandemic its important 
role in facing this outbreak.

The situation in Egypt
T. El-Diasty, on behalf of the Egyptian Society of Radi-
ology and Nuclear Medicine (ESRNM), submitted a 
report on the current situation in Egypt. He stated that 
in resource-constrained environments, as is the situa-
tion in many governorates in Egypt, the decision to image 
patients who are COVID-19 positive or suspected is 
based on how the imaging will impact patient care. Imag-
ing is indicated for patients with suspected COVID-19 
who present moderate to severe clinical features and a 
high pre-test probability of disease. However, the use of 
CT as a primary screening tool is discouraged, because 
these studies tend to suffer from selection bias. From 
its side, the ESRNM has highlighted the different guide-
lines, publications, and opinions about this issue with 
T. El-Diasty explaining that chest radiography (CXR) is 
the first-line imaging examination in patients suspected 
of having COVID-19 infection and CT being necessary 
whenever indicated. T. El-Diasty further explained that 
the real-time reverse transcriptase polymerase chain 
reaction (RT-PCR) test for COVID-19 is reported to have 
high specificity but sensitivity has been reported to be 
as low as 60%–70% and therefore, excluding a diagnosis 
of COVID-19 requires multiple negative tests, with kits 
being in short supply or unavailable in some regions of 
Egypt. In response to reports of lung abnormalities on 
CT predating conversion to positive RT-PCR, Egyptian 
authorities initially broadened the official definition of 
infection to include patients with typical findings at CT, 

even with a first negative RT-PCR result. This broader 
definition has resulted in a higher number of presump-
tive cases of COVID-19 and an increasing role for CT in 
diagnosis. However, the presence of mild or no CT find-
ings in many early cases of infection reflects the difficul-
ties of early detection.

The situation in the United Arab Emirates
Dr. AlBastaki, on behalf of the Radiology Society of the 
Emirates (RSE) explained that, due to the close contact 
with the countries that experienced the pandemic early, 
such as China and Iran, the United Arab Emirate man-
aged to prepare early for the pandemic. As such, the 
national guidelines were formed and were updated four 
times. Radiologists across the country have adopted dif-
ferent approaches when dealing with the disease. In this 
regard, Dr. AlBastaki stated that some radiologists pre-
ferred to follow early papers that have been published 
from China as well as a report from Italy indicating the 
necessity of performing CT in all COVID patients, while 
others have decided to follow the ACR and the RCR 
guidelines of performing CTs only when it is clinically 
indicated. A chest x-ray is being performed routinely for 
all patients, with portable x-ray labs being available in 
the hospitals, quarantine centers, and field hospitals. Dr. 
AlBastaki further reported that the safety of the radiol-
ogy staff was extremely important, particularly on the 
front line with radiographers performing mobile chest-x-
ray and radiologists doing intervention procedure. From 
its side, the RSE has organized two dedicated webinars 
in cooperation with Basildon University Hospital in the 
UK, to show the best international experiences in fac-
ing COVID-19. The webinars were available for radiolo-
gists and radiographers and were accredited by the royal 
college of radiologists in London. Finally, Dr. AlBastaki 
stated that staff clinics were organized where staff could 
express their concerns and throat swab tests are being 
performed if COVID-19 is suspected, with periodic 
screenings being performed as well.

The situation in India
D. Patkar, on behalf of the Indian Radiological and 
Imaging Association (IRIA), reported that, in order to 
facilitate smooth functioning of the radiology depart-
ments, they are implementing a strategic approached 
named “AMMO”: Analyse, Minimise, Mobilise, Organ-
ise. Explaining individuals points of the strategy, D. Pat-
kar reported that “Analysis” includes patient’s COVID-19 
status, including triage at multiple levels as well as the 
analysis of need for imaging, and stated that during the 
initial months of the pandemic non-emergency scans 
were being postponed, but that now routine imaging is 
resuming. D. Patkar further explained that one of the 
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main aims is to minimize exposure time, with SOPs 
being implemented, numbers optimized, department 
workflow restructured, portable imaging made avail-
able, and rotational shifts introduced. Reporting on the 
“Mobilise” aspect of the strategy, D. Patkar reported that 
portable radiography and ultrasound systems have been 
allotted for COVID-19 scans, provisions were made for 
radiologists to work from home and teleradiology ser-
vices and various AI based software are also being uti-
lized. Approximately 25% of the radiologists have been 
re-routed to COVID-19 services, as per the need of the 
institution. Finally, explaining the “Organise” aspect of 
the strategy, D. Patkar stated that dedicated COVID-19 
corridors are being created for mobilization of positive/
suspected patients within hospital premises, appoint-
ments are being scheduled with adequate time spac-
ing, and deep cleaning of equipment is done after every 
patient, with a down time of approximately 1 h.

The situation in Thailand
W. Tanomkiat, reporting on behalf of the Royal College 
of Radiologists of Thailand (RCRT) and the Radiologi-
cal Society of Thailand (RST), stated that disease con-
trol laws were passed during the early stage of spreading, 
by the government. These laws were strictly applied and 
observed and communities in each district were reduced 
to “Home” and “Hospital” with most community areas 
other than Home and Hospital being almost entirely 
closed. Furthermore, hospital areas were clearly divided 
into the front line and the clean zone and prevention of 
nosocomial infection to either in-patients or health care 
providers was regarded as crucial. As a result, nosoco-
mial infection occurred only in 2 out of more than 1,300 
hospitals. Mobile network was well developed, covering 
all parts of the country and the high adoption of Inter-
net allowed e-commerce, e-learning, e-meeting, e-enter-
tainment, telemedicine, and telepharmacy to substitute 
these activities which were limited in the physical world. 
W. Tanomkiat also explained that public education on 
the COVID-19, its nature and route of spreading was 
thoroughly disseminated through various media includ-
ing television, radio, and electronic media by the govern-
ment authorities. From its side, the RCRT recommended 
that radiologic images should not be used in detection 
or confirmation of the COVID-19 pneumonia because 
of certain false positive and negative rates. Images were 
requested by the official caring physician team of the 
hospital and performed under recommended protocols. 
Transferring patients to the isolated radiologic depart-
ment was operated by a central team. Types of appropri-
ate protective equipment and standard of operation for 
each study were clearly provided. Finally, W. Tanomkiat 

concluded that there are no radiologists or radiological 
technologists infected with COVID-19 in Thailand.

The situation in China
Z. Y. Jin, on behalf of the Chinese Society of Radiology 
(CSR), reported on the situation in China. He stated that 
China has taken multiple measures to combat COVID-19, 
benefitting from the valuable experience during the Man-
churian plague from the previous century. Based on that 
experience the Chinese government and public health 
department promptly established an emergency response 
scheme in the very early stage of COVID-19, emphasiz-
ing early detection, early reporting, early isolation, and 
early treatment. A unified and effective commanding sys-
tem, a series of law-based and science-driven strategies, 
the ‘4-Early’ measure, the coordinated deployment of 
resources, the rapid improvement in treatment capacity, 
the application of high-tech measures, and international 
exchange and cooperation substantially mitigated the 
spread of COVID-19 in China. Reporting on the activities 
of the CSR, Z. Y. Jin explained that in February 2020, the 
Chinese Society of Radiology organized members from 
different parts of China to help improve medical quality 
and security when diagnosing COVID-19. Experts in car-
diothoracic branch published an expert recommendation 
in the Chinese Journal of Radiology entitled “The radio-
logical diagnosis of novel coronavirus pneumonia: expert 
recommendation from the Chinese Society of Radiology 
(First edition)” [3]. Another message that the CSR sent 
is that chest CT findings can be not parallel to nucleic 
acid detection. The Chinese Society of Radiology strongly 
recommend that the physicians and radiologists should 
carefully consider the negative result from chest CT and 
nucleic acid test during the clinical procedure. Reporting 
on the Chinese experience in hospital environment pre-
paredness for COVID-19, Z. Y. Jin stated that hospitals 
in China including Peking Union Medical College Hospi-
tal (PUMCH) have heightened the security on the whole 
campuses, as screening is the first and fundamental step 
of the flow and that PUMCH urgently set up a series of 
separate cabinets with air conditioners for nasopharyn-
geal swab collection. The CSR therefore appeals to the 
global community for the manufacture, equipment, and 
utilization of integrated cabinets. Furthermore, the CSR 
emphasized that environmental services staff members 
need to be specially trained for professional cleaning of 
potentially contaminated surfaces after each high-risk 
patient contact. Radiology departments should contact 
their equipment vendors to find the safest disinfectant 
for each piece of equipment in use. Additionally, the CSR 
encourages the radiology departments to collaborate 
with the IT departments to construct a remote imaging 
system helping radiologists work at home. Moreover, 
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a medical application on both iOS and Android smart 
phones can help patients receive their image reports. Z. 
Y. Jin also emphasized the importance of collaboration 
between the radiology community and local government 
in order to raise public awareness in disease control, 
stating that the CSR has published a free handbook on 
COVID-19 for the public. Finally, Z. Y. Jin commended 
the strong international collaboration between different 
radiological societies.

The situation in Korea and Japan
W. Lee submitted a report on behalf of the Korean Soci-
ety of Radiology (KSR). He emphasized the importance 
of scientific reports, mentioning that a Korean chest 
radiologist promptly published initial experience in the 
Korean Journal of Radiology [4]. W. Lee further explained 
that the KSR and the Korean Society of Thoracic Radiol-
ogy (KSTR) published “KSR/KSTR Guidelines for the use 
of Diagnostic imaging for COVID-19” [5], the recom-
mendations regarding the use of diagnostic imaging for 
COVID-19 in various clinical scenarios. The published 
Guidelines focused on the role of imaging studies (chest 
radiographs, chest CT) as screening tests for COVID-19, 
the use of diagnostic imaging for COVID-19 patients in 
community treatment centers for isolation and imaging 
studies for admitted patients with COVID-19. Korean 
Society of Thoracic Radiology (KSTR) recently estab-
lished and published Korean Imaging Cohort of COVID-
19: Potential Role in Education and Research [6].

S. Aoki, on behalf of the Japan Radiological Society 
(JRS), reported that due to the geographic proximity to 
China, Japan was one of the first countries to be affected 
by the outbreak. It was quickly realized that the basic 
supplies were lacking, including personal protective 
equipment (PPE) and the tests for diagnosis (i.e. reverse 
transcription polymerase chain reaction: RT-PCR), thus 
having to rely heavily on contact-tracing (AKA “cluster 
busters”). S. Aoki further reported that, in addition to 
the initial outbreak, Japan was faced with the cruise ship 
Diamond Princess in early February, which was the larg-
est cluster outside of China. However, one of the first 
imaging studies [7] was performed exactly on this group 
of patients, where quarantined PCR positive patients 
underwent screening CT scans and the results of this 
study have shown that the sensitivity of CT in detect-
ing the lung diseases in asymptomatic patients was not 
high with only half of those who were confirmed posi-
tive for COVID-19 had CT evidence of viral pneumonia. 
Commenting on the use of CT, S. Aoki reported that the 
JRS made a few announcements on their web sites stat-
ing that “CT is not for screening” [8, 9]. Another project 
mentioned by S. Aoki was the national survey aimed at 
capturing the trend of viral pneumonia as depicted by 

CT [10]. The survey was carried out through the untiring 
volunteer work of the radiologists at the frontline. They 
were asked to click through a web-based survey to keep 
record of the cases they encountered. All suspected cases 
were included, both with and without PCR diagnosis of 
COVID-19. Of note is that the incidence of “pneumonia 
of unknown aetiology” had a similar trend to the num-
ber of proven cases. This suggests that there are clinically 
undiagnosed cases. Finally, S. Aoki stated that this pan-
demic demands further international collaboration.

The situation in the Asia‑Oceania region
D. Varma, on behalf of the Asian Oceanian Society of 
Radiology (AOSR), reported on the current situation, 
activities and measures undertaken by radiologists in 
Asian Oceanian region. In Australia, the hospitals went 
into overdrive increasing ICU bed capacity, ceasing elec-
tive surgery separating areas in Emergency Departments 
for suspected COVID-19 cases. PPE was used widely 
in managing these patients. Some radiology depart-
ments managed to separate imaging and interventional 
facilities to look after COVID-19 suspect or confirmed 
cases. In Hong Kong, The Hong Kong College of Radi-
ologists (HKCR) aligned radiologists from all Radiology 
Training Centers in Hospital Authority (HA). Depart-
ments engaged occupational therapists to design an 
‘anti-splashing screen’ to protect the staff during ultra-
sound scan aiming to conserve PPE. Japan Radiologi-
cal Society (JRS) has started surveillance on diagnostic 
imaging of virus pneumonia in order to grasp the novel 
coronavirus clusters and the spread of the virus infec-
tion in Japan. Malaysia hospitalized all COVID-19 posi-
tive individuals in designated hospitals. Private hospitals 
were on standby to receive non-COVID-19 Ministry of 
Health (MOH) patients. Radiology departments took 
steps to be “COVID-ready”. Regularly updated MOH 
guidelines on COVID-19 management were widely cir-
culated. In Korea, the Korean Society of Radiology and 
the Korean Society of Thoracic Radiology have prepared 
recommendations for the use of diagnostic imaging for 
COVID-19 in various clinical scenarios. On March 23, 
2020, the Royal College of Radiologists of Thailand and 
Radiological Society of Thailand established “Guidelines 
for radiology practice during pandemic of COVID 19 for 
Thai radiological healthcare professionals”. The Thailand 
Ministry of Digital Economy and Society and a private 
firm are conducting limited use and research using arti-
ficial intelligence (AI) to detect COVID-19 pathology on 
CT chest. These products are however not yet commer-
cially available. In Taiwan, in 2004 following the SARS 
(severe acute respiratory syndrome) outbreak, the gov-
ernment established the National Health Command Cen-
tre (NHCC) overseen by Ministry of Health and Welfare. 
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The NHCC has been crucial in gathering early data on 
the COVID-19 outbreaks in China and other parts of 
Asia. Taiwanese model of epidemic preparedness from 
previous experiences has proven of great value in con-
taining the spread of COVID-19.

The situation in Australia and New Zealand
L. Lawler reported on behalf of the Royal Australian and 
New Zealand College of Radiologists (RANZCR). The 
RANZCR took measures to reduce risks and ensure the 
safety of its members and their patients and at the begin-
ning of March 2020 formed a COVID-19 Taskforce. The 
Taskforce, made up of senior clinicians including repre-
sentatives from the Faculty of Clinical Radiology and Fac-
ulty of Radiation Oncology Councils, Chief Censors from 
each faculty, Chair of the Safety and Quality Committee, 
a representative from the Board, RANZCR CEO, and a 
media and communications staff member, was responsi-
ble for coordinating a whole-of-College response to the 
COVID-19 outbreak that effectively mitigated the risks 
to clinical radiologists, their patients, the College and 
College staff. With oversight from the COVID-19 Task-
force, RANZCR developed several position statements 
and guidance documents to support members. RANZCR 
also worked closely with governments and other stake-
holders to advocate for appropriate access to personal 
protective equipment (PPE), and monitored emerging 
literature from around the world to share with mem-
bers as educational resources. These multidisciplinary 
resources included key links to educational material on 
imaging findings and information on how to prepare 
clinical radiology departments and practices to cope with 
the challenges presented by COVID-19. L. Lawler further 
explained that RANZCR advocated strongly to govern-
ments to provide reassurances that vulnerable clinical 
radiology practices could remain viable during the pan-
demic period, as the pandemic rapidly and severely 
affected private and community-based radiology services 
throughout Australia and New Zealand, to the extent that 
many diagnostic and interventional practices faced real 
concerns over their long-term viability. Finally, L. Lawler 
concluded that, concerningly, deferred referrals to radiol-
ogy due to COVID-19 were likely to significantly extend 
the waiting times for patients and would put increased 
pressure on radiology services into the future due to the 
backlog.

The situation in Europe
B. Brkljačić reported on behalf of the European Society 
of Radiology (ESR). He explained that the ESR was fast 
to react to the effects of the pandemic and developed a 
strategic approach aimed at facilitating the fight against 
the virus and supporting radiologists in their work with 

COVID-19 patients and advocating the importance of 
ensuring continuity of care for all other patients. Already 
in the first days of the pandemic, the ESR established a 
dedicated resource hub on the ESR website with impor-
tant resources for radiologists. The resource hub con-
tains information on guidelines, publications, research, 
and support measures with the data being continuously 
updated. Furthermore, the European Institute for Bio-
medical Imaging Research (EIBIR) compiled a prelimi-
nary list of open access COVID-19 datasets that can be 
used for teaching, training, and research. The list is being 
continually updated with new databases and registries, 
as radiologists around the world continue making pro-
gress in fighting the pandemic. Through ESR Connect, 
the Society’s video platform, ESR provided a medium 
for leading scientists to present latest findings related to 
the ongoing pandemic. Series of “ESR Connect Special 
Reports—Radiology Fighting COVID-19” offered first-
hand reports from European experts sharing their coun-
tries’ experience in diagnosing and treating COVID-19 
patients. In addition to being available on ESR Connect, 
all recent COVID-19 streaming events have also been 
published on ESR YouTube channel to guarantee easy 
sharing and simple accessibility to the latest knowledge 
and findings. In order to provide further support to radi-
ologists around the world fighting this emergency, the 
ESR decided to make its online platforms ESR Connect 
and Education on Demand freely available for a limited 
period. With these services, a wealth of video content, 
recorded lectures, literature, and educational courses 
were made readily available for everyone completely 
free of charge. Furthermore, as increased connectivity 
and information exchange have proven to be vital when 
dealing with a global pandemic, the ESR intensified its 
social media presence, striving to foster further discus-
sion among imaging professionals through various online 
channels, such as the dedicated ESR Twitter discussion 
thread. At the same time, the ESR released statements 
aimed at politicians in the European Union, emphasizing 
the importance of medical imaging in the fight against 
COVID-19 and calling for healthcare systems to imple-
ment multidisciplinary and integrated solutions to offer 
the right diagnostic and treatment options to patients. 
The Society’s Annual Meeting, ECR 2020, was also 
affected by restrictions imposed by the national govern-
ments and was successfully organized as a virtual event. 
Carefully designed scientific programme at ECR 2020 
included special sessions dedicated to the fight against 
COVID-19 with foremost European experts offering 
their knowledge and experience. The 2020 International 
Day of Radiology (IDoR) is dedicated to all imaging pro-
fessionals and their essential role in fighting the COVID-
19 pandemic making an indispensable contribution to 
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the diagnosis and treatment of COVID-19 patients. With 
the IDoR 2020 motto ‘Radiologists and radiographers 
supporting patients during COVID-19’ the ESR strives 
to call attention to the critical role that medical imaging 
has played during the current crisis. Finally, B. Brkljačić 
explained that, despite the difficulty of the current situa-
tion, the societies must look to the future and analyze the 
long-term consequences that the COVID-19 pandemic 
will have on different aspects of radiology. An important 
issue in this regard is the education and training of future 
radiologists that has been disrupted by the effects of the 
pandemic. That is why the ESR has developed a survey 
addressed to young radiologists across Europe that aims 
to examine what were the effects of the pandemic on 
their education and training, in order to be able to miti-
gate the pandemic’s negative consequences on future 
generations.

Position of the International Society of Radiology 
(ISR)
L. Donoso, on behalf of the International Society of 
Radiology (ISR), reported that, following the outbreak 
of the COVID-19 pandemic, the ISR launched a number 
of initiatives, which showed the importance of ISR col-
laboration with the WHO and the International Atomic 
Energy Agency (IAEA). The ISR set up a collection of 
freely accessible resources on its website, including 
guidelines provided by member societies from all over 
the world as well as open source publications and web-
sites on Covid-19 and WHO advice including ISR input. 
Furthermore, to support countries in their response to 
the COVID-19 pandemic, WHO has developed a Rapid 
Advice Guide on the use of chest imaging in COVID-19 
[11] which provides health care professionals with rec-
ommendations on the appropriate use of different imag-
ing modalities in COVID-19 cases to support diagnosis 
and patient management decisions, considering different 
settings around the world. These recommendations were 
developed by a multidisciplinary group of experts and 
relevant stakeholders from all over the world in liaison 
with the Core Group, both under the chairmanship of 
Prof. Guy Frija, who is also Co-Chair of the ISR Quality 
and Safety Alliance and Chair of the ESR EuroSafe Imag-
ing Steering Committee. L. Donoso emphasized that the 
ISR provided technical support for data collection on 
imaging practices in COVID-19 management to inform 
this guide, which included the development and dissemi-
nation of a survey, conducted jointly with the ESR, which 
in turn showed considerable variations in imaging prac-
tices related to COVID-19 across the world. A  report12 
on the survey results was subsequently published. 
Through the ESR, ISR also provided virtual meeting 
assistance and rapporteur services. L. Donoso concluded 

by stating that, due to the novelty of the coronavirus dis-
ease, evidence and data are continuously emerging which 
is why the WHO will closely monitor the development 
and consider an update of the rapid advice guide within 
the next six months.

Conclusion
The global pandemic of COVID-19 has had an unprec-
edented impact on the modern world and is unlike 
anything experienced in generations. There exists not 
a single aspect of people’s daily lives that has not been, 
directly or indirectly, affected by the pandemic. While the 
scientists around the world are in a race against time to 
create a suitable vaccine that could help defeat the virus, 
the medical staff is doing their best to mitigate the conse-
quences that the virus is having on human health and to 
save as many lives as possible. However, hospitals around 
the world are experiencing over saturation, and lack of 
staff and suitable equipment is making an already dif-
ficult fight even more complicated. Radiologists play an 
especially important role in the global efforts against the 
pandemic, and radiological societies around the world 
are doing their best to support not only the medical staff 
but also the governments and the general public in the 
joint struggle against this vicious enemy.

The radiological societies in North America are joining 
efforts with other societies and are organizing dedicated 
workgroups and task forces that will manage to tackle 
current problems in a focused yet flexible way. At the 
same time, they are creating knowledge repositories and 
offering much needed guidelines, statements and recom-
mendations addressed to the governments as well as the 
general public. Only through the joint efforts of the radi-
ological societies, the government, industry, and stake-
holders can proper information and advice be provided 
which will lead to minimizing the spread of COVID-19.

In Latin America, the societies are being faced with a 
critical lack of protective equipment and materials while 
at the same time experiencing a surge in the numbers of 
confirmed cases, with many healthcare systems being 
on the verge of collapse. The societies are offering much 
needed guidelines and recommendations on how to deal 
with the crisis and constant online educational activi-
ties are being provided. Latin American radiologists are 
forced to adapt and to find innovative ways of dealing 
with the pandemic while trying to protect the patients’ 
health.

Many areas of Egypt are also being faced with a lack 
of resources, materials, and equipment, however the 
ESRNM is relentless in highlighted the different guide-
lines, publications, and opinions that will help radiolo-
gist fight this pandemic. In the United Arab Emirates, the 
healthcare system was relatively well-prepared to deal 
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with the pandemic and radiologists in the country are 
carefully examining developments and research findings 
coming from other countries. In India, a specific strategic 
approach, named “A.M.M.O.” has been developed, aimed 
at analyzing the patients’ status, minimizing exposure 
risk, mobilizing the available radiologists and organizing 
the workflow in the hospitals in a way that will protect 
the patients. In Thailand, the online aspects of different 
activities are being implemented and radiologists are dis-
couraging an over-extensive use of imaging when diag-
nosing COVID-19. China, as a country that was the first 
to experience the deadly consequences of the COVID-19 
pandemic, is using this experience to share the knowl-
edge and offer guidelines and recommendation to other 
societies across the world. Research papers from China 
have served as stable source of information in the fight 
against the virus and the CSR is offering different recom-
mendations based on the Chinese experience, such as the 
one to implement the use of integrated cabinets when 
dealing with the virus. In Korea, the KSR is emphasizing 
the importance of scientific research and in Japan, the 
JSR is continuously offering recommendations based on 
latest surveys and findings.

When it comes to the Asian Oceanic region, individual 
societies are mobilizing all available resources to fight 
the virus and are trying to minimize its spread. Accord-
ingly, the RANZCR formed a COVID-19 Taskforce that 
oversaw the development of several position statements 
and guidance documents to support the RANZCR mem-
bers. At the same time the RANZCR is working closely 
with the government to provide reassurances that vul-
nerable clinical radiology practices could remain viable 
during the pandemic period, as the pandemic rapidly and 
severely affected private and community-based radiology 
services throughout Australia and New Zealand.

In Europe, the ESR has developed a focused strategic 
approach that emphasizes facilitated access to the latest 
knowledge and enables experience sharing among radi-
ologists. At the same time, the ESR looks to the future 
and strives to analyze what the long-term consequences 
of COVID-19 on radiology will be.

The ISR is working closely with WHO and the IAEA 
and is providing healthcare professionals with recom-
mendations on the appropriate use of different imaging 
modalities in COVID-19 cases to support diagnosis and 
patient management decisions.

Radiologists around the world are being faced with 
one of the deadliest threats the modern world has expe-
rienced. The constant flow of knowledge and sharing of 
best practices, recommendations, and guidelines as well 
as closer than ever collaboration between different radi-
ological societies are paramount in ensuring that this 
unprecedented threat is overcome.
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How COVID-19 kickstarted online learning in medical 

education – results of an international student survey. 
 

Abstract 

 

Objectives 

The COVID-19 pandemic led to far-reaching restrictions of social and professional life affecting 

societies all over the world. To contain the virus, medical schools had to restructure their curriculum 

by switching to online learning. Although having been discussed before the pandemic, only few 

medical schools had implemented such novel learning concepts. Aim of the study was to evaluate 

students’ attitudes on online learning in order to provide a broad scientific basis to guide future 

development of medical education. 

Materials and methods 

Overall, 3046 medical students from 18 centers in 10 different countries participated in this cross-

sectional study investigating various aspects of online learning in medical education. On a 7-point 

Likert scale, participants rated the online learning situation during the COVID-19 pandemic at their 

medical schools, technical and social aspects of online learning, and the current and future role of 

online learning in medical education. 

Results 

The majority of medical schools managed the rapid switch to online learning (79%) and most 

students were happy with the quantity (68%) and quality (62%) of the courses provided. 

Furthermore, online learning provided a greater flexibility (84%) and led to a constant or even higher 

attendance of courses (71%). Possible downsides include motivational problems (42%), insufficient 

possibilities to interact with fellow students (66%), and thus the risk of social isolation (64%). The vast 

majority of students own the devices needed for online learning (97%) and feel comfortable using 

the software solutions. In general, most students were convinced that medical education is lagging 

behind regarding online learning (84%) and estimated the proportion of online learning before the 

pandemic at only 14%. For the future, they wish for a more prominent role with around 42% of 

online learning compared to on-site teaching.  

Conclusion 

This study clearly demonstrates the positive attitude of medical students towards online learning. 

Furthermore, it reveals a considerable discrepancy between what students demand and what the 

curriculum offers them. All in all, the COVID-19 pandemic might be the long awaited catalyst for a 

new “online era” in medical education.  

 

 



Introduction 
 

Since early 2020, the whole world holds its breath due to the coronavirus disease 2019 (COVID-19) 

pandemic. Almost all countries were heavily impacted by its bursting outbreak (1). With the aim of 

stopping the spread of the virus, far-reaching restrictions of social and professional life were adopted 

(2). Medical schools had to restructure their curriculum by switching from on-site teaching to online 

teaching (3–6). Due to the rapid progress of the pandemic, these changes had to be implemented 

under considerable time pressure.  

Today’s students are highly interested in innovative teaching concepts including e.g. online learning, 

networked learning, simulation-based learning and other innovative teaching concepts (7–9). 

However, only a minority of medical schools had implemented such innovative concepts so far (10–

12). One frequent argument against online learning in the past was that its implementation is both a 

time-intensive and expensive process due to the lack of the infrastructure needed (8,13,14).  

However, due to the „catalyst effect“ of the pandemic, such concepts have been successfully 

introduced to a much greater extent during the last months (3–6). All in all, the current situation 

might pose a unique opportunity for the broad implementation of innovative online learning 

concepts in order to fulfill students’ “teaching needs”. Thus, we decided to conduct this confirmatory 

international, multicenter study in order to provide a broad, scientific basis and to present evidence 

for future developments and decision-making.  

Materials and methods 
 

Study set-up  
This survey was conducted as a cross-sectional study including several medical schools worldwide, in 

particular Bulgaria, Canada, Greece, Germany, Ireland, Spain, Switzerland, the Netherlands, Turkey, 

and the US. As this is a web-based, cross-sectional study, it has been conducted in accordance with 

the “Checklist for Reporting Results of Internet E-Surveys (CHERRIES)” (15) and with the 

“Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: 

guidelines for reporting observational studies” (16). Institutional review board approval was waived 

by the Ethics Committee of the Medical Association of Rheinland-Pfalz. 

 

 

 

 

 

 

 



Questionnaire design 
A dedicated questionnaire was designed together with the Center for Quality Assurance and 

Development (ZQ) of the Johannes Gutenberg University Mainz. The questionnaire consisted of 

various sections covering in particular the following aspects: Current online learning situation at 

medical school, types of online learning currently offered and being wished in future, technical and 

social aspects of online learning, attitudes towards the current and future role of online learning in 

medical education, suitability of teaching concepts for online learning, current and desired ratio 

between online and on-site learning. In total, the questionnaire consisted of 35 questions. Students 

were asked to answer the questions using a 7-point Likert scale (1 = “strongly disagree,” 

2 = “disagree,” 3 = “somewhat disagree,” 4 = “neutral,” 5 = “somewhat agree,” 6 = “agree,” to 7 = 

“strongly agree”). Deliberately, we decided for a 7-point scaling system for the following reasons. 

Compared with a 5-point scale, a 7-point scale leads to a high variance of answers and thus to higher 

reliability and more nuanced trend analysis (17). Scaling up higher to 9-point or even 11-point 

systems, however, would not yield added value regarding the information obtained and would have 

strained the abstraction capabilities of our respondents (18). The entire questionnaire is attached in 

the supplement (supplementary data, questionnaire). 

 

Validation of the questionnaire 
The questionnaire underwent a two-step validation approach in order to further enhance the quality 

of the study. First, cognitive pretesting was performed on a small sample size of 10 students (19); 

second, a pilot testing was performed on a larger cohort of 50 medical students from two university 

medical centers (20). The final questionnaire was transferred to an established online survey tool 

(SurveyMonkey®, www.surveymonkey.com), which was used for data collection, too.  

 

Distribution of the questionnaire 
Invitations to take part in the study were sent via email over the dean’s offices and/or via social 

media to all students of the participating medical schools. The invitations were further distributed by 

the German (BVMD) and the European Medical Students’ Association (EMSA). All invitations 

contained an identical short introductory text and the hyperlink to access the survey. The students 

were informed that the survey results would be anonymous and that they were collected for 

research purposes only. The survey started on June 12, 2020 and was closed on July xxxx, 2020. 

Statistical analysis 
Final survey results were extracted as CSV file and subsequently analyzed using R 4.0 (A Language 

and Environment for Statistical Computing, R Foundation for Statistical Computing, https://www.R-

project.org; accessed July 2020). Figures were plotted using the ggplot2 and likert packages (21,22). 

Comparison between responses was performed using Welch’s t-test (23,24). A p-value less than 

<0.05 was considered statistically significant. For further subgroup analysis regarding sex and study 

year, effect size according to Cohen’s d was considered large if it varied greater than 0.5. 

http://www.surveymonkey.com/
https://www.r-project.org/
https://www.r-project.org/


Results 

Participants’ demographics 
A total of 3046 participants completed the questionnaire. The demographic data recorded were sex 

(32% male, 68% male), age (median 23 years), and current study year (median 3rd study year) (Table 

1). The detailed distribution of the participants according to study year and gender can be found in 

figure 1.  

Table 1: Demographic characteristics of the participants 

Sex Female n (%) n=2071 (68%) 

Male n (%) n=975 (32%) 

Age Median y (IQR) 23 (18-28) 

Study year Median y (IQR) 3 (1-5) 

 

 

Figure 1: Distribution of the participants according to sex and to their current study year. 

 

Survey results 
In the following, survey results for each particular category are presented in written and tabular form 

(Tables 2-4). To increase comprehensibility, the categories “strongly disagree”, “disagree” and 

“somewhat disagree” were summarized as disagreement and “somewhat agree”, “agree” and 

“strongly agree” as agreement in the tables. For statistical analyses, the original categories were 

used. The entire results on one glance are presented in Figure 5.  

 

Current online learning situation at medical school  

The vast majority of medical schools successfully switched to online learning (79%), although only 

very few (13%) offered many online courses before the pandemic. All in all, most students are 

satisfied with the quantity and quality of the online courses offered by their medical schools during 

the pandemic (68% and 62%, respectively). To capture the participants’ affinity to online usage, they 
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were asked about the extent of their social media use, which is frequently used by a vast majority 

(82%) (Table 2, Figure 5). 

 

Table 2: Current online learning situation at medical school 

Statement Agree Neutral Disagree Mean 

Since the pandemic, my medical school 
successfully switched to online courses 

79% 11% 10% 5.3 ± 1.4 

Before the pandemic, my medical 
school already offered many online 

courses 

13% 16% 71% 2.8 ± 1.4 

I am happy with the quantity of online 
courses provided 

68% 14% 18% 5.0 ± 1.6 

I am happy with the quality of online 
courses provided 

62% 17% 21% 4.7 ± 1.6 

I regularly use social media 82% 9% 9% 5.6 ± 1.4 

 

 

Types of online learning currently offered and being wished in future 

Pre-recorded lectures or seminars without possibility of interaction (96%) and interactive live 

lectures or seminars (83%) were by far the most common types of online learning offered by medical 

schools. Online platforms and resources for self-learning/self-assessment modules were common, 

too (72%). Not very common were chats (with/without video stream) (42%) and rather uncommon 

were audio podcasts (12%). The ranking of the participants regarding their desired types of online 

learning in future followed exactly the same order (Figure 2). 

 

 

 

Figure 2: Boxplots showing the proportion of types of online learning currently offered (A) and the ranking of types of online learning being 

wished in future by the students from top (most desired) to bottom (least desired) (B).  

 



Technical aspects of online learning  

The great majority of students already owns the electronic devices required for online learning (97%) 

and is further willing to invest in such devices (75%). Most participants prefer the computer (77%), a 

few use the tablet (22%), and only very few use the smartphone (1%). Most participants feel 

comfortable using the software solutions for online learning (80%). All in all, three-quarters of the 

participants feel well prepared for online learning (76%) (Table 3, Figure 5).  

Table 3: Technical aspects of online learning 

Statement Agree Neutral Disagree Mean 

I have the devices required for online 
learning 

97% 2% 1% 6.6 ± 0.8 

I think it is acceptable to own the devices 
required for online learning 

75% 12% 13% 5.3 ± 1.5 

I feel comfortable using the software 
required for online learning 

80% 11% 9% 5.5 ± 1.3 

I feel well prepared for online learning 76% 11% 13% 5.3 ± 1.5 

 

Social aspects of online learning  

Online learning provides a greater flexibility (84%). However, a considerable proportion has 

difficulties to motivate themselves to follow online learning modules (42%). For around two-thirds 

online learning might bear the risk of social isolation (64%) and does not offer sufficient possibilities 

to interact with fellow students (66%). Only very few are concerned about their privacy when using 

online learning (13%) (Table 4, Figure 5). 

 

Table 4: Social aspects of online learning 

Statement Agree Neutral Disagree Mean 

Online courses give me a greater flexibility 84% 8% 8% 5.8 ± 1.5 

I find it difficult to motivate myself to 
follow online courses 

42% 15% 43% 3.4 ± 1.9 

Online learning bears the risk of social 
isolation 

64% 14% 22% 4.9 ± 1.8 

Online learning offers sufficient 
possibilities to interact with my fellow 

students 

19% 15% 66% 3.0 ± 1.6 

I am concerned about my privacy when 
using online learning 

13% 11% 76% 2.6 ± 1.5 

 

Attitudes towards the current and future role of online learning in medical education  

The vast majority believes that medical education in general is lagging behind regarding online 

learning (78%), thus, only few participants were satisfied with the current role of online learning in 

medical education (27%). Only 23% consider the previous experience of lecturers in online learning 

to be sufficient but, in contrast, a vast majority expects them to be familiar with online teaching 

(83%). For around three-quarters of the participants switching to online learning led to a higher or 

constant attendance in courses (71%) (Table 5, Figure 5). 



 

Table 5: Attitudes towards the current and the future role of online learning in medical education 

Statement Agree Neutral Disagree Mean 

Online learning offers sufficient possibilities to 
interact with the lecturer 

43% 15% 42% 4.0 ± 1.7 

Online learning increases the quality of medical 
education 

40% 19% 41% 4.0 ± 1.9 

Online learning should play a more prominent role in 
medical education 

58% 15% 27% 4.7 ± 2.0 

Medical education is lagging behind in online learning 78% 14% 8% 5.4 ± 1.4 

Online learning can harmonize the curricula 45% 28% 27% 4.3 ± 1.6 

I expect lecturers to be familiar with online learning 83% 10% 7% 5.6 ± 1.3 

Lecturers have sufficient previous experience in 
online learning 

23% 26% 51% 3.4 ± 1.4 

Switching to online courses led to a higher 
participation in courses 

42% 29% 29% 4.3 ± 1.7 

 

Suitability of teaching concepts for online learning  

The participants´ rating regarding the suitability of online learning for different teaching concepts is 

as follows: 1. lecture: (91%); 2. seminar: (57%); 3. bedside teaching: (12%); 4. practical training: (9%) 

(Figure 3). 

 

Figure 3: Centered stacked bar showing the detailed responses of the participants regarding the “suitability of teaching concepts for online 

learning”. Ranking is from highly suitable (lecture) to unsuitable (practical training).  

 

Current and desired ratio between online and on-site learning 

In the last two questions, students were asked to estimate the ratio between online learning and on-

site teaching before the pandemic and to state the ratio being desired for the future. Before the 

pandemic, students estimated the ratio between online learning and on-site teaching at 14% online 

vs. 86% on-site teaching. In future, participants wish for a more balanced ratio of 58% on-site 
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teaching and 42 % online. Means differed statistically significant (p<0.05). The detailed distribution is 

provided in a violin plot (Figure 4) 

 

Figure 4: The upper violin plot depicts the ratio between online learning and on-site learning before the pandemic (mean 14%). The lower 
violin plot depicts the ratio between online learning and on-site learning wished for the future (mean 42%). (The x-axis shows the ratio of 
online learning from 0% to 100%.) 
 
 



 

Figure 5: Centered stacked bar plot showing the detailed responses of the participants regarding the “current online learning situation” (A), 

the “technical aspects of online learning” (B), the “social aspects of online learning” (C), and the “attitudes towards the current and the 

future role of online learning in medical education” (D). Orange tones represent “disagreement”, grey represents “neutral”, and blue tones 

represent “agreement”. 
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Discussion 
With more than 3000 participants from countries all over the world, this study about online learning 

in medical education underlines the immense relevance of this topic for medical students and for 

medical education in general. In summary, our study clearly demonstrates the positive attitude of an 

overwhelming majority of medical students towards online learning. Students wish online learning to 

play a more prominent role in future medical education. Furthermore, students are convinced that 

medical schools are missing the digitization of learning and that medical education is lagging behind. 

Consistent with that, medical students estimate the pre-pandemic proportion of online learning in 

medical education at only 14%. In future, students wish for a more balanced ratio with at least 40% 

of online learning compared to on-site teaching.  

Before the pandemic, teaching in most medical schools has been mainly based on “traditional” 

concepts requiring physical presence of the students (12,13,25,26). The outbreak of the COVID-19 

pandemic led to a sudden switch from on-site teaching to almost entirely online teaching (3–6). 

However, this switch was mostly born out of necessity and frequently caused problems in the 

teaching “logistics” of medical schools. Technical infrastructure had to be installed and lecturers had 

to adapt their courses immediately. However, our survey results indicate that students were 

nevertheless satisfied with both quality and quantity of the online courses provided. This means that 

most medical schools were able to master the step from on-site to online teaching on short notice. 

This refutes the widespread opinion that switching to online learning is both a time-intensive and 

expensive process due to the lack of the infrastructure needed (8,13,14). In fact, our results indicate 

that the infrastructure for online teaching is already there in most medical schools and is just 

“waiting” to be used.  

Despite this successful switch to online learning, however, there are downsides of online learning 

often claimed which should be considered. An issue is the possible danger of social isolation due to 

reduced “real” discussions with fellow students or lecturers (9,27). This also includes lack of 

distinction between home and “work place” due to increased study times at home (28). The 

participants shared this point of view and take social isolation seriously. However, it must be 

considered that the possible danger of social isolation may be aggravated due to the concurrent 

situation of a mandatory nationwide quarantine in many countries. Furthermore, it can be assumed 

that after the pandemic social life will take place again - and, maybe, online courses will allow for 

even more social activities due to the increased flexibility.  

Furthermore, our results indicate that a considerable proportion of participants had difficulties to 

motivate themselves to follow online learning modules. However, this seems to be a multifactorial 

issue and recent studies on students’ motivation indicate that the major “motivational” factor may 

be the teaching type (e.g. problem-based vs. lecture-based) and not the teaching format (online vs. 

on-site teaching) (29,30). Possible solutions could be to not only provide single online courses but to 

integrate these into a dedicated framework including a schedule for each subject and probably 

frequent performance reviews to avoid leaving students behind. 

However, even before the pandemic, declining attendance rates of students have become part of 

everyday medical school life (31,32). Various possible reasons have been discussed (31,32); and, as 

our results indicate, changed “learning cultures” and “learning mentalities” of medical students seem 

to be major factors. For example, an access to broad online learning opportunities without the 

necessity of any physical presence is very easy nowadays. Our results show that medical students 



often use online contents and appreciate various types of online learning. Furthermore, students are 

willing to invest in the electronic devices required for online teaching, which backs up the high 

intrinsic motivation. All in all, medical students are convinced that medical education is lagging 

behind regarding online teaching and they are dissatisfied with the amount of online teaching 

offered before the pandemic, which they estimate at around 14%. 

Although, there is this obviously strong demand for online learning among medical students, there 

are parts of the medical education, which seem unsuitable for digitization. For example, medical 

students as doctors-to-be require live patient contact via face-to-face interaction to develop clinical 

skills. The participants of our study recognize this as an important point, too, and judge digitization in 

medical education in a highly differentiated way. The students deem lectures and seminars but not 

bedside teaching and practical skills training appropriate for online teaching. Though, regarding e.g. 

practical skills training, there are plenty of options for using innovative teaching concepts as a “dry 

run” before facing real patients (33,34). This is in line with several studies underpinning the positive 

effect of laparoscopic, arthroscopic as well as endovascular simulator training which increases not 

only hands-on skills but also stimulates the interest in the particular subspecialty (35–37).  

However, regarding the results of this study, the challenge is to reasonably implement innovative 

online learning concepts in the curriculum. Primary goal for improving medical education should be a 

better linkage between theoretical teaching and clinical training (38,39). Thus, the participants of our 

study wish for theoretical teaching to be enriched by the increased use of online teaching methods. 

As a benchmark for the future, students deem a ratio of around 42% online and 58% on-site teaching 

ideal as our results indicate. 

To this issue, “blended learning”, which combines on-site and online learning as a “hybrid”, could be 

the perfect nexus (40,41). In order to actively enhance the learning process, students have to prepare 

the teaching content independently using online resources before a dedicated, problem-centered 

on-site course is delivered (40,42,43). The learning experience can be further enhanced by enriching 

the interaction with live polls or quizzes for self-assessment. This is especially noteworthy because it 

is known for some time that the learning process profits from multisensory stimuli – including visual 

and auditory stimuli (44). For medical education, there are plenty of options how similar concepts 

could be applied to, e.g. communication skills training with simulated patients before seeing “real” 

patients, simulator training before doing “real” interventions (33,34), etc.  

Limitations 
Our study is a questionnaire-based survey and therefore entails typical pitfalls of those. First of all, 

we had to consider selection bias meaning that interested students are more likely to complete the 

questionnaire (45). However, we had a very high number of participants from many different medical 

schools worldwide suggesting a statistically well-mixed and representative pool of participants. 

Furthermore, there is the potential for response bias, meaning that participants choose the answer 

that they assume is favorable (46). To attenuate this kind of bias, we created a completely 

anonymous and untraceable study design and instructed the students that the survey results were 

for research purposes only. 

Ultimately, we decided for a cross-sectional study design, which allows only for a snapshot. Thus, as a 

limitation, our results may not necessarily translate into long-term opinions in the students’ 

perception of online learning. To assess these effects, further longitudinal studies are necessary. Such 



follow-up studies should also investigate lecturer’s attitudes towards online teaching as well as 

potential differences on how both groups see “their” future of medical education.  

Conclusion 
In summary, there is an obvious discrepancy between what the students demand and what the 

current curriculum offers them. Therefore, it is our duty to restructure medical education not only 

for now but also even more after overcoming the pandemic. Positively speaking, the COVID-19 

pandemic might be the long awaited and much-needed catalyst for a new online teaching era in 

medical education. Furthermore, the current situation gives students as well as lecturers the unique 

opportunity to create and further advance innovative learning and teaching concepts together. All in 

all, the medical society seems to understand the need for change and has already set the ball rolling. 
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European Society of Radiology (ESR) 

 

Summary of the proceedings of the International Forum 2021: “A more 
visible radiologist can never be replaced by AI”   
 
Abstract 

 
The ESR International Forum at the ECR 2021 discussed effects of artificial intelligence on the future of 

radiology and the need for increased visibility of radiologists. The participating societies were invited to 

submit written reports detailing the current situation in their country or region. The European Society 
of Radiology (ESR) established the ESR International Forum in order to discuss hot topics in the 

profession of radiology with non-European radiological partner societies.  At the ESR International Forum 
2021, different strategies, initiatives and ideas were presented with regard to radiology community’s 

response to the changes caused by the emerging AI technology. 
 

Keywords: Artificial Intelligence, Visibility, Technology, Future 

 
Main messages: 

 

• AI and radiology should be understood as having a symbiotic rather than a competitive 
relationship 

 

• The use of AI can increase the visibility of radiologists and allow them to focus on other issues 

and expand their current role 
 

• Use of AI can significantly increase the level of care offered to patients 
 

• Radiologists need to be viewed as thought leaders and medical experts in AI 

 

• The advent of AI can propel radiology into a high visibility technology-enabled speciality 
 

 

Introduction 

 
The ESR International Forum was established by the European Society of Radiology with the aim to 

discuss pivotal themes in the field of radiology with international societies from outside Europe. The 
ESR International Forum is held every year at the European Congress of Radiology (ECR) and 
participation is by invitation only. Due to the global pandemic of COVID-19, ECR 2021 was again held 

as a virtual congress and the participants of the ESR International Forum submitted written reports 
describing their society’s approach to the important issue of the use of AI in radiology. 

 

Previous topics discussed in the ESR International Forum include measures undertaken by radiologist in 
the fight against Covid-19, the relation between radiology and nuclear medicine, the position of 

ultrasound in radiology, the relation of general radiology and subspecialty radiology, the implementation 
of clinical decision support and imaging referral guidelines in the clinical routine, the position of 

interventional radiology within radiology, value-based radiology, and the strategies to engage the 
younger generation. 

 
The following societies  submitted a report and presented the point of view of their respective country 
or region: The American College of Radiology (ACR), the Asian Oceanian Society of Radiology (AOSR), 

the Brazilian College of Radiology (CBR), the Chinese Society of Radiology (CSR), the Colombian 
Association of Radiology (ACR), the Egyptian Society of Radiology and Nuclear Medicine (ESRNM), the 

Indian Radiological and Imaging Association (IRIA), the Inter-American College of Radiology (CIR), the 

International Society of Radiology (ISR), the Japan Radiological Society (JRS), the Korean Society of 
Radiology (KSR), the Mexican Federation of Radiology and Imaging (FMRI), the Mexican Society of 

Radiology and Imaging (SMRI), the Radiological Society of the Emirates (RSE), the Radiological Society 
of North America (RSNA), the Radiological Society of Saudi Arabia (RSSA), the Radiological Society of 

Thailand (RST), the Royal Australian and New Zealand College of Radiologists (RANZCR), the Royal 



College of Radiologists of Thailand (RCRT), and the Radiological and Diagnostic Imaging Society of São 

Paulo (SPR). The European Society of Radiology (ESR) presented the situation in Europe. 
 

 
The situation in North America 
 
M. C. Mahoney submitted the report on behalf of the Radiological Society of North America 
(RSNA). Pointing out that the RSNA recognized early on the importance of harnessing the power of AI 

to advance radiology, improve workflow, and enhance patient care, M. C. Mahoney explained that the 
RSNA leads the AI charge, convening radiologists, data scientists and industry toward the shared goal 

of gathering, organizing and labelling volumes of data to help solve some of today’s most pressing 
health problems. Core RSNA AI-related activities are done through the RSNA annual meeting, peer-

reviewed journals, and data gathering initiatives and collaborations. In 2020, RSNA’s first all-virtual 

meeting offered more than 100 AI education and research sessions. M. C. Mahoney further emphasized 
that the RSNA’s online journal Radiology: Artificial Intelligence, launched in 2019, highlights emerging 

applications of machine learning and artificial intelligence in the field of imaging across multiple 
disciplines and keeps practicing physicians and imaging researchers up to date on the best emerging 

science in this subspecialty. Additionally, RSNA’s flagship journal Radiology also publishes cutting-edge 

AI research. In mid-2020, the RSNA COVID-19 AI Task Force launched the RSNA International COVID-
19 Open Radiology Database (RICORD), envisioned as the largest open database of anonymized COVID-

19 medical images in the world and in December 2020, the first annotated data set from RICORD was 
published by The Cancer Imaging Archive (TCIA). M. C. Mahoney also explained that each year since 

2017, RSNA has organized “AI Challenges” to spur the creation of AI tools for radiology. Finally, M. C. 
Mahoney concluded that radiologists’ participation in and contributions to patients’ health care teams 

are vital and that AI has enormous potential to make radiologists even more visible and valued members 

of those health care teams. 
 

G. McGinty, on behalf of the American College of Radiology (ACR), emphasized that radiologists, 
as both experts in imaging and leaders in the application of data science to healthcare, are the best 

equipped physicians to lead healthcare teams augmented by machine learning. Pointing out that in the 

USA there continues to be continued high demand for radiologists1, G. McGinty explained that it has 
become clear that radiologists are critical to developing and implementing AI in ways that will be safe, 

efficient and effective for the patients. Even though the US Food and Drug Administration (FDA) has 
cleared over 100 AI algorithms for clinical use in imaging, they all require final interpretations by 

physicians. G. McGinty stated that autonomously functioning AI will not occur until machines are also 

able to analyse and synthesize clinical history and inputs from all relevant data sources and that 
radiologists will best preserve their unique role by ensuring that they are present as trusted stewards 

of technology throughout the process of care from determining appropriateness of imaging 
examinations to effectively communicating results. Commenting on the ACR AI-related initiatives, G. 

McGinty explained that the American College of Radiology's Imaging 3.0 initiative2 and its Commission 
on Patient and Family Centered Care3 provide radiologists examples of increasing their visibility and 

value to patients and health systems. Despite the advances in AI, the general population does not yet 

support independent use of AI for image interpretation4 and radiologists will need to serve as a visible 
resource to patients as AI tools assume more importance in diagnosis to ensure that patients gain access 

to the highest quality care. The ACR has also collaborated with other professional societies on a road 
map for the ethical use of AI in imaging5 and includes the voices of patients through its committees and 

advisory groups. Finally, G. McGinty emphasized that radiologists need to be viewed as thought leaders 

and medical experts in AI. In that sense, the ACR’s Data Science Institute (DSI)6, founded in 2017, 
provides education as well as tools to evaluate and monitor algorithms, empowering radiologists to 

 
1 Bender CE, Bansal S, Wolfman D, Parikh JR. 2019 ACR Commission on Human Resources workforce survey. 

Journal of the American College of Radiology. 2020 May 1;17(5):673-5. 
2 https://www.acr.org/Practice-Management-Quality-Informatics/Imaging-3 
3 Allen B, Dreyer K, McGinty GB. Integrating artificial intelligence into radiologic practice: a look to the future. 

Journal of the American College of Radiology. 2020 Feb 1;17(2):280-3 
4 https://www.acr.org/Member-Resources/Commissions-Committees/PFCC   
5 https://www.jacr.org/article/S1546-1440(19)30944-5/fulltext 
6 https://www.acr.org/Practice-Management-Quality-Informatics/Imaging-3 



assume leadership roles in delivering ethical, patient centered, AI enabled care focused on equity, 

quality, and outcomes. 
 

 
The situation in Latin America 

 

G. M. Figueroa Sanchez, on behalf of the Mexican Federation of Radiology and Imaging (FMRI), 
reported on the current situation in Mexico. He pointed out that radiologists have a unique opportunity 

to become more visible thanks to artificial intelligence. By already managing various different systems, 
such as Radiology Information System (RIS) and Picture Archive and Communication System (PACS), 

and considering teleradiology, interdepartmental sessions, tumour boards, teleconsultations, etc., 
radiologists have the possibility to drive the technological revolution. Even though many processes are 

probably going to be handled by AI in the future, G. M. Figueroa Sanchez emphasized that radiologists 

would have a crucial role in the complex process of integrating all information, putting it in the context 
of the patient, and offering meaningful interpretation for the appropriate diagnosis and treatment. G. 

M. Figueroa Sanchez particularly emphasized that a visible radiologist adds value in the interpersonal 
relationship with patients, their families and also with clinical colleagues. He further stated that 

radiologists are to become data scientists, playing a key role in Precision Medicine, implementing the 

applications of AI and Big Data, thus being a fundamental part of the health system. Finally, G. M. 
Figueroa Sanchez stated that an AI-empowered radiologists will better communicate diagnosis to 

patients and referring physicians, will be more creative, empathic, with intuition and imagination and 
that being visible in the near future will certainly entail becoming experts in teleradiology and developing 

web-based portals with and for patients. 
 

N. Rodríguez Pedraza on behalf of the Mexican Society of Radiology and Imaging (SMRI), stated 

that radiology as a specialty has experienced an unprecedented progress, however, that recent 
advances in technology have made the radiologist more vulnerable, which is best reflected in the lack 

of communication between radiologists and patients and referring physicians. N. Rodríguez Pedraza 
emphasized that, while the processing of data and medical images through the AI algorithms has helped 

in reducing the burden of repetitive tasks and has increased overall diagnostic accuracy, the absence of 

contact between radiologists and patients still remains an issue. She further pointed out that the SMRI 
implemented AI modules in its congress in order to ensure that Mexican radiologists are more 

acquainted with the automation of data and can in turn improve diagnoses without losing the human 
perspective. Furthermore, the SMRI is developing multidisciplinary webinars and it is intended to apply 

this multidisciplinary approach to future congresses as well, which will in turn make radiologists more 

visible by putting them in contact with various other specialties involved in the diagnosis of a condition. 
Finally, N. Rodríguez Pedraza stated that including the name and a photograph of the physician 

interpreting the image on the X-ray film would make them more visible. 
 

M. Arrieta Usta, reporting on behalf of the Colombian Association of Radiology (ACR), stated that 
currently many patients are not aware of the usefulness of diagnostic imaging studies and imaging 

procedures, with some of them also not knowing the role of the radiologist and other professionals in 

the treatment and diagnosis of their medical conditions. Additionally, many other factors, such as 
isolation, anonymity, high workflows in short time, diagnosis by other physician, and improper 

administrative protocols affect radiologists. And, with the application of artificial intelligence, radiologists 
are at risk of becoming even more distant from the patient. That is why M. Arrieta Usta pointed out the 

importance of person-centred care. In that sense, the ACR has created “Radiology for life”, a community 

of patients that allows ACR to inform patients about various topics related to diagnosis and image 
intervention. M. Arrieta Usta explained that through this community, the ACR is developing a series of 

actions that allow radiologists to approach patients, highlight the importance of radiology, diagnostic 
images and therapy by images (interventional radiology), in addition to highlighting the role of 

professionals linked to the specialty. The ACR has also developed various scientific groups, one of which 
is Artificial Intelligence scientific group, coordinated by a committee consisting of an interdisciplinary 

team that works toward the proper use of artificial intelligence tools in the health sector in Colombia, in 

addition to promoting and supporting the developments in this area. Finally, M. Arrieta Usta explained 
that since 2019 the ACR has been venturing into the field of artificial intelligence through the promotion 

of different academic fora, in which issues related to the impact of these technologies on the exercise 
of radiology and diagnostic images could be discussed. In addition to education, the ACR Artificial 



Intelligence committee has focused its activities on three specific thematic pillars: regulation, ethics and 

technical aspects. 
 
V. Muglia, on behalf of the Brazilian College of Radiology (CBR), reported on the situation in Brazil. 
He explained that as diagnostic imaging is intrinsically linked to the development of new technologies 

its transformation through technological advances is inevitable. This is in turn also reflected in 

communication with other specialties and patients. V. Muglia stated that modern radiologists should 
increase their visibility by being present in multidisciplinary rounds, being always available for consulting 

complex cases, and by being accessible for patients. Pointing out that patients’ expectations are 
essential for changing how radiologists are seen, V. Muglia emphasized that radiologists should be 

readily available and should provide a good experience for patients in radiology centres, while also 
providing rapid turnover of reports. He further explained that the idea of AI as more of an ally than a 

threat to radiology is slowly gaining track. After an initial period in which AI was viewed as the panacea 

for solving all the problems of medicine, currently the irreplaceable role of the radiologist as the 
professional who is able to provide the best interpretation for imaging findings is being less questioned. 

V. Muglia also stated that currently several challenges prevent AI’s use on larger scale, namely the issue 
of generalizability and the model bias. However, it is possible to identify AI tools that can perform the 

simplest and most repetitive tasks of searching imaging findings, allowing radiologists to focus on the 

most complex role of finding the best interpretation. Commenting on the role of radiological societies, 
V. Muglia explained that they need to lead the narrative of the fundamental role of Diagnostic Imaging 

in patient’s care and emphasize the importance of Value-Based Health Care. Finally, V. Muglia stated 
that the notion that radiologists have a central role in clinical care and won’t be replaced by AI should 

be strongly and repetitively delivered. 
 
M. Brandão da Costa, reporting on behalf of the Radiological and Diagnostic Imaging Society of 

Sao Paulo (SPR) pointed out that the use of AI allows for greater efficiency in regards to diagnostic 
imaging and helps radiologists find a more precise diagnose. In that sense AI will never replace 

radiologists but will allow them to become better professional who help patients more efficiently. 
 

B. E. González Ulloa, representing the Interamerican College of Radiology (CIR), explained that 

radiologists, who were on the forefront of the digital era in medicine, can guide the introduction of AI 
into healthcare. They will, however, not be replaced because radiology includes communication of 

diagnosis, consideration of patient’s values and preferences, medical judgment, quality assurance, 
education, policy-making, and interventional procedures. The higher efficiency provided by AI will allow 

radiologists to perform more value-added tasks, becoming more visible to patients and playing a vital 

role in multidisciplinary clinical teams. Commenting on the creation of algorithms used in radiology, B. 
E. González Ulloa stated that scientists creating them might need to learn more about medicine which 

is something where radiology professionals could serve as guides. Proper understanding of the 
limitations of algorithms by clinicians and proper understanding of clinical data by programmers is key 

to creating algorithms usable in the clinical work. In conclusion, B. E. González Ulloa stated that in Latin 
America, like other regions of the world, clinical radiologists play an important role in diagnosis 

integration. AI and its applications on imaging are powerful tools designed to increase diagnosis 

accuracy but will not replace radiologists. 

 
 
The situation in Egypt 

 
T. El-Diasty, on behalf of the Egyptian Society of Radiology and Nuclear Medicine (ESRNM), 
stated that it is important to explore the role of the radiologist in building AI models in collaboration 

with the engineering teams. In that sense the current role of the radiologists could be additionally 
expanded as radiologists can provide additional valuable information to engineers. Furthermore, T. El-

Diasty mentioned an example of the Urology and Nephrology Centre at the Mansoura University, Egypt, 

that has an outstanding collaboration with an engineering team from the University of Louisville, KY, 
USA. This collaboration was established in 2004 and is still ongoing in many different projects related 

to the early detection and diagnosis of different diseases. T. El-Diasty concluded his report by stating 
that AI is there to assist radiologists and the radiologists and AI will continue to complement each other 

in the future. 

 



 

The situation in Saudi Arabia 
 

L. Jamjoom, on behalf of the Radiological Society of Saudi Arabia (RSSA) explained that it is 
important for a visible consultant to be accessible, affable, and accomplished and that a visible 

radiologist that uses AI will never be replaced by it. L. Jamjoom emphasized that AI has a 

complementary role and helps with tedious points in workflow, resulting in improved patient outcome, 
and enables radiologists to spend more time on what is important. Furthermore, she mentioned that a 

survey on AI, conducted in Saudi Arabia, examined radiologists’ attitude towards AI and that many 
radiologists found that AI will increase overall efficiency by reducing analysis and reporting time, 

enhance the diagnostic accuracy and provide medical facilities to remote areas, help with triaging and 
pinpointing alarming findings, improve health care, decrease diagnostic errors, and will increase 

standardization. At the same time radiologists were worried that AI might cause a reduction in the 

number of doctors and specialists, increases the number of false results, and lead to stereotyping and 
stiffness, wrong pattern recognition, decrease in the need for primary care physicians, lack of 

accountability and decrease when it comes to the communication with patients and case discussion. 
Finally, L. Jamjoom stated that Saudi Arabian expenditure on AI projects accounts for 63% of global 

investments and that AI implementation will involve a total of 14 hospitals and 56 small healthcare 

centres. 
 

 
The situation in the United Arab Emirates 

 
Dr. AlBastaki, on behalf of the Radiology Society of the Emirates (RSE) explained that it is 

important to note that with the increase in the use of AI radiologists should have a more effective role 

in supervising the results procured by the AI. In that sense, radiologists should not feel threatened by 
AI but should instead consider it as a chance to evolve and focus on other issues. Dr. AlBastaki pointed 

out that radiologists should be receptive to the new developments and should offer continuous feedback 
for the developers to improve the systems. Finally, Dr. AlBastaki mentioned that currently in the United 

Arab Emirates there are more than 5,000 chest X-Rays performed daily, which leads to great pressure 

on radiologists in the country and is something where future AI developments will certainly help. 
 

 
The situation in India 

 

C. Amarnath, on behalf of the Indian Radiological and Imaging Association (IRIA), emphasized 
that radiologists have always adopted and adapted to major technological changes, digitalisation, and 

new modalities. He pointed out that one of the main roles of the radiologist is to serve as a bridge 
between clinicians and patient diagnosis. However, with clinicians’ dependence on imaging increasing 

exponentially, studies have become more complex, and, at the same time, there is a huge surge in 
volume, as witnessed during the current COVID-19 pandemic. Expectations towards radiologists have 

escalated with need of high-resolution data, 3D reconstructions, specific reporting standards, 

quantitative parameters, frequent follow-ups, quality control and research. Pointing out that imaging 
has become a commodity in medical practice, C. Amarnath stated that radiologists need to emerge as 

the conductors of multi-disciplinary teams at the forefront of clinical care and that this is something 
where AI, as an intelligent assistant to radiologists could help. C. Amarnath explained that in this role 

AI could bring efficient synergies to radiology: reduce radiologists’ visual fatigue, address the 

exponential workload burst, triage normal, delegate repetitive tasks to machines and accomplish tasks 
that do not need human intervention. Reporting on the situation in India, C. Amarnath reported that 

the AI-division of IRIA is aiming to identify the needs and demands in India, generate new ideas, and 
use clinical data to accomplish algorithms and build products. He also stressed the importance of 

introducing some sort of governance for decision-making based on autonomous AI-based algorithms. 
New policies regarding regulation of data protection, privacy of sensitive information, cybersecurity, 

accountability, and responsibility issues need to be addressed as well. C. Amarnath concluded his report 

by stating that it is high time for radiologists to reclaim lost ground, utilize AI to optimize workflow, re-
establish their role in clinical interdisciplinary teams for value added work, decision making, and 

intervention. 
 
 



The situation in Thailand 

 
W. Tanomkiat, reporting on behalf of the Royal College of Radiologists of Thailand (RCRT), stated 

that RCRT established a dedicated committee, consisting of radiologists, data scientists and data 
analysts, in order to study the impact of AI on diagnostic radiology, advise and recommend best courses 

of action to the RCRT Broad of Directors. The Committee quickly recognized that AI will inevitably affect 

radiology in Thailand and the RCRT announced the first version of the suggestions for AI users in 
diagnostic radiology and signed a Memorandum of Understanding (MOU) on exchanging the resources 

with the Thailand Centre of Excellence in Life Sciences (TCELS)7. W. Tanomkiat explained that early 
introduction of AI to members of the RCRT has been done through the “RadioVolunteer”, a non-profit 

project organized by the RCRT, TCELS, J.F. Advance Med Company, and Department of Corrections. 
The project focused on the analysis of chest radiographs of the prisoners infected with COVID-19 in 

Thailand. With more than 1,000 chest radiographs per day, radiologists in certain communities were 

feeling overwhelmed, so a digital platform was developed where radiologists from the entire country 
could log in and offer their expertise, aided by AI if requested. W. Tanomkiat further explained that a 

structured report form was specially designed to direct prioritization of the patients and was digitized to 
speed up the process of making the statement, leading to an output of more than 1,500 chest 

radiographs a day or over 30 chest radiographs per minute. W. Tanomkiat concluded his report by 

stating that the next steps of the RCRT will include adjusting the education curriculum and residency 
training. 

 
J. Chaiyakum, on behalf of the Radiological Society of Thailand (RST), reported that the RST sent 

a questionnaire to Thai radiologists, to survey their opinions regarding the effect of AI on their practice 
and income. Almost 80% of the respondents stated that AI currently has no role in their workplace, and 

out of the remaining 20% most respondents stated that AI is used mostly for screening and as a help 

with detecting lesions. It was reported that more than 2/3 of respondents believe that AI will play a 
significant role in the future, in particular when it comes to the aforementioned issues of screening and 

detecting lesions. Radiologists in Thailand are overall not fully concerned that they will be replaced by 
AI and more than 50% believe that their income will not be decreased or will be only slightly decrease 

due to AI. Finally, J. Chaiyakum reported that a majority of radiologists would encourage young doctors 

to pursue a career in radiology. 
 
 
The situation in China 

 

S. Liu, on behalf of the Chinese Society of Radiology (CSR), reported on the situation in China. He 
began his report by stating that the basic consensus that radiologists and AI are in a symbiotic rather 

than a competitive relationship has long been existing in China. Therefore, a focus was placed on how 
AI can assist doctors in China and as a result number of radiologists using AI as an assisting tool is 

increasing year by year. Quoting Dr. Curtis Langlotz, a radiologist from Stanford who stated that “AI 
won’t replace radiologists, but radiologists who use AI will replace radiologists who don’t”, S. Liu 

explained that this is becoming reality in China. Commenting on the notion of potential replacement of 

radiologists by the AI, S. Liu emphasized that radiologists are becoming more dependent on AI in some 
specific scenarios after few years of applications, but also have to dedicate more time to reassuring the 

patients and collaborating with clinicians. Thus, AI is not replacing radiologists’ “traditional work” but is 
extending their work boundaries. Finally, S. Liu concluded that AI has brought a profound change to 

the industry of medical imaging and that those who accept change, embrace change, and accommodate 

to change, are the ones who will own the future. 
 

 
The situation in Korea 
 

S. H. Park submitted a report on behalf of the Korean Society of Radiology (KSR). He explained 
that main activities of the KSR regarding AI include educational programs, not only for radiologists but 

 
7 Chaichulee S, Ingviya T, Thawillarp S, Attasara P, Tanomkiat W. The Royal College of Radiologists of 

Thailand in collaboration with Thailand Center of Excellence in Life Sciences shape the future of artificial 

intelligence in diagnostic radiology. ASEAN J Radiol [Internet]. 2021Apr.30 [cited 2021Jul.1];22(1):55-61. 

Available from: https://www.asean-journal-radiology.org/index.php/ajr/article/view/126 



also for industry and government agencies, as well as making policy suggestions by collaborating with 

government agencies regarding the regulatory approval, insurance coverage, and clinical 
implementation of AI devices. One of the central positions that KSR has in those AI-related activities is 

"human in the loop". As the strengths of humans and AI are different, it is critical both technically and 
ethically to include them both in order to ultimately improve healthcare. S. H. Park stated that Korean 

radiologists are overall no longer swayed by the initial hype regarding their replacement by AI and are 

instead examining how they can engage with and embrace AI to improve radiology practice for the good 
of the patients. Consequently, they understand that any substitution of radiologists by AI only occurs if 

radiologists cannot be found when needed which is why visibility is of utmost importance. S. H. Park 
also reported that in 2020 the KSR accomplished several AI-related projects, including an e-learning 

program on AI as well as a mini-textbook on AI in healthcare. S. H. Park concluded his report by stating 
that the KSR plans to expand its scope of AI education by designing a more in-depth, hands-on course 

that aims to train radiologists who could serve as leaders for any AI research project or any similar 

multi-disciplinary teamwork and perform as educators regarding the use of AI in medicine. 
 

 
The situation in Japan 

 

S. Aoki, on behalf of the Japan Radiological Society (JRS), reported that the JRS is engaged in 
several actions in order to cope with, co-exist and master AI. He explained that some universities in 

Japan, such as the Kyoto Prefectural University of Medicine, have started daily case conferences thus 
facilitating communications between radiologists who work in different cities. Radiologists are currently 

at the centre of these conferences with other departments and at the centre of management and 
utilization of image information. S. Aoki also reported that the JRS is creating a nation-wide diagnostic 

imaging database called the Japan Medical Imaging Database (J-MID), which collects radiation exposure 

records, DICOM images, and diagnostic imaging reports. In the J-MID project, the JRS is collaborating 
with the Japanese National Institute of Informatics to develop an artificial intelligence system for 

subarachnoid haemorrhage detection using data sets obtained from multiple institutions. S. Aoki also 
stated that the University of Tokyo is currently working on boosting the broad capabilities of radiologists 

by applying generative models such as Glow to generate images that emphasize deviations from normal 

distributions. Since this method does not depend on supervised learnings by annotating specific image 
findings by human radiologists it is expected that is will reduce the annotation cost and will be able to 

emphasize any abnormal findings. 
 
 

The situation in the Asia-Oceania region 
 

D. Varma, on behalf of the Asian Oceanian Society of Radiology (AOSR), stated that the work of 

radiologist is not only interpreting imaging findings but more importantly being integral to a clinical team 
deciding if an imaging is indicated and justified and if so, what is the most appropriate imaging that will 

progress patient care as well as timely communication of significant findings. He pointed out that 
radiologists are more and more visible and clinically orientated and that AI, unless it is moderated by a 

human being, in this context, the radiologist, will not be able to be harnessed in the manner that will 
be safe for the patient. Therefore, a radiologist that is not visible and that does not use AI will be the 

one that is replaced by AI. D. Varma also pointed out that mutual communication between clinicians 

and radiologists can never be replaced by AI and that skill-based examinations, such as ultrasound or 
interventional procedures, cannot be replaced by AI no matter how delicate the robot is. On the other 

hand, AI can enhance the safety and efficiency of a radiologist’s work, helping to pick up accidentally 
missed lesions, prioritise the exams waiting for reporting, and improve the quality of radiology reports. 

D. Varma concluded that AI would add value to radiologists in reducing errors and triage of workflow, 

however, if the “invisible” radiologists choose to be completely dependent on AI they will be the most 
at risk of being replaced by it. 
 

 
The situation in Australia and New Zealand 

 

L. Lawler, reporting on behalf of the Royal Australian and New Zealand College of Radiologists 
(RANZCR), stated that AI and machine learning technologies offer wide-ranging benefits to radiology 

and health care in general, but they will not replace radiologists in the foreseeable future as radiologists 



have a central and critical role in clinical decision-making and are becoming increasingly accessible to 

patients and referrers through multi-disciplinary care teams and advances in interventional radiology. 
L. Lawler explained that the adoption of AI presents many opportunities to support and enhance current 

workflows, allowing for a more efficient and accessible healthcare system that delivers improved 
outcomes for patients and that the RANZCR have been leaders in the adoption of AI in healthcare for 

the past 3 years. In August 2019, RANZCR became the first healthcare body in the world to develop 

and release Ethical Principles for Artificial Intelligence in Medicine8 and complemented these with the 
subsequent release of Standards of Practice for Clinical Radiology9 in September 2020. RANZCR is 

currently developing a position paper on the regulation of AI in medicine in Australia and New Zealand. 
L. Lawler pointed out that RANZCR believes that robust regulation of AI as a medical device is paramount 

in protecting patients and that adequate consideration must be given to the potential of an AI tool to 
cause harm. RANZCR’s other priorities are introducing profession-led implementation and workforce 

upskilling to support the effective implementation of AI into clinical practice. L. Lawler also stated that, 

if done well, AI could help deepen radiologists’ understanding of disease profiles and management of 
complex patients. Thinking beyond diagnosis and differential diagnoses, the potential of AI systems as 

prognostic and predictive tools is significant. L. Lawler concluded the report by stating that the key shift 
that AI presents for radiologists is the need to adapt and transform their role alongside the technology 

to ensure clinical oversight and guidance at every stage. The safe and ethical implementation of AI 

should ensure that it enables more efficient healthcare, however, it is not a suitable replacement for 
human-led clinical practice. 

 
 
The situation in Europe 
 

A. Rockall reported on behalf of the European Society of Radiology (ESR). She explained that media 

attention in 2015 brought radiology into the spotlight and opened a wide conversation concerning the 
role of the radiologist in value-based patient care10, an important topic that was also touched upon in 

the 2019 ESR paper Value-Based Radiology: A New Era Begins.11 This in turn led to a communal 

reflection by those in radiology, as well as clinicians, patients, and healthcare providers, on what 
radiologists offer in the widest sense, as explained in the ESR paper on the identity and role of the 

radiologist in 202012 that was based on a survey carried out among ESR full radiologist members. A. 
Rockall pointed out that the recent pandemic has highlighted the need for humans in adapting to the 

rapid changes required in new and emerging diseases and that radiologists have been central to the 

recognition of patterns of disease, including the multi-organ findings and thrombotic events13 14. 
Adapting imaging diagnostics and workflows is not something that could be replaced by AI.  Many AI 

tools have been swiftly developed but it is evident that none has been able to replace the complexity of 
the task faced by radiologists in adapting to the needs of the pandemic. A. Rockall emphasized that the 

expertise of radiologists is critical in shaping AI developments, initially by identifying pinch-points in 

workflow, as well as diagnostic challenges that would be suitable use cases and that radiology training 
needs to incorporate the essentials of AI development and testing, as well safe and ethical use of AI 

 
8 https://www.ranzcr.com/search/ethical-principles-for-ai-in-medicine 
9 https://www.ranzcr.com/documents/5187-standards-of-practice-for-ai/file 
10 Brady, A.P., Bello, J.A., Derchi, L.E. et al. Radiology in the era of value-based healthcare: a multi-society 

expert statement from the ACR, CAR, ESR, IS3R, RANZCR, and RSNA. Insights Imaging 11, 136 (2020). 

https://doi.org/10.1186/s13244-020-00941-z 
11 Fuchsjäger M., Derchi L., Brady A. (2019) Value-Based Radiology: A New Era Begins. In: Silva C., von 

Stackelberg O., Kauczor HU. (eds) Value-based Radiology. Medical Radiology. Springer, Cham. 

https://doi.org/10.1007/174_2019_220 
12 European Society of Radiology (ESR)., Rockall, A., Brady, A.P. et al. The identity and role of the radiologist 

in 2020: a survey among ESR full radiologist members. Insights Imaging 11, 130 (2020). 

https://doi.org/10.1186/s13244-020-00945-9 
13 Revel MP, Parkar AP, Prosch H, Silva M, Sverzellati N, Gleeson F, Brady A; European Society of Radiology 

(ESR) and the European Society of Thoracic Imaging (ESTI). COVID-19 patients and the radiology department 

- advice from the European Society of Radiology (ESR) and the European Society of Thoracic Imaging (ESTI). 

Eur Radiol. 2020 Sep;30(9):4903-4909. doi: 10.1007/s00330-020-06865-y. Epub 2020 Apr 20. PMID: 

32314058; PMCID: PMC7170031 
14 European Society of Radiology (ESR). Summary of the proceedings of the International Forum 2020: 

“Radiologists fighting COVID-19: a united response to a global crisis”. Insights Imaging 12, 22 (2021). 
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tools. When it comes to workflow AI tools, A. Rockall states that these are more than welcome and only 

enhance the efficiency of radiologists. Concerning patient-facing roles, such as ultrasound and 
interventional procedures, A. Rockall states that these are not perceived to be under threat by AI. AI 

tools that support time-consuming tasks, such length or volume measurements or diagnostic tools, such 
as for pulmonary nodule detection, may improve efficiency. However, the radiologist provides the 

essential final assessment and remains accountable to patients, ensuring safe care. Commenting on the 

potential time savings caused by the AI, A. Rockall points out that, despite potential workforce 
shortages, it is important to advocate for increased face-to-face communication with patients and clinical 

teams. Radiologists who contribute to multi-disciplinary meetings with colleagues, become central to 
team discussions of complex cases, integrating the clinical, histological and imaging information. In 

conclusion, A. Rockall stated that the advent of AI could propel radiology into a high visibility technology-
enabled speciality and that departments that embrace AI may attract the brightest and the best trainees 

that wish to work in the exciting world of technology-enhanced medical imaging and diagnostics. 

Radiologists that are involved in planning and developing AI solutions, training AI-enabled radiologists 
of the future, and implementing thoughtful and ethical AI into imaging diagnostics will ensure the very 

high visibility of radiology as a profession. 
 

 
Position of the International Society of Radiology (ISR) 

 

R. A. Mendonça, on behalf of the International Society of Radiology (ISR), reported that the ISR 

collaborated in the WHO Rapid Advice Guide on the Use of chest imaging in COVID-1915, which identified 
the study of the role of artificial intelligence in chest imaging in different settings as one of the research 

priorities. Pointing out the importance of visibility R. A. Mendonça also mentioned the joint WHO-ISR 

webinar on diagnostic imaging in sports medicine held in celebration of the International Day of 
Radiology (IDOR) 2019. The ISR is also in official relations with the IAEA and collaborates with the IAEA 

Radiation Protection of Patients Unit and the IAEA Nuclear Medicine and Diagnostic Imaging Section 
and regularly participates in IAEA Technical Meetings and related development of guidance documents 

and training material. Commenting on the role of the AI, R. A. Mendonça stated that the ISR sees AI as 
a means to support radiologists and consequently health systems in further enhancing the quality and 

affordability of imaging. The Lancet Oncology Commission on Medical Imaging and Nuclear Medicine, 

which counts the ISR among its supporting organisations, dedicates a section to the potential of 
advances in digital sciences and device engineering for improving cancer care in LMICs. In the ISR 

webinar on 'AI cannot replace a well-trained radiologist' held in March 2020, Prof. Y.-H. Chou concluded 
that well-trained radiologists are superior to mere AI, not least due to the aspect of human morality 

which they add. Finally, R. A. Mendonça concluded that the ISR attaches high importance to its 

collaboration with IAEA, WHO and other international stakeholders to increase the visibility of 
radiologists. The Covid-19 pandemic has highlighted the importance of imaging, and radiologists will 

have to continue raising awareness of their vital role in this and other communicable and non-
communicable diseases. It will be essential to clarify the role of AI as an indispensable tool which 

radiologists must embrace, which will, however, benefit patients only if used appropriately by 

radiologists thanks to their expertise and ability to consider also ethical aspects. 
 
 

Conclusion 
 

The future of radiology might be here sooner than anticipated. Despite initial apprehension many 
radiologists today believe that AI will optimize radiologists' workflows and develop new avenues for 

practicing radiology. Crucial element in that regard is going to be the increased visibility of radiologists 

which can only be achieved through the use of AI. In that sense only radiologists who embrace the 
possibilities of AI and are open to change will be able increase their visibility and establish themselves 

as an irreplaceable part of the medical teams of the future. 
 

Radiologists around the world are experiencing fundamental shifts in their profession brought with the 

advent of AI. However, AI is creating new opportunities and is not only increasing the level of care that 

 
15 World Health Organization. (2020). Use of chest imaging in COVID-19: a rapid advice guide, 11 June 2020. 

World Health Organization. https://www.who.int/publications/i/item/use-of-chest-imaging-in-covid-19 . License: 

CC BY-NC-SA 3.0 IGO 

https://www.who.int/publications/i/item/use-of-chest-imaging-in-covid-19


can be provided to the patients but is at the same allowing radiologists to redefine their role. Instead 

of making the radiologists obsolete AI will allow them to reposition themselves and increase their 
visibility by positioning them technology leaders in the inevitable change that will affect the whole of 

medical profession. 
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Aim: The present study aimed at identifying the risk factors, typical clinical symp-
toms and applied treatment in seven cases with mucocele of the paranasal si-
nuses.
Materials and methods: Seven patients suff ering from mucocele of the paranasal 
sinuses were admitted to the Clinic of Neurosurgery and the Clinic of Ear, Nose 
and Throat Diseases between 2014 and 2016. There were 4 females and 3 males 
aged between 22 and 78 (95% CI [31.44, 70.23]). Initial symptoms, their duration, 
clinical presentation upon admission, localization of the mucocele, type of surgi-
cal intervention and outcome have all been studied. 
Results: The localization of the mucocele was frontal (2 cases), fronto-ethmoidal 
(2 cases), ethmoidal (1 case) and spheno-ethmoidal (2 cases). Risk factors were 
identifi ed in 4 cases. Endoscopic marsupialization of the mucocele was performed 
in 5 cases. One patient with intracranial extension of frontal mucocele was treated 
via right frontobasal craniotomy. One of the patients refused surgery.
Conclusion: Endoscopic marsupialization should be considered as a method of 
choice in cases with mucoceles without extensive intracranial invasion. This ap-
proach off ers adequate drainage, balloon dilatation of the natural sinus openings 
that prevents future recurrence.

BACKGROUND

Mucocele of the paranasal sinuses (MPS) is a benign, 
cystic and destructive formation lined by respiratory 
epithelium that is fi lled with mucous collection.1 The 
disease was fi rst described by Langenbeck in 1820 
and named ‘hydatid’. Rollet was the fi rst who used 
the term mucocele in 1909.2 It causes accumulation 
of mucous discharge and desquamated epithelium 
in the sinus cavity that erodes its bony walls. The 
close anatomical relations between the paranasal 
sinuses, the orbit and the brain predisposes to mu-
cocele invasion to the orbit and intracranial space. 
This can result in severe neurological damage and 
even death if treatment is delayed.3

The mucocele most commonly affects the frontal 
sinuses and the ethmoidal air cells (55%-65%), 

maxillary sinus (16-24%), ethmoidal cells alone 
(11-14%) and the sphenoid sinus (1-7%).1,4,5

The etiology of MPS is not entirely understood 
but some factors such as infl ammation, allergy, 
trauma, previous surgery, anatomical anomalies, 
fi brous dysplasia, osteomas and fi bromas can pre-
dispose to mucocele development.2 These conditions 
may result in obstruction of the sinus openings, 
thus, impeding the normal drainage of the mucous 
discharge. 

AIM

The present study aimed at identifying the risk fac-
tors, typical clinical symptoms and applied treatment 
in seven cases with mucocele of the paranasal sinuses.
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MATERIALS AND METHODS

Seven patients with MPS were admitted to the 
Clinic of Neurosurgery and the Clinic of Ear, Nose 
and Throat Diseases between 2014 and 2016. There 
were 4 females and 3 males aged between 22 and 
78 years (mean 49.2819.52; 95% CI [31.22, 67.34]; 
median – 53; P > 0.10). Medical fi les, clinical pre-
sentation, imaging studies and operative protocols 
have all been studied. Data was collected regarding 
the initial symptoms, their duration, clinical presenta-
tion upon admission, localization of the mucocele, 
type of surgical intervention and outcome. 

RESULTS

St George University Hospital in Plovdiv, Bulgaria 
is accredited with third level of competence and 
harbors 1500 beds. The total number of hospital 
admissions for the period between 2014 and 2016 
was 228 864 while the number of patients identi-
fi ed with MPS were only seven which constitutes 
regional morbidity of 0.3 per 10 000 hospitalizations.

 Clinical symptoms, their duration and suggested 
etiology have been summarized in Table 1. 

In all patients, headache of varying intensity 
was observed. Consequently, damage to the cranial 
nerves and orbital content developed in 3 cases 

over a period of time. The time from disease on-
set to hospital admission varied between 1 and 96 
months (mean 31.42 33.25; 95% CI [0.68, 62.14]; 
median – 24; P > 0.10).

Regular infl ammatory parameters such as white 
blood count, C-reactive protein and erythrocyte 
sedimentation rate did not indicate existent infection. 

Skull x-rays detected abnormality in only one 
patient that included osteosclerotic reaction and 
bulging of the posterior wall of the frontal sinus. 
(Fig. 1А)

All patients were examined by computed to-
mography (CT) and/or magnetic resonance imaging 
(MRI). These two modalities play additive role in 
imaging diagnostics of the mucocele. The CT is 
superior with regard to detection of bone erosions, 
osteosclerotic changes and calcifi cation (Fig. 1B, 
Fig. 1C, Fig. 2 and Fig. 3А).

MRI is used to determine the duration of the 
mucocele and to distinguish it from neoplastic 
lesions that can obstruct natural sinus openings 
and impede drainage. MRI gives greater details 
regarding the expansion of the mucocele and its 
relation to adjacent soft tissues (Fig. 1D, Fig. 3B, 
and Fig. 4А-C).

The etiology was unclear in 3 of the cases. 
The rest of cases had suspected etiology such as 

Table 1. Gender, age, clinical symptoms and duration, suggested etiology

F-female; M-male; N/A – not available

Patient 
number

Gender/
age

Localization of
mucocele

Clinical symptoms and
duration Suggested etiology

1 F/60 Frontal Mild headache for 3 years N/A

2 F/53 Ethmoidal Intermittent headache for 2 years Sustained skull base fracture 
in childhood

3 М/29 Frontal Headache for 4 years Two nasal surgeries for poli-
posis. Osteoma of the frontal 
sinus

4 М/64 Frontal and
ethmoidal

Mild headache and left eye swelling 
for 8 years. Diplopia for 2 months

Surgery for mucocele before 
10 years

5 F/78 Sphenoid and
ethmoidal

Headache for 1 year proptosis, 
palpebral ptosis and diplopia for 7 
days

N/A

6 М/31 Frontal and
ethmoidal

Exophtalmus and diplopia for 30 days Surgery for nasal poliposis. 

7 F/30 Sphenoidal and
ethmoidal

Intensive, drug-resistant headache for 
3 months

N/A
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Figure 1. (А) and (B): Frontal mucocele in a patient suffering from headache for 3 years - deformation and bulg-
ing of the posterior wall of the frontal sinus detected on plain x-ray and CT scan (white arrows); frontal mucocele 
in a patient suffering from headache for 4 years - (C) presence of osteoma obstructing the opening of the frontal 
sinus; (D) T2 FLAIR MRI: high signal intensity suggestive of long duration of the frontal mucocele.

Figure  2. Fronto-ethmoidal mucocele in a patient with proptosis and diplopia. (А) CT – heterodense lesion erod-
ing the anterior ethmoidal cells and the fl oor of the frontal sinus entering the orbit from medio-cranial direction 
(white arrows).

Figure 3. Mucocele affecting the anterior and posterior ethmoidal cells in a patient suffering from headache for 2 
years. (А) CT (bone window) – obscurity of the right ethmoidal cells (white arrow); (B) T2 FLAIR MRI indicating 
high signal intensity lesion that invades the intracranial space and compresses the right frontal lobe.
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previous skull base fracture, massive polyposis, 
osteoma, preceding surgery for polyposis.

 All patient were offered to sign an informed 
consent prior to surgery but one of them refused and 
was not operated. Endoscopic marsupialization and 
drainage was applied in 5 patients (Patients No 3 
to No 7). The extensive intracranial propagation in 
patient No 2 necessitated frontobasal craniotomy and 
navigated total resection of the mucocele followed 
by plastic closure of the ethmoidal bone defect. 

 The postoperative period was uneventful in all 
operated cases. The neurological defi cit, where pres-
ent, resolved completely in the follow-up period. 
Postop imaging was used to confi rm mucocele 
resections (Fig. 4D).

DISCUSSION

The incidence of MPS varies from 1.5 to 4 per 
year dependent on the level of competence of the 
medical institution.4,6,7 This is in contrast to the 
incidence reported in our study.

 The mucocele has similar distribution between 
sexes and occurs most often between 20 and 40 
years with peak incidence in the 4th decade that 
coincides with our observations.3,4,8 According to 
Devars du Mayne et al., there is slight preponder-
ance to the male gender (3:2) but here we report 
the opposite.7

 The disease etiology is not entirely clarifi ed. 
There are various theories that attempt on explain-
ing the origin of MPS. However, recently, there 
has been a consensus that obstruction of bone 
openings of sinuses caused by trauma, neoplasms, 
surgery, allergy, fi brous dysplasia, etc. can lead to 
the development of mucocele.2,4 We found similar 

etiology in 4 (67%) of our patients that included 
previous surgery, infl ammation, skull base fracture 
and presence of osteoma. The rest 3 cases (48.8%) 
had unclear etiology. 

 The clinical presentation of MPS is not specifi c 
and depends on its localization. Clinical symptoms 
have insidious onset and tend to exacerbate over 
time. This is the reason why the disease can be 
accidentally diagnosed after imaging for other 
conditions. The duration between the occurrence of 
the debut symptoms and the fi nal diagnosis varies 
between 3 days to 38 years, averaging 4 years.9 

Patients suffering from frontal and fronto-
ethmoidal mucocele initially complain of frontal 
headache that may be complicated by facial asym-
metry and ophthalmic symptoms such as decreased 
visual acuity, proptosis (83%), diplopia (45%).2,10

 The clinical presentation of the sphenoidal mu-
cocele depends on the direction of its propagation 
and the relations with the surrounding anatomical 
structures. The most common symptom is retrobul-
bar headache (70%-80%) which results from the 
mechanical compression on the dura mater that 
covers the region of planum sphenoidale, cavernous 
sinus and the skull base as well as some infl am-
matory factors such as cytokines (TNF alpha, IL-6, 
IL-1, PGE2) that modulate the pain threshold and 
stimulate trigeminal nerve receptors.11,12

Ophthalmic involvement constitutes the second 
most common group of symptoms. Decrease in 
visual acuity is common.13 Ophthalmic involvement 
is present in 30-50% of the cases. The third nerve 
is affected in 70% of the cases in contrast to the 
fourth and sixth cranial nerves.11 The clinical pre-
sentation in our series confi rm the literature data.

Figure 4. Female patient suffering from mucocele affecting the sphenoid sinus and posterior ethmoidal cells who 
presented with proptosis and right oculomotor nerve palsy. T1 MRI images in axial, sagittal and coronal planes 
(A-C) – isointense lesion eroding the bone of the sphenoid sinus and posterior ethmoidal cells that propagates to 
the intracranial space and compresses the right cavernous sinus; (D) Postop CT demonstrating effi cient drainage 
of the mucocele following endoscopic marsupialization.
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All cases of MPS demonstrate similar fi nd-
ings at CT examination. The fl uid collection of 
the mucocele is demonstrated as homogenous 
isodense substance that varies between 9HU and 
41HU. Long-lasting mucoceles has higher density 
over 20 HU whereas acute disease has a density 
below 20 HU.14 Contrast application can enhance 
the capsule of the lesion. CT bone window can 
show bone erosions in axial, sagittal and coronal 
planes. It is important to differentiate between 
mucocele and retentional mucous cyst which is a 
cystic formation with fl uid collection that do not 
destruct surrounding bones and is often asymp-
tomatic.15 CT is extremely important for proper 
preoperative planning.

MRI demonstrates well delineated expansible le-
sion that differs in signal on T1 and T2 sequences. 
Acute mucocele demonstrates high signal intensity 
on T2 and medium to low signal intensity on T1 
because they have high water content. Chronic 
lesions has high to medium signal intensity on 
T1 and T2 that is based on the higher protein 
content and dehydration of mucocele collection.16 

Contrast enhancement is usually observed at the 
periphery of the lesion. MRI is a valuable tool in 
presenting underlying etiology such as neoplastic 
formations. It provides superior details regarding 
the propagation of the mucocele and its relations 
with surrounding anatomical structures compared 
to the CT scanning.

The surgery for MPS aims at removal of the 
lesion and adequate sinus drainage that prevents 
from future recurrence.2 The selection of appropri-
ate surgical approach depends on the localization, 
size and direction of propagation of the mucocele. 
Cases with superimposed infection should be cov-
ered by antibiotics.

Currently, the endoscopic surgery is considered 
to be a method of choice. Conventional radical 
procedures are being replaced by minimally inva-
sive functional procedures as a result of the recent 
development of endoscopic surgery of the paranasal 
sinuses that preserves anatomy and offer superior 
cosmetic results.17

There are relative contraindications to endo-
scopic surgery such as severely altered postopera-
tive anatomy that impede suffi cient visualization 
and extreme propagation of the mucocele to the 
intracranial space.18 In such cases, various surgical 
approaches can be used. We performed craniotomy 
and total microsurgical removal of the mucocele with 
plastic restoration of the destructed bone in patient 

№2. Even in such cases, some authors advocate 
wide endoscopic marsupialization of the cyst.17

The endonasal endoscopic approach to the 
mucocele provides effi cient drainage and marsupi-
alization. It is a safe procedure that offers favor-
able clinical outcome with low rate of recurrence 
(0.9–9.7%).6,8,11,19,20 According to Dhepnorrarat et 
al., the period of postoperative follow-up in patients 
who had endoscopic surgery should be long - at 
least 6 to 7 years.6

CONCLUSIONS

The MPS can remain asymptomatic for a long period 
of time. Its propagation to the orbit and/or intracra-
nial space can cause neurologic defi cit. The disease 
is benign and treatable but the early diagnosis is of 
extreme importance. CT and MRI are the imaging 
methods of choice that determine the selection of 
appropriate surgical approach. Endonasal endoscopic 
surgery is a safe treatment method with excellent 
results. Continuous follow-up period is considered 
to be economic and preventive way to secure good 
quality of life to patients who suffer from MPS. 
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Цель: Целью настоящего исследования является установление факто-
ров риска, типичных клинических симптомов и назначенного лечения 
в семи случаях мукоцеле параназальных синусов.

Материалы и методы: Семеро больных, страдающих мукоцеле пара-
назальных синусов, поступило на лечение в клинику оториноларин-
гологии в период между 2014 и 2016 гг. Среди них четыре женщины и 
трое мужчин в возрасте между 22 и 78 годами. [CI95% - 31.44 – 70.23]. 
Были исследованы первоначальные симптомы, их продолжитель-
ность, клиническая картина при поступлении, расположение мукоце-
ле, вид хирургического вмешательства и исход.

Результаты: Были установлены следующие случаи локализации му-
коцеле: лобная (2 случая), центрально-этмоидальная (2 случая), этмо-
идальная (1 случай) и сфено-этмоидальная (2 случая). Были установ-
лены факторы риска в 4 случаях. Эндоскопическая марсупиализация 
мукоцеле была проведена в 5 из случаев. Больному с интракраниаль-
ным ростом лобного мукоцеле была проведена фронтальная базаль-
ная краниотомия. Один из больных не согласился на операцию.
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paranasal sinuses – retrospective 
analysis of a series of seven 
cases. Folia Med (Plovdiv) 
2018;60(1):147-53.

doi: 10.1515/folmed-2017-0077

Заключение: Эндоскопическая марсупиализация должна стать основным 
методом при случаях мукоцеле без экстенсивной интракраниальной инва-
зивной процедуры. Данный подход предлагает адекватный дренаж, баллон-
ное расширение естественный отверстий синусов, что в свою очередь пре-
дотвращает дальнейший рецидив.
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Abstract
Introduction: Blood-induced joint damage as a hallmark of haemophilia continues to occur despite the widespread prophylaxis. Pre-
cise assessment and follow-up of joint status are crucial for tailoring their treatment. 

Aim: To study the correlation between the bleeding phenotype, the functional joint status, and the magnetic resonance imaging score 
in pediatric patients with haemophilia.

Materials and methods: Eighty-six joints (ankles, knees, and elbows) in patients aged 10.7±0.5 (range 4 - 20) years with severe/
moderate haemophilia A, severe haemophilia B and haemophilia A with inhibitors were included in the study. The joints were assessed 
by Haemophilia Joint Health Score 2.1 (HJHS2.1) one month after the last hemarthrosis in a non-bleeding state. The magnetic reso-
nance imaging was performed on 40 (46.5%) of the examined hemophilic joints (16 ankles, 11 knees and 13 elbows). 

Results: Joint bleeds were present in 37 (38.9%) of the joints with ankles being the most commonly affected. Sixty joints (69.8%) had 
normal HJHS2.1 score. Only the loss of flexion score differed significantly between the joints and the ankles had highest score. The 
cumulative number of hemarthrosis in the joint correlated moderately with hemosiderin deposition and strongly with the formation of 
subchondral cysts on magnetic resonance imaging. The magnetic resonance imaging scores for soft tissue and osteochondral domains 
correlated moderately with the cumulative number of hemarthrosis in the joint and only with the presence of pain and crepitus of mo-
tion from the physical examination.

Conclusions: Magnetic resonance imaging is more sensitive than the bleeding phenotype and physical examination in detecting early 
signs of haemophilic arthropathy.

Keywords
hemarthrosis, haemophilic joints, haemophilia joint health score, magnetic resonance imaging

INTRODUCTION

Substantial progress has been made in hemophilia care in 
the last decade. Yet blood-induced joint damage continues 

to occur. Early detection of this hemophilic arthropathy is 
crucial for the choice or modification of the treatment ap-
proach with the goal to prevent or postpone deterioration 
of the joint status. A detailed physical examination of the 
joints is beneficial but not sufficient to identify the early 
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Statistical analysis

The data were analyzed using SPSS 11.0 (Chicago, Illi-
nois). The level of significance was set at p<0.05. Pearson’s 
chi-square and Fisher’s exact (or Student t test) tests were 
used to compare the qualitative variables between groups. 
Independent T-test or Mann-Whitney U test for non-para-
metric distribution were applied to  compare quantitative 
variables between two groups and One-Way ANOVA with 
Bonferroni correction or Kruskal-Wallis H for non-para-
metric distribution – for more than two groups. The Pear-
son correlation coefficient (r) was tested and values of 0.1–
0.3 were interpreted as weak correlations, between 0.4 and 
0.6 were considered moderate and > 0.6 - strong. 

RESULTS

Bleeding phenotype

A hemarthrosis was the first hemophilia symptom and 
a cause for the first dosing of a factor concentrate in 18 
(18.9%) of the examined joints. The AJBR in this cohort was 
1.83±0.37 (1.09 – 2.57) bleeds per year and did not differ 
significantly between the joints. Reported joint bleeds were 
present in 37 (38.9%) of the joints and they were traumatic 
in 23 (24.2%) of all the joints. The ankles were most com-
monly affected by reported bleeds. The cumulative number 
of joint bleeds in the group was 3.83±0.88 hemarthroses 
per joint. Target joints were 16 (16.9%) of the joints and the 
right ankle and right elbow were most commonly involved.

HJHS 2.1 score

Sixty joints (69.8%) had normal HJHS score. The total 
mean joint HJHS score is 1.8±0.37 (0 – 15) points (Fig. 1). 

soft tissue changes. That is why much research has been 
currently devoted to exploring the diagnostic sensitivity of 
imaging studies for early hemophilic arthropathy detection 
and the impact of the identified joint alterations on tailo-
ring the prophylactic treatment.1-3 The magnetic resonance 
imaging (MRI) of the six index joints (ankles, knees and 
elbows) is accepted as the gold standard for depicting the 
soft tissue and osteochondral changes in haemophilia.4 Se-
veral studies have investigated the correlation between the 
MRI-detected structural joint alterations and the findings 
from the physical examination in patients with hemophilia, 
but the results are controversial.5-7 

AIM

We aimed here to study the correlation between the 
bleeding phenotype, the functional joint status, and the 
MRI score in pediatric patients with hemophilia.

MATERIALS AND METHODS

Eighty-six joints (ankles, knees and elbows) in patients with 
severe/moderate hemophilia A, severe hemophilia B and 
hemophilia A with inhibitors were included in the study. 
The median age of patients with hemophilia was 10.7±0.5 
(range 4–20) years. All patients with severe hemophilia А 
and В received prophylaxis and the single dose of the factor 
concentrate varied between 16 and 75 UI/kg BW (medi-
an 37.8 UI/kg BW). In this cohort, the joints of patients 
on secondary prophylaxis (38, 40%) and tertiary prophy-
laxis (12, 12.6%) were prevalent. Primary prophylaxis was 
initiated for 37 (38.9%) of the joints, and 8 (8.4%) of the 
joints never received prophylaxis because of inhibitors. All 
patients received more than 100 exposure doses of factor 
concentrate until the date of enrolment.

We searched the medical files and patient diaries for 
information about the age of patients, age at diagnosis of 
haemophilia, age at first factor concentrate substitution, 
age at onset of prophylaxis and reaching full-dose prophy-
laxis, age at the first joint bleed, and cumulative number of 
bleeds per joint. The annual joint bleeding rate (AJBR) was 
calculated as a mean ± standard error for the last 3 years. 
The joints were assessed by HJHS2.1 one month after the 
last hemarthrosis in a non-bleeding state. We performed 
MRI on 40 (46.5%) of the examined hemophilic joints (16 
ankles, 11 knees and 13 elbows) in patients between 7 and 
19.5 years of age on GE Signa Hdxt-1.5 T field strength. Five 
measurements in three planes were used for each joint: T2/
MERGE-gradient echo images; T1/ FSE; PD/FS FSE; T2/ 
FSE and T2/ STIR. No contrast enhancement was applied. 
The patients did not require sedation for the MRI. The sco-
ring of the images was performed by two board-certified 
joint MRI radiologists, who were blinded to the history and 
the physical findings of the patients. The Compatible MRI 
scale for scoring the hemophilic arthropathy was applied.8,9 
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Figure 1. HJHS 2.1 score of the examined joints. 
HJHS: haemophilia joint health score; DS: duration of swelling; 
LF: loss of flexion; LЕ: loss of extension; МА: muscle atrophy; 
CM: crepitus of motion
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From the separate domains, the global gait changes were 
prevalent, followed by crepitus of motion and decreased 
strength. Only the loss of flexion score differed significantly 
between the joints (F: 2.25; p<0.05) and the ankles had the 
highest score. There was a moderate correlation between 
the cumulative number of joint bleeds and the total HJHS 
score (r: 0.56; p<0.001), joint pain (r: 0.57; p< 0.001), mus-
cle atrophy (r: 0.62; p< 0.001) and crepitus of motion (r: 
0.51; p< 0.001). No association was found between the total 
HJHS score and the AJBR. The total HJHS score was nor-
mal in 15 (44.1%) of the joints with reported hemarthroses. 
On the other hand, we detected abnormal HJHS score in 7 
(13.5%) of the joints without history of bleeding. The total 
HJHS score and the score of the separate HJHS domains 
was significantly higher in patients older than 10 years, 
compared to the younger patients (r: 0.47; p< 0.001) and 
in the group with prophylaxis  started after 2 years of age 
(F: 9.5; p=0.003). The latter association was specifically va-
lid for the domains “pain” (F: 30; p< 0.001), “gait” (F: 45.4; 
p< 0.001) and “crepitus of motion” (F: 31.4; p<0.001) and 
weaker for “loss of flexion” (F: 5.2; p< 0.05) and “strength” 
(F: 6.8; p<0.05). 

MRI score

Total MRI score of 0 points (= pristine joints) was found in 
only 5 (12.2%) of the examined joints. The distribution of 
the affected joints by site is shown in Table 1. Nine (22.5%) 
of the MRI examined joints were target joints: 5 ankles, 3 
elbows and 1 knee.

Table 1. Cross tabulation of the joint damage by the scanned joint and the total MRI score 

MRI score
Joint

Pristine Damaged Total

Knees 
% of the joints 1 (9.1%) 10 (90.9%) 11 (100%)
% of the total MRI score 20% 28.6% 27.5%

Ankles 
% of the joints 0 16 (100% 16 (100%)
% of the total MRI score 45.7% 40%

Elbows
% of the joints 4 (30.8%) 9 (69.2%) 13 (100%)
% of the total MRI score 80% 25.7% 32.5%
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Figure 2. Boxplots of the total MRI score of knees, ankles and 
elbows.

The ankle joints in this cohort were most severely affec-
ted and their median total MRI score was 19.5±2.8 (13.5 – 
25.5) points. The median total MRI score of the knees was 
11.9±4.3 (2.1 – 21.6) points. We found the lowest median 
total MRI score for the elbows: 7.1±2.6 (1.4 – 12.9) points 
(Fig. 2).

The assessment of the soft tissue and osteochondral MRI 
domains demonstrated predominantly mild joint changes. 
In 25 (61%) of the joints mild effusion was detected. No sy-
novial hypertrophy or hemosiderin deposition were found 
in 22 (53.7%) of the joints. Cartilage changes were present 
in 20 (48.8%) of the scanned joints, but only in 2 of them 
there was total cartilage loss. The MRI detected bone chan-

ges in 21 (51.3%) of the joints, but erosions involving more 
than 50% of the articular surface were revealed in only 4 
(9.8%) of them. Additionally formed subchondral cysts 
were proven in 7 (17.1%) of the joints.

The total MRI score did not differ significantly between 
the target joints and the non-target joints. MRI-proven da-
mage was present in 25 (69.4%) of the joints without histo-
ry of a target joint based on the assessment of the patients/
parents. The differences in the scores of the separate MRI 
domains reached statistical significance only for the hemo-

siderin detection in the target joints (р=0.018) as an indica-
tor of recent bleeds and the formation of subchondral cysts 
(р=0.025).

The total MRI score correlated moderately with the 
cumulative number of joint bleeds (r: 0.48; p=0.001) and 
AJBR (r: 0.34; p=0.02). MRI-proven joint alterations were 
present in 12 (33.3%) of the asymptomatic joints without 
history of bleeds. Synovial hypertrophy was present in 4 
(25 %) and osteochondral damage – in 6 (37.5%) of them. 
No subchondral cysts were detected in the asymptomatic 
joints. No correlations were shown with the patient’s age, 
age at diagnosis of haemophilia, age at first factor con-
centrate substitution, age at onset of prophylaxis and rea-
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ching full-dose prophylaxis and age at the first joint bleed. 
The MRI score for synovial hypertrophy differed signi-

ficantly between the joints (F: 10.9; p<0.001), being highest 
for the ankles and almost absent for the elbows (Fig. 3). The 
same difference was valid also for hemosiderin deposition 
(F: 6.7; p=0.003).

The correlation of the separate MRI domains with the 
bleeding phenotype and the HJHS2.1 score are shown in 
Table 2. 

Table 2. Correlation between the MRI score, bleeding phenotype and HJHS2.1

MRI score
Variable Effusion

r (p)

Synovial hy-
pertrophy
r (p)

Hemosiderin
r (p)

Cartilage 
damage
r (p)

Bone damage
r (p)

Subchondral 
cyst
r (p)

Age at first joint bleed 0.21 (0.40) 0.19 (0.45) 0.09 (0.71) 0.20 (0.43) 0.20 (0.43) 0.03 (0.90)
AJBR 0.17 (0.28) 0.40 (0.01) 0.41 (0.008) 0.19 (0.21) 0.25 (0.11) 0.35 (0.02)
Cumulative number of bleeds 0.02 (0.9) 0.47 (0.002) 0.49 (<0.001) 0.30 (0.05) 0.34 (0.02) 0.55 (<0.001)
HJHS – total score 0.03 (0.82) 0.41 (0.008) 0.24 (0.12) 0.17 (0.27) 0.17 (0.26) 0.01 (0.95)
HJHS - swelling 0.2 (0.21) 0.13 (0.41) 0.14 (0.37) 0.15 (0.34) 0.16 (0.32) 0.06 (0.68)
HJHS – duration of swelling - - - - - -
HJHS - pain 0.03 (0.81) 0.44 (0.004) 0.37 (0.02) 0.33 (0.03) 0.39 (0.013) 0.10 (0.51)
HJHS – muscle atrophy - - - - - -
HJHS – crepitus of motion 0.07 (0.65) 0.41 (0.008) 0.47 (0.002) 0.44 (0.004) 0.49 (0.001) 0.17 (0.29)
HJHS – loss of flexion 0.01 (0.9) 0.25 (0.10) 0.04 (0.80) 0.08 (0.61) 0.06 (0.97) 0.01 (0.90)
HJHS – loss of extension 0.2 (0.2) 0.13 (0.41) 0.14 (0.37) 0.15 (0.34) 0.16 (0.32) 0.06 (0.68)
HJHS - strength 0.1 (0.52) 0.25 (0.12) 0.05 (0.73) 0.05 (0.75) 0.02 (0.87) 0.15 (0.33)
HJHS – global gait 0.05 (0.79) 0.23 (0.24) 0.16 (0.41) 0.11 (0.55) 0.12 (0.95) 0.14 (0.48)

The cumulative number of hemarthroses in the joint 
correlated moderately with hemosiderin deposition and 
strongly with formation of subchondral cysts. The AJBR 
correlated moderately with the presence of synovial hy-
pertrophy and hemosiderin deposition. The MRI scores 
for soft tissue and osteochondral domains correlated mo-
derately only with the presence of pain and crepitus of 
motion from the physical examination.

Figure 3. Boxplots of the MRI score for knees, ankles and elbows. 
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DISCUSSION

The hemophilia-specific MRI alterations included in the 
available scores are joint effusion, synovial hypertrophy, 
synovial deposition of hemosiderin, cartilage loss and os-
teochondral changes (erosions, subchondral cysts).1,2,9 The 
characteristics of maturing bones in children should be re-
garded in order to delineate between minimal arthropathic 
changes and physiological growth models.10 

We observed only 36.6% of pristine joints on MRI in 
the study group. Our results are comparable to the results 
reported in literature for patients with hemophilia in child-
hood.11 Most probably the high proportion of MRI detec-
ted joint damage results from the prevalence of patients on 
secondary prophylaxis in which the joint damage could 
occur before starting regular substitution with factor con-
centrate. In our cohort, we detect both soft tissue and oste-
ochondral changes in joints without history of bleeds. Ge-
nerally, mild changes are more often detected by joint MRI.

The relevance of the clinical symptoms for predicting 
structural damage is debatable in literature. Manco-John-
son et al. reported lack of MRI proven joint damage in 
some patients with history of many hemarthroses.  Suspec-
ted polymorphisms in the inflammatory response could be 
probably responsible.12,13 On the other hand, some of the 
patients without reported joint bleeds have joint damage 
on MRI.7,12 The role of the subclinical hemorrhages could 
be suggested as a cause for hemophilic arthropathy in the-
se cases. On the other hand, Ng et al. performed MRI on 
60 joints of Patients with hemophilia at 7 – 28 years of age 
and revealed 100% negative predictive value of the clini-
cal symptoms for synovial hypertrophy in the knees, weak 
negative predictive value for the ankles and lack of nega-
tive predictive value for the elbows.14 They recommended 
follow-up of the dominant elbow by MRI. The bleeding 
phenotype, characterized by AJBR and occurrence of tar-
get joint could not precisely predict structural joint dama-
ge in our cohort. The AJBR correlated only with the soft 
tissue early arthropathic changes: synovial hypertrophy 
and hemosiderin deposition. The cumulative number of 
joint bleeds appears as the most helpful biomarker for MRI 
detected hemophilic arthropathy  changes from a clinical 
point of view in the present study. This is confirmed by 
other authors.15 These results point out the potential of the 
joint MRI for comprehensive assessment of the structural 
damage, resulting from lifelong bleedings and elimination 
of the artefact changes from a recent hemarthrosis. 

The ankles are the most severely affected on MRI, but 
this was not confirmed by the physical examination in our 
cohort. Kraft et al. reported soft tissue changes on MRI in 
31% of the index joints without history of bleeds and struc-
tural damage in 75% of the examined ankles.6 Oldenburg et 
al. consider the ankle as an indicator joint for MRI follow 
up and assessment of the effect of prophylaxis because of 
the drawbacks of scanning all the index joints.16 

Such weak to moderate correlations between the MRI 
findings of hemophilic arthropathy and the physical exa-

mination scores, similar to the present study are reported 
also by other authors.11-13,16,17 These data could suggest the 
impact of possible subclinical bleeds on the early structu-
ral changes in otherwise asymptomatic joints. On the other 
hand, Tasbihi et al. reported statistically significant nega-
tive correlation between the functional ability and the MRI 
scores in 25 patients between 11 and 70 years of age and 
suggested that clinical evaluation could predict structural 
joint damage.18 We find only moderate correlation between 
the total HJHS score and synovial hypertrophy detected by 
MRI and no correlation with the other MRI domains. The 
detected by MRI synovial hypertrophy, hemosiderin depo-
sition and cartilage and bone damage correlate moderately 
only with crepitus of motion and pain from the physical 
examination. The prevalent mild MRI joint changes in the 
present cohort probably explain the hurdles for the precise 
assessment by physical examination.

CONCLUSIONS

MRI is a more sensitive diagnostic tool for early hemophilic 
arthropathy detection in children on prophylaxis than the 
bleeding phenotype and physical examination. The prolon-
ged period of functional compensation in childhood could 
mask the structural damage and result in normal clinical 
scores. The therapeutic significance of the MRI proven al-
terations needs further studies. 

Author contribution

N.S. did the selection of patients, the physical examinati-
on scoring, the statistical analysis, and preparation of the 
manuscript.
D.D-P and N T-D. performed the MRI examination and 
scoring.
M.S. and M.B. contributed to the statistical analysis of the 
data and the preparation of the manuscript, being tutors of 
the first author.

Acknowledgements

The present study was conducted within the framework of 
“Start of PhD Thesis” project, No 13/2017 supported by the 
Medical University of Plovdiv.

REFERENCES
1. Brunel T, Lobet S, Deschamps K, et al. Reliability and clinical features 

associated with the IPSG MRI tibiotalar and subtalar joint scores in 
children, adolescents and young adults with haemophilia. Haemo-
philia 2018; 24(1):141–8.

2. Doria A, Babyn P, Lundin B, et al. Reliability and construct validity of 
compatible MRI scoring system for evaluation of haemophilic knees 



Magnetic Resonance Imaging of Hemophilic Joints

767Folia Medica I 2020 I Vol. 62 I No. 4

and ankles of haemophilic children. Expert MRI working group 
of the international prophylaxis study group. Haemophilia 2006; 
12(5):503–13.

3. Hemke R, van den Berg J, Nusman C, et al. Contrast-enhanced MRI 
findings of the knee in healthy children: establishing normal values. 
Eur Radiol 2018; 28:1167–74.

4. Hermann G, Gilbert M, Abdelwahab I. Haemophilia: evaluation of 
musculoskeletal involvement with CT, Sonography and MR Imaging. 
AJR 1992; 158:119–23.

5. Hassan T, Badr M, El-Gerby K. Correlation between musculoskeletal 
function and radiological joint scores in haemophilia A adolescents. 
Haemophilia 2011; 17:920–5.

6. Kraft J, Blanchette V, Babyn P, et al. Magnetic resonance imaging 
and joint outcomes in boys with severe hemophilia A treated with 
tailored primary prophylaxis in Canada. J Thromb Haemost 2012; 
10:2494–502.

7. Lundin B, Ljung R, Petterson H, et al. MRI scores of ankle joints in 
children with haemophilia – comparison with clinical data. Haemo-
philia 2005; 11:116–22.

8. Lundin B, Babyn P, Doria A, et al. Compatible scales for progressive 
and additive MRI assessments of haemophilic arthropathy. Haemo-
philia 2005; 11:109–15.

9. Nuss R, Kilcoyne R, Geraghty F, et al. MRI findings in haemophilic 
joints treated with radiosynoviorthesis with development of an MRI 
scale of joint damage. Haemophilia 2000; 6:162–9.

10. Lamer S, Sebag G. MRI and ultrasound in children with juvenile 
chronic arthritis. Eur J Radiol 2000; 33:85–93.

11. Pergantou H, Matsinos G, Papadopoulos A, et al. Comparative study 
of validity of clinical, x-ray and magnetic resonance imaging scores in 
evaluation and management of haemophilic arthropathy in children. 
Haemophilia 2006; 12(3):241–7.

12. Den Uijl I, De Schepper A, Camerlinck M, et al. Magnetic resonance 
imaging in teenagers and young adults with limited haemophilic ar-
thropathy: baseline results from a prospective study. Haemophilia 
2011; 17:926–30.

13. Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophylaxis ver-
sus episodic treatment to prevent joint disease in boys with severe 
haemophilia. N Engl J Med 2007; 9357:535–44.

14. Ng W, Chu W, Shing M, et al. Role of imaging in management of he-
mophilic patients. Am J Roentgenol 2005; 184:1619–23.

15. Funk M, Schmidt H, Becker S, et al. Modified magnetic resonance im-
aging scores compared with orthopedic and radiological scores for the 
evaluation of haemophilic arthropathy. Haemophilia 2002; 8:98–103.

16. Oldenburg J, Zimmermann R, Katsarou O, et al. Controlled, cross-sec-
tional MRI evaluation of joint status in severe haemophilia A patients 
treated with prophylaxis vs. on demand. Haemophilia 2015; 21:171–9.

17. Dobon M, Lucia J, Aguilar C, et al. Value of magnetic resonance imag-
ing for the diagnosis and follow up of haemophilic arthropathy. Hae-
mophilia 2003; 9:76–85

18. Tasbihi M, Pishdad P,  Haghpanah S, et al. A comparison between 
MRI, sonography and Functional Independence Score in Haemo-
philia methods in diagnosis, evaluation and classification of arthropa-
thy in severe haemophilia A and B. Blood Coagul Fibrinolysis 2016; 
27(2):131–5. 



768

N. Spasov et al

Folia Medica I 2020 I Vol. 62 I No. 4

Магнитно-резонансная томография гемофильных 
суставов: корреляция с фенотипом кровотечения  
и физикальным обследованием
Неофит Спасов, Диана Димитрова-Попова, Николета Трайкова-Джамбазова, Мария Спасова, 
Мирослава Бошева
УМБАЛ „Св. Георги“, Медицинский университет – Пловдив, Пловдив, Болгария 

Адрес для корреспонденции: Неофит Спасов, УМБАЛ „Св. Георги“, Медицинский университет – Пловдив, бул. „Васил Априлов“ 15А, 
4002 Пловдив, Болгария ; E-mail: neophit89@gmail.com; Тел.: +359 883 593 225

Дата получения: 28 января 2020 ♦ Дата приемки: 13 марта 2020 ♦ Дата публикации: 31 декабря 2020

Образец цитирования: Spasov N, Dimitrova-Popova D, Traikova-Djambazova N, Spasova M, Bosheva M. Magnetic resonance 
imaging of hemophilic joints: correlations with the bleeding phenotype and physical examination. Folia Med (Plovdiv) 2020;62(4):762-
8. doi: 10.3897/folmed.62.e50550.

Резюме
Введение: Гемартроз суставов как признак гемофилии продолжает возникать, несмотря на широко распространённую про-
филактику. Точная оценка и контроль состояния суставов важны для выработки индивидуального подхода к лечению.

Цель: Изучить корреляцию между геморрагическим фенотипом, функциональным статусом суставов и результатами маг-
нитно-резонансной томографии у педиатрических пациентов с гемофилией.

Материалы и методы: В исследование были включены восемьдесят восемь суставов (колени, лодыжки и локти) пациен-
тов в возрасте 10,7 ± 0,5 (диапазон 4-20) лет с тяжёлой / умеренной гемофилией А, тяжёлой гемофилией В и гемофилией А с 
ингибиторами. Суставы оценивали по шкале гемофилии в суставах 2,1 (HJHS2.1) через месяц после последнего некровоточа-
щего гемартроза. МРТ выполнена на 40 (46,5%) исследованных гемофильных суставах (16 голеностопных, 11 коленных и 13 
локтевых).

Заключение: Кровотечение из суставов было обнаружено в 37 (38.9%) суставах, наиболее часто поражались голеностопные 
суставы. Шестьдесят суставов (69.8%) имели нормальные результаты по HJHS2.1. Только результаты потери сгибания значи-
тельно различались между разными суставами, и у лодыжек был самый высокий балл. Кумулятивное количество гемартрозов 
в суставах умеренно коррелировало с отложением гемосидерина и сильно с образованием субхондральных кист на магнит-
но-резонансной томографии. Результаты МРТ мягких тканей и костно-хрящевых областей умеренно коррелировали с куму-
лятивным количеством гемартрозов в суставе и только с наличием боли и крепитации во время движения при физикальном 
обследовании. В заключение можно сказать, что магнитно-резонансная томография более чувствительна, чем геморрагиче-
ский фенотип и физикальное обследование, для выявления ранних признаков гемофильной артропатии.

Ключевые слова
гемартроз, гемофильные суставы, оценка здоровья суставов при гемофилии, магнитно-резонансная томография
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Abstract
Introduction: Blood-induced joint damage as a hallmark of haemophilia continues to occur despite the widespread prophylaxis. Pre-
cise assessment and follow-up of joint status are crucial for tailoring their treatment. 

Aim: To study the correlation between the bleeding phenotype, the functional joint status, and the magnetic resonance imaging score 
in pediatric patients with haemophilia.

Materials and methods: Eighty-six joints (ankles, knees, and elbows) in patients aged 10.7±0.5 (range 4 - 20) years with severe/
moderate haemophilia A, severe haemophilia B and haemophilia A with inhibitors were included in the study. The joints were assessed 
by Haemophilia Joint Health Score 2.1 (HJHS2.1) one month after the last hemarthrosis in a non-bleeding state. The magnetic reso-
nance imaging was performed on 40 (46.5%) of the examined hemophilic joints (16 ankles, 11 knees and 13 elbows). 

Results: Joint bleeds were present in 37 (38.9%) of the joints with ankles being the most commonly affected. Sixty joints (69.8%) had 
normal HJHS2.1 score. Only the loss of flexion score differed significantly between the joints and the ankles had highest score. The 
cumulative number of hemarthrosis in the joint correlated moderately with hemosiderin deposition and strongly with the formation of 
subchondral cysts on magnetic resonance imaging. The magnetic resonance imaging scores for soft tissue and osteochondral domains 
correlated moderately with the cumulative number of hemarthrosis in the joint and only with the presence of pain and crepitus of mo-
tion from the physical examination.

Conclusions: Magnetic resonance imaging is more sensitive than the bleeding phenotype and physical examination in detecting early 
signs of haemophilic arthropathy.

Keywords
hemarthrosis, haemophilic joints, haemophilia joint health score, magnetic resonance imaging

INTRODUCTION

Substantial progress has been made in hemophilia care in 
the last decade. Yet blood-induced joint damage continues 

to occur. Early detection of this hemophilic arthropathy is 
crucial for the choice or modification of the treatment ap-
proach with the goal to prevent or postpone deterioration 
of the joint status. A detailed physical examination of the 
joints is beneficial but not sufficient to identify the early 
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Statistical analysis

The data were analyzed using SPSS 11.0 (Chicago, Illi-
nois). The level of significance was set at p<0.05. Pearson’s 
chi-square and Fisher’s exact (or Student t test) tests were 
used to compare the qualitative variables between groups. 
Independent T-test or Mann-Whitney U test for non-para-
metric distribution were applied to  compare quantitative 
variables between two groups and One-Way ANOVA with 
Bonferroni correction or Kruskal-Wallis H for non-para-
metric distribution – for more than two groups. The Pear-
son correlation coefficient (r) was tested and values of 0.1–
0.3 were interpreted as weak correlations, between 0.4 and 
0.6 were considered moderate and > 0.6 - strong. 

RESULTS

Bleeding phenotype

A hemarthrosis was the first hemophilia symptom and 
a cause for the first dosing of a factor concentrate in 18 
(18.9%) of the examined joints. The AJBR in this cohort was 
1.83±0.37 (1.09 – 2.57) bleeds per year and did not differ 
significantly between the joints. Reported joint bleeds were 
present in 37 (38.9%) of the joints and they were traumatic 
in 23 (24.2%) of all the joints. The ankles were most com-
monly affected by reported bleeds. The cumulative number 
of joint bleeds in the group was 3.83±0.88 hemarthroses 
per joint. Target joints were 16 (16.9%) of the joints and the 
right ankle and right elbow were most commonly involved.

HJHS 2.1 score

Sixty joints (69.8%) had normal HJHS score. The total 
mean joint HJHS score is 1.8±0.37 (0 – 15) points (Fig. 1). 

soft tissue changes. That is why much research has been 
currently devoted to exploring the diagnostic sensitivity of 
imaging studies for early hemophilic arthropathy detection 
and the impact of the identified joint alterations on tailo-
ring the prophylactic treatment.1-3 The magnetic resonance 
imaging (MRI) of the six index joints (ankles, knees and 
elbows) is accepted as the gold standard for depicting the 
soft tissue and osteochondral changes in haemophilia.4 Se-
veral studies have investigated the correlation between the 
MRI-detected structural joint alterations and the findings 
from the physical examination in patients with hemophilia, 
but the results are controversial.5-7 

AIM

We aimed here to study the correlation between the 
bleeding phenotype, the functional joint status, and the 
MRI score in pediatric patients with hemophilia.

MATERIALS AND METHODS

Eighty-six joints (ankles, knees and elbows) in patients with 
severe/moderate hemophilia A, severe hemophilia B and 
hemophilia A with inhibitors were included in the study. 
The median age of patients with hemophilia was 10.7±0.5 
(range 4–20) years. All patients with severe hemophilia А 
and В received prophylaxis and the single dose of the factor 
concentrate varied between 16 and 75 UI/kg BW (medi-
an 37.8 UI/kg BW). In this cohort, the joints of patients 
on secondary prophylaxis (38, 40%) and tertiary prophy-
laxis (12, 12.6%) were prevalent. Primary prophylaxis was 
initiated for 37 (38.9%) of the joints, and 8 (8.4%) of the 
joints never received prophylaxis because of inhibitors. All 
patients received more than 100 exposure doses of factor 
concentrate until the date of enrolment.

We searched the medical files and patient diaries for 
information about the age of patients, age at diagnosis of 
haemophilia, age at first factor concentrate substitution, 
age at onset of prophylaxis and reaching full-dose prophy-
laxis, age at the first joint bleed, and cumulative number of 
bleeds per joint. The annual joint bleeding rate (AJBR) was 
calculated as a mean ± standard error for the last 3 years. 
The joints were assessed by HJHS2.1 one month after the 
last hemarthrosis in a non-bleeding state. We performed 
MRI on 40 (46.5%) of the examined hemophilic joints (16 
ankles, 11 knees and 13 elbows) in patients between 7 and 
19.5 years of age on GE Signa Hdxt-1.5 T field strength. Five 
measurements in three planes were used for each joint: T2/
MERGE-gradient echo images; T1/ FSE; PD/FS FSE; T2/ 
FSE and T2/ STIR. No contrast enhancement was applied. 
The patients did not require sedation for the MRI. The sco-
ring of the images was performed by two board-certified 
joint MRI radiologists, who were blinded to the history and 
the physical findings of the patients. The Compatible MRI 
scale for scoring the hemophilic arthropathy was applied.8,9 
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Figure 1. HJHS 2.1 score of the examined joints. 
HJHS: haemophilia joint health score; DS: duration of swelling; 
LF: loss of flexion; LЕ: loss of extension; МА: muscle atrophy; 
CM: crepitus of motion
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From the separate domains, the global gait changes were 
prevalent, followed by crepitus of motion and decreased 
strength. Only the loss of flexion score differed significantly 
between the joints (F: 2.25; p<0.05) and the ankles had the 
highest score. There was a moderate correlation between 
the cumulative number of joint bleeds and the total HJHS 
score (r: 0.56; p<0.001), joint pain (r: 0.57; p< 0.001), mus-
cle atrophy (r: 0.62; p< 0.001) and crepitus of motion (r: 
0.51; p< 0.001). No association was found between the total 
HJHS score and the AJBR. The total HJHS score was nor-
mal in 15 (44.1%) of the joints with reported hemarthroses. 
On the other hand, we detected abnormal HJHS score in 7 
(13.5%) of the joints without history of bleeding. The total 
HJHS score and the score of the separate HJHS domains 
was significantly higher in patients older than 10 years, 
compared to the younger patients (r: 0.47; p< 0.001) and 
in the group with prophylaxis  started after 2 years of age 
(F: 9.5; p=0.003). The latter association was specifically va-
lid for the domains “pain” (F: 30; p< 0.001), “gait” (F: 45.4; 
p< 0.001) and “crepitus of motion” (F: 31.4; p<0.001) and 
weaker for “loss of flexion” (F: 5.2; p< 0.05) and “strength” 
(F: 6.8; p<0.05). 

MRI score

Total MRI score of 0 points (= pristine joints) was found in 
only 5 (12.2%) of the examined joints. The distribution of 
the affected joints by site is shown in Table 1. Nine (22.5%) 
of the MRI examined joints were target joints: 5 ankles, 3 
elbows and 1 knee.

Table 1. Cross tabulation of the joint damage by the scanned joint and the total MRI score 

MRI score
Joint

Pristine Damaged Total

Knees 
% of the joints 1 (9.1%) 10 (90.9%) 11 (100%)
% of the total MRI score 20% 28.6% 27.5%

Ankles 
% of the joints 0 16 (100% 16 (100%)
% of the total MRI score 45.7% 40%

Elbows
% of the joints 4 (30.8%) 9 (69.2%) 13 (100%)
% of the total MRI score 80% 25.7% 32.5%
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Figure 2. Boxplots of the total MRI score of knees, ankles and 
elbows.

The ankle joints in this cohort were most severely affec-
ted and their median total MRI score was 19.5±2.8 (13.5 – 
25.5) points. The median total MRI score of the knees was 
11.9±4.3 (2.1 – 21.6) points. We found the lowest median 
total MRI score for the elbows: 7.1±2.6 (1.4 – 12.9) points 
(Fig. 2).

The assessment of the soft tissue and osteochondral MRI 
domains demonstrated predominantly mild joint changes. 
In 25 (61%) of the joints mild effusion was detected. No sy-
novial hypertrophy or hemosiderin deposition were found 
in 22 (53.7%) of the joints. Cartilage changes were present 
in 20 (48.8%) of the scanned joints, but only in 2 of them 
there was total cartilage loss. The MRI detected bone chan-

ges in 21 (51.3%) of the joints, but erosions involving more 
than 50% of the articular surface were revealed in only 4 
(9.8%) of them. Additionally formed subchondral cysts 
were proven in 7 (17.1%) of the joints.

The total MRI score did not differ significantly between 
the target joints and the non-target joints. MRI-proven da-
mage was present in 25 (69.4%) of the joints without histo-
ry of a target joint based on the assessment of the patients/
parents. The differences in the scores of the separate MRI 
domains reached statistical significance only for the hemo-

siderin detection in the target joints (р=0.018) as an indica-
tor of recent bleeds and the formation of subchondral cysts 
(р=0.025).

The total MRI score correlated moderately with the 
cumulative number of joint bleeds (r: 0.48; p=0.001) and 
AJBR (r: 0.34; p=0.02). MRI-proven joint alterations were 
present in 12 (33.3%) of the asymptomatic joints without 
history of bleeds. Synovial hypertrophy was present in 4 
(25 %) and osteochondral damage – in 6 (37.5%) of them. 
No subchondral cysts were detected in the asymptomatic 
joints. No correlations were shown with the patient’s age, 
age at diagnosis of haemophilia, age at first factor con-
centrate substitution, age at onset of prophylaxis and rea-
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ching full-dose prophylaxis and age at the first joint bleed. 
The MRI score for synovial hypertrophy differed signi-

ficantly between the joints (F: 10.9; p<0.001), being highest 
for the ankles and almost absent for the elbows (Fig. 3). The 
same difference was valid also for hemosiderin deposition 
(F: 6.7; p=0.003).

The correlation of the separate MRI domains with the 
bleeding phenotype and the HJHS2.1 score are shown in 
Table 2. 

Table 2. Correlation between the MRI score, bleeding phenotype and HJHS2.1

MRI score
Variable Effusion

r (p)

Synovial hy-
pertrophy
r (p)

Hemosiderin
r (p)

Cartilage 
damage
r (p)

Bone damage
r (p)

Subchondral 
cyst
r (p)

Age at first joint bleed 0.21 (0.40) 0.19 (0.45) 0.09 (0.71) 0.20 (0.43) 0.20 (0.43) 0.03 (0.90)
AJBR 0.17 (0.28) 0.40 (0.01) 0.41 (0.008) 0.19 (0.21) 0.25 (0.11) 0.35 (0.02)
Cumulative number of bleeds 0.02 (0.9) 0.47 (0.002) 0.49 (<0.001) 0.30 (0.05) 0.34 (0.02) 0.55 (<0.001)
HJHS – total score 0.03 (0.82) 0.41 (0.008) 0.24 (0.12) 0.17 (0.27) 0.17 (0.26) 0.01 (0.95)
HJHS - swelling 0.2 (0.21) 0.13 (0.41) 0.14 (0.37) 0.15 (0.34) 0.16 (0.32) 0.06 (0.68)
HJHS – duration of swelling - - - - - -
HJHS - pain 0.03 (0.81) 0.44 (0.004) 0.37 (0.02) 0.33 (0.03) 0.39 (0.013) 0.10 (0.51)
HJHS – muscle atrophy - - - - - -
HJHS – crepitus of motion 0.07 (0.65) 0.41 (0.008) 0.47 (0.002) 0.44 (0.004) 0.49 (0.001) 0.17 (0.29)
HJHS – loss of flexion 0.01 (0.9) 0.25 (0.10) 0.04 (0.80) 0.08 (0.61) 0.06 (0.97) 0.01 (0.90)
HJHS – loss of extension 0.2 (0.2) 0.13 (0.41) 0.14 (0.37) 0.15 (0.34) 0.16 (0.32) 0.06 (0.68)
HJHS - strength 0.1 (0.52) 0.25 (0.12) 0.05 (0.73) 0.05 (0.75) 0.02 (0.87) 0.15 (0.33)
HJHS – global gait 0.05 (0.79) 0.23 (0.24) 0.16 (0.41) 0.11 (0.55) 0.12 (0.95) 0.14 (0.48)

The cumulative number of hemarthroses in the joint 
correlated moderately with hemosiderin deposition and 
strongly with formation of subchondral cysts. The AJBR 
correlated moderately with the presence of synovial hy-
pertrophy and hemosiderin deposition. The MRI scores 
for soft tissue and osteochondral domains correlated mo-
derately only with the presence of pain and crepitus of 
motion from the physical examination.

Figure 3. Boxplots of the MRI score for knees, ankles and elbows. 
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DISCUSSION

The hemophilia-specific MRI alterations included in the 
available scores are joint effusion, synovial hypertrophy, 
synovial deposition of hemosiderin, cartilage loss and os-
teochondral changes (erosions, subchondral cysts).1,2,9 The 
characteristics of maturing bones in children should be re-
garded in order to delineate between minimal arthropathic 
changes and physiological growth models.10 

We observed only 36.6% of pristine joints on MRI in 
the study group. Our results are comparable to the results 
reported in literature for patients with hemophilia in child-
hood.11 Most probably the high proportion of MRI detec-
ted joint damage results from the prevalence of patients on 
secondary prophylaxis in which the joint damage could 
occur before starting regular substitution with factor con-
centrate. In our cohort, we detect both soft tissue and oste-
ochondral changes in joints without history of bleeds. Ge-
nerally, mild changes are more often detected by joint MRI.

The relevance of the clinical symptoms for predicting 
structural damage is debatable in literature. Manco-John-
son et al. reported lack of MRI proven joint damage in 
some patients with history of many hemarthroses.  Suspec-
ted polymorphisms in the inflammatory response could be 
probably responsible.12,13 On the other hand, some of the 
patients without reported joint bleeds have joint damage 
on MRI.7,12 The role of the subclinical hemorrhages could 
be suggested as a cause for hemophilic arthropathy in the-
se cases. On the other hand, Ng et al. performed MRI on 
60 joints of Patients with hemophilia at 7 – 28 years of age 
and revealed 100% negative predictive value of the clini-
cal symptoms for synovial hypertrophy in the knees, weak 
negative predictive value for the ankles and lack of nega-
tive predictive value for the elbows.14 They recommended 
follow-up of the dominant elbow by MRI. The bleeding 
phenotype, characterized by AJBR and occurrence of tar-
get joint could not precisely predict structural joint dama-
ge in our cohort. The AJBR correlated only with the soft 
tissue early arthropathic changes: synovial hypertrophy 
and hemosiderin deposition. The cumulative number of 
joint bleeds appears as the most helpful biomarker for MRI 
detected hemophilic arthropathy  changes from a clinical 
point of view in the present study. This is confirmed by 
other authors.15 These results point out the potential of the 
joint MRI for comprehensive assessment of the structural 
damage, resulting from lifelong bleedings and elimination 
of the artefact changes from a recent hemarthrosis. 

The ankles are the most severely affected on MRI, but 
this was not confirmed by the physical examination in our 
cohort. Kraft et al. reported soft tissue changes on MRI in 
31% of the index joints without history of bleeds and struc-
tural damage in 75% of the examined ankles.6 Oldenburg et 
al. consider the ankle as an indicator joint for MRI follow 
up and assessment of the effect of prophylaxis because of 
the drawbacks of scanning all the index joints.16 

Such weak to moderate correlations between the MRI 
findings of hemophilic arthropathy and the physical exa-

mination scores, similar to the present study are reported 
also by other authors.11-13,16,17 These data could suggest the 
impact of possible subclinical bleeds on the early structu-
ral changes in otherwise asymptomatic joints. On the other 
hand, Tasbihi et al. reported statistically significant nega-
tive correlation between the functional ability and the MRI 
scores in 25 patients between 11 and 70 years of age and 
suggested that clinical evaluation could predict structural 
joint damage.18 We find only moderate correlation between 
the total HJHS score and synovial hypertrophy detected by 
MRI and no correlation with the other MRI domains. The 
detected by MRI synovial hypertrophy, hemosiderin depo-
sition and cartilage and bone damage correlate moderately 
only with crepitus of motion and pain from the physical 
examination. The prevalent mild MRI joint changes in the 
present cohort probably explain the hurdles for the precise 
assessment by physical examination.

CONCLUSIONS

MRI is a more sensitive diagnostic tool for early hemophilic 
arthropathy detection in children on prophylaxis than the 
bleeding phenotype and physical examination. The prolon-
ged period of functional compensation in childhood could 
mask the structural damage and result in normal clinical 
scores. The therapeutic significance of the MRI proven al-
terations needs further studies. 
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Резюме
Введение: Гемартроз суставов как признак гемофилии продолжает возникать, несмотря на широко распространённую про-
филактику. Точная оценка и контроль состояния суставов важны для выработки индивидуального подхода к лечению.

Цель: Изучить корреляцию между геморрагическим фенотипом, функциональным статусом суставов и результатами маг-
нитно-резонансной томографии у педиатрических пациентов с гемофилией.

Материалы и методы: В исследование были включены восемьдесят восемь суставов (колени, лодыжки и локти) пациен-
тов в возрасте 10,7 ± 0,5 (диапазон 4-20) лет с тяжёлой / умеренной гемофилией А, тяжёлой гемофилией В и гемофилией А с 
ингибиторами. Суставы оценивали по шкале гемофилии в суставах 2,1 (HJHS2.1) через месяц после последнего некровоточа-
щего гемартроза. МРТ выполнена на 40 (46,5%) исследованных гемофильных суставах (16 голеностопных, 11 коленных и 13 
локтевых).

Заключение: Кровотечение из суставов было обнаружено в 37 (38.9%) суставах, наиболее часто поражались голеностопные 
суставы. Шестьдесят суставов (69.8%) имели нормальные результаты по HJHS2.1. Только результаты потери сгибания значи-
тельно различались между разными суставами, и у лодыжек был самый высокий балл. Кумулятивное количество гемартрозов 
в суставах умеренно коррелировало с отложением гемосидерина и сильно с образованием субхондральных кист на магнит-
но-резонансной томографии. Результаты МРТ мягких тканей и костно-хрящевых областей умеренно коррелировали с куму-
лятивным количеством гемартрозов в суставе и только с наличием боли и крепитации во время движения при физикальном 
обследовании. В заключение можно сказать, что магнитно-резонансная томография более чувствительна, чем геморрагиче-
ский фенотип и физикальное обследование, для выявления ранних признаков гемофильной артропатии.
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гемартроз, гемофильные суставы, оценка здоровья суставов при гемофилии, магнитно-резонансная томография






