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Abstract. Chronic vascular rejection characterized by the myointimal proliferation of
smooth muscle cells that progressively obstruct the arterial graft lumen may become
the main cause of long-term graft loss in vascularized composite allotransplantation
(VCA), as observed in solid organ transplantation. As such, new diagnostic tools are
required. The objective of this study was to evaluate the usefulness of flow magnetic
resonance imaging (MRI) in the qualitative and quantitative monitoring of VCA in
three patients transplanted between 2005 and 2012. Seven flow MRI acquisitions
were performed concurrently with standardized clinical and histological monitoring
between 2015 and 2017. A progressive reduction in the average flow rate and
intraluminal diameter of the arterial pedicle of the grafts was demonstrated. During
follow-up, two patients developed chronic vascular rejection requiring partial
resection of the graft. For these patients, flow MRI acquisitions were characterized
by a significant reduction in vascular signal, with a reduction in intravascular flow
prior to anatomical injury. The results of this study confirm the feasibility of
reproducible, non-invasive, and non-operator-dependent morphometric and
haemodynamic radiological analysis, providing clinicians with new information on
the vascular status of VCA over time and offering the prospect of an imaging
technique specific to vascular outflow.
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After more than 60 years of experience,
chronic graft rejection remains one of the
major limitations of long-term organ
transplantation. With renal transplanta-
tion, in addition to the non-immunological
aetiologies of graft loss (e.g. toxicity of
calcineurin inhibitors, arterial hyperten-
sion, dyslipidemia), the first cause of
long-term graft loss is related to humoral
rejection]. Clinically, patients develop
changes of vascular rejection, character-
ized by progressive obliteration of the
graft arteries, associated with myointimal
proliferation of smooth muscle cells pro-
gressively obstructing the arterial lumen,
resulting in long-term ischemia and partial
or complete loss of the transplant™.

Recently, these vascular lesions have
also been diagnosed in patients with vas-
cularized composite tissue allotransplan-
tations (VCA). They were probably
responsible for partial necrosis of the fa-
cial transplant in the first patient grafted in
2005, who developed chronic humoral
rejection of the face with typical lesions
of allograft vasculopathy®. These changes
have also been found in upper limb trans-
plants’, and have been associated with
graft loss in at least five patients®.

Since 1986 it has been possible, due to
the techniques of flow magnetic reso-
nance imaging (MRI) without injection
of contrast medium, to obtain images
whose signal depends on both the direc-
tion and the velocity of flow’ °. Devel-
oped initially for the study of large calibre
vessels'® and then for the study of cere-
brospinal fluid'""'?, the development
and optimization of specific sequences

dedicated to sub-centimetric vessels'>!*

now offers the prospect of a qualitative,
quantitative, standardized, and non-inva-
sive analysis of small vessels, such as the
branches of the external carotid artery
(superior thyroid, lingual, facial, internal
maxillary, and superficial temporal arter-
ies). The aim of this study was to evaluate
the potential for longitudinal follow-up of
arterial vascularization of facial allotrans-
plants by flow MRI, and to extract the first
haemodynamic and morphometric mea-
surements of vascular capital according
to a reproducible and non-invasive stan-
dardized protocol.

Materials and methods

Flow MRI acquisitions were performed
between December 2014 and December
2017 in three patients who had undergone
face allotransplantation in Amiens Uni-
versity Hospital.

3 Tesla MRI acquisition procedure

All acquisitions were performed on a 3
Tesla research MRI instrument combining
a 32-element head coil and a 47-mm di-
ameter microscopic coil. First, a phase
contrast three-dimensional angiographic
sequence (3D PCA) with an encoding
velocity of 30 cm/s (V30) was performed
with the 32-element head coil, allowing
qualitative analysis of the vascular capital.
The encoding speed was defined accord-
ing to the physiological database of flow'*.

In a second step, the 47-mm diameter
microscopic coil was placed near the right

and left vascular pedicle. The 3D PCA
acquisition with an encoding velocity of
10 cm/s (V10) and 30 cm/s (V30) allowed
the positioning of two-dimensional cine
phase-contrast MRI (2D CINE PC-MRI)
quantitative sequences perpendicular to
the arteries of the graft pedicle (Fig. 1).
All technical parameters of the sequences
used are presented in Table 1.

Data management software

Two types of software were needed for
angiographic, morphometric, and haemo-
dynamic analysis.

During the acquisition, Advantage Win-
dows software (General Electric Medical
Systems, Milwaukee, WI, USA) allowed a
reconstruction of the 3D PCA sequences
in the three planes of space (axial, coronal,
and sagittal) and in three dimensions, as
well as a fusion of the V10 and V30
sequences. This made it possible to better
identify the arterial component of the graft
vascularization and to confirm the perpen-
dicular positioning of the 2D CINE PC-
MRI sequences with respect to the vessels
of interest.

In post-processing, the software ‘Flow’
developed by Balédent et al.'' was used to
extract morphometric data of sections and
the average diameter, as well as haemo-
dynamic measurements of average flow
rates of the transplant arteries from the
2D CINE PC-MRI sequences. For accu-
rate measurement of the vascular sections
during the cardiac cycle, automated active
contour segmentation (Supplementary
material, Video S1) based on the vector

Velocity (e)
° Section (f)
’ Flow (g)

Fig. 1. (a) 3D PCA acquisition (encoding velocity 30 cm/s) of the external carotid vasculature with the 32-element head coil (insert a) used in the
qualitative analysis of the graft vascular capital and for locating the graft arterial pedicle in order to position the 47-mm microscopic coil (insert in
d) near the vessel of interest. 3D PCA acquisition of the artery pedicle with the 47-mm diameter microscopic coil with an encoding velocity of (b)
30 cm/s (V30) and (c) 10 cm/s (V10). (d) Fusion of the V10 and V30 sequences was used to position the 2D CINE PC-MRI sequence perpendicular
to the artery of interest and extract the time variation of (¢) mean velocity, (f) vessel cross-section, and (g) flow rate over the cardiac cycle.
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Table 1. 3D PCA and 2D CINE PC-MRI sequence parameters.

Sequence
3D PCA 3D PCA 2D CINE PC-MRI
32-head coil 47-mm coil 47-mm coil

TE/TR (ms) 3/5 3/5 13/8
Spatial resolution (mm?®) 0.5x05x%x1 0.6 x 0.6 x 1.2 0.15 x 0.15 x 2
FOV (mm?) 240 x 240 140 x 140 50 x 50
Encoding velocities (cm/s) 30 30 and 10 Between 25 and 45
Number of frames per cardiac cycle 1 1 16
Average duration 6 min 20 s 4 min 47 s 2min 23 s

2D CINE PC-MRI, two-dimensional cine phase-contrast magnetic resonance imaging; 3D PCA, three-dimensional phase-contrast angiography;
FOV, field of view; TE, echo time; TR, repetition time.

flow gradient algorithm'® was applied to
the 2D CINE PC-MRI sequences.

Standardized clinical monitoring

This work formed part of the standardized
monitoring of allotransplantations with
collaboration between the teams of the
Department of Maxillofacial Surgery of
the University Hospital Centre of Amiens
(France) and the Department of Trans-
plantation, Nephrology, and Clinical Im-
munology of Edouard Herriot Hospital in
Lyon (France). For each patient, the as-
sessment included photographs, physical
examination, and sequential biopsies per-
formed on the sentinel skin flap or the
facial allograft'®.

Starting in 2014, a systematic analysis
of the vascularization of the facial graft
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was performed by annual flow MRI acqui-
sitions. The main objective of the study
was to qualitatively and quantitatively
evaluate the progression of the vascular
capital of the facial transplant by flow
MRI and to correlate these findings with
the clinical and histological data.

Results
Patient 1

In 2005, at the age of 38 years, patient 1
underwent an allotransplantation of the
nose and mouth triangle. The microsurgi-
cal anastomoses were performed on the
right and left facial pedicles'®. In 2013, the
patient developed donor-specific antibo-
dies and chronic humoral rejection®. The
vascular assessment, performed by flow

MRI in December 2014 and April 2015,
showed a decreased bilateral signal recov-
ery, predominantly right-sided (Fig. 2).
This was confirmed by morphometric
and haemodynamic quantitative analyses,
showing a significant reduction in arterial
intraluminal diameter of 72.5% (2.73 mm
vs. 0.75 mm) and reduction in average
flow rate of 85.1% (26.8 ml/min vs.
4 ml/min) for the right facial artery, in
comparison with reductions of 33.7%
277mm vs. 2.6mm) and 27.8%
(52 ml/min vs. 37.5 ml/min) for the left
facial artery. At the time of the second
acquisition, erythematous macules had
appeared on the right side of the graft
(Table 2).

At the 1-month post-acquisition assess-
ment in May 2015, the patient had devel-
oped extensive right lower labial necrosis,

Fig. 2. Patient 1: comparative analysis of the vascular capital of the graft using 3D PCA sequences (encoding velocity 30 cm/s) obtained in
December 2014 and April 2015. In these acquisitions, a decrease and obliteration (white circle) of MRI signal in the left and right facial arteries
(FA) of the graft can be seen, along with the appearance of facial erythematous macules.
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Table 2. Morphometric and haemodynamic quantitative analysis of the pedicle arteries of the graft in patients 1, 2 and 3.

Patient 1

Patient 2

Patient 3

2004 2009

2012

Year of transplantation

Initial loss of substance

Nose and mouth triangle

Lip, chin, mandible

Tongue, lower and middle face
floors (mandible, maxilla)

Date of Date of Date of
acquisition Data Change  acquisition Data  Change acquisition Data  Change
Right facial artery
Average flow (ml/min) December 2014 26.8 —85.1% March 2015 66 - February 2015 25 —59.4%
April 2015 4 June 2017 Ml February 2016 18.24
December 2017  10.14
Intraluminal diameter (mm) December 2014 2.73  —72.5% March 2015 1.785 — February 2015 1.3 —7.7%
April 2015 0.75 June 2017 MI February 2016 1.2
December 2017 1.2
Left facial artery
Average flow (ml/min) December 2014 52 —27.9% March 2015 20 - February 2015 48.5 —60.8%
April 2015 37.5 June 2017 Ml February 2016 38.2
December 2017 19
Intraluminal diameter (mm) December 2014 2.77 —6.1% March 2015 134 - February 2015 1.79 —16.2%
April 2015 2.6 June 2017 MI February 2016 1.97
December 2017 1.5
Right lingual artery
Average flow (ml/min) February 2015 144 -
February 2016 13.27
December 2017 MI
Intraluminal diameter (mm) February 2015 1.33 -
February 2016 1.23
December 2017 MI

MI, measurement impossible.

which, for functional reasons, required
partial resection of the transplant with
forearm free flap reconstruction. Patholog-
ical analysis of the resected graft showed
multiple extensive thromboses with total
intraluminal obstruction and perivascular
neutrophil infiltration, characteristic of
chronic vascular rejection”.

Patient 2

In 2009, at the age of 27 years, patient 2
underwent an allotransplantation of the
lower third of the face (lip, chin, mandi-
ble). The microsurgical anastomoses were
performed on the right and left facial
pedicles. The course was complicated by
the development of a large-cell Epstein—
Barr virus-associated B-cell lymphoma
followed by a hepatic post-transplant
smooth muscle tumour, which made the
adjustment of immunosuppressive therapy
particularly difficult'’. Thus, after multi-
ple episodes of rejection controlled by
adjustment of the immunosuppressive
treatment, the graft presented chronic
scarring causing sclerosis, with no signs
of chronic vascular rejection'®.

Based on these conditions, a first flow
MRI acquisition, performed in March
2015, demonstrated a permeable vascular
capital with measured average flow rates

for the right and left arterial pedicles of
66 ml/min and 20 ml/min, respectively, as
well as intraluminal diameters corre-
sponding to the standard of 1.785 mm
(right) and 1.34 mm (left) (Fig. 3).

Since there was no regression of the
hepatic tumours and no metastasis, the
patient received a liver transplant in April
2017, after which he suffered from severe
successive sepsis episodes requiring inten-
sive care and broad-spectrum antibiotic
treatment. In June 2017 he presented with
dry peri-oral ulcerations, raising suspicion
of chronic vascular rejection. A second
flow MRI acquisition revealed a signifi-
cant reduction in the distal arterial signal,
rendering it impossible to perform a quan-
titative acquisition (Table 2). Faced with
the progression of the cutaneous lesions,
partial resection of the graft was per-
formed with an immediate forearm flap
reconstruction in July 2017.

Patient 3

In 2012, at the age of 52 years, patient 3
underwent allotransplantation of the ton-
gue and lower and middle floors of the
face after an initial resection of a volumi-
nous high-flow haemorrhagic arteriove-
nous malformation, which was life-
threatening despite numerous distal embo-

lizations. The arterial anastomoses were
performed in a termino-lateral manner
between the external carotid grafts and
the common carotids of the patient.

At 5 years post-transplantation, with no
clinical evidence of chronic rejection or
graft vasculopathy, follow-up by flow
MRI initiated in 2015 displayed the ab-
sence of recurrence of the arteriovenous
malformation, although a steady decrease
in distal arterial signal recovery on 3D
PCA angiographic sequences was ob-
served. In addition, the latest acquisitions
conducted in 2017 showed a total absence
of signal in the previously existing right
lingual artery (Fig. 4). Quantitative anal-
yses confirmed this tendency. Over 2
years, an average reduction in the facial
arteries of morphometric values and he-
modynamics values of 11.95% and 60.1%
were observed (Table 2).

Discussion

Evidence of the feasibility of flow MRI in
vascular monitoring of facial VCA offers a
new clinical and scientific perspective for
future understanding and management of
patients with VCA. In view of the increas-
ing number of patients developing chronic
vascular rejection of VCA** the devel-
opment of specific techniques for early
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Fig. 3. Patient 2: comparative analysis of the vascular capital of the graft using 3D PCA sequences (encoding velocity 30 cm/s) obtained in March
2015 and June 2017. In the images from June 2017, complete obliteration of the MRI signal of both facial arteries (FA) can be observed (white
circle), along with the appearance of dry lesions indicating chronic vascular rejection.

diagnosis prior to the development of
clinical symptoms seems timely.

Currently, while computed tomography
angiography allows only an anatomical
exploration, magnetic resonance angiog-
raphy temporal sequencing, or CINE MRI,
can estimate the speed of flow by display-
ing the duration of the contrast product
washout, but without the possibility of a
real quantitative analysis™. In addition,
the injection of contrast agents is limited
in transplant patients, due to the direct or
indirect risks of acute renal failure and
drug interactions.

Doppler ultrasound is a useful alterna-
tive for both anatomical and vascular hae-
modynamic exploration. Used by some
teams in the vascular monitoring of the
ulnar and radial axes of hand transplants®,
its application in the head and neck area
remains difficult because of the constraints
related to the sinuosity of the external
carotid artery, the sub-centimeter calibre
of the external carotid branch arteries'*,
and the numerous bony interpositions.
This decreases the precision of quantita-
tive measurements and their reproducibil-
ity.

Based on the principle of spin-phase
shift’?, flow MRI offers the advantage
of being an accurate and standardized
examination'®. By adapting the acquisi-
tion protocol to the problem of vascular
monitoring of facial VCA, focusing main-

ly on the vascular pedicles, the examina-
tion time could be reduced to an average
duration of 28 minutes. Moreover, it offers
a qualitative analysis by 3D PCA
sequences with the possibility of a quanti-
tative measurement of the artery of inter-
est through kinematic 2D CINE PC-MRI
sequences.

Having completed regular clinical and
pathological monitoring, a progressive re-
duction in both intravascular diameter and
average flow rate could be observed in
patients 1 and 3, before any definitive
sequelae attributable to vascular rejection,
through the examination of the flow MRI
acquisitions (these patients underwent at
least two acquisitions by flow MRI). Al-
though the progressive and consistent
characteristics of chronic vascular rejec-
tion associated with intimal proliferation
of smooth muscle cells is known?!, the
present study results are novel in demon-
strating a reduction in graft perfusion flow
prior to acute vascular stenosis.

A decrease in the right and left facial
artery flow rates of 85.1% and 27.9% were
observed in patient 1, and of 59.4% and
60.8% in patient 3, versus an intraluminal
diameter reduction of 72.5% (right) and
6.1% (left) in patient 1 and of 7.7% (right)
and 16.2% (left) in patient 3 (P < 0.05, by
Fisher’s test). These results were com-
pared to the qualitative analysis using
3D PCA sequences of the graft vascular

capital, which in all three patients revealed
a complete absence of vascular graft au-
tonomy. Thus, several years after trans-
plantation, no peripheral
neovascularization was detectable. The
graft appeared haemodynamically isolated
from the recipient site, making the trans-
plant solely dependent on its primary ar-
terial pedicle and therefore vulnerable to
any episode of thrombosis or hypovole-
mia. During the episodes of severe sepsis
in patient 2, reactive cyanosis of the trans-
plant that improved spontaneously during
the recovery of haemodynamic findings
was observed. Therefore, there appears
to be a fragility of the graft towards me-
chanical, cytotoxic, immune, or thermal
factors, leading to intimal hyperplasia and
pathological vascular remodeling™ 2.
This suggests a complete absence of pe-
ripheral vascular compliance, the graft
behaving indefinitely as a separate and
non-integrated entity.

By reporting these preliminary haemo-
dynamic results on the progression of the
vascular capital of facial VCA, this study
highlights flow MRI as a technique of
choice in the assessment of autoimmune
vasculopathies. Nonetheless, the results
obtained in patient 3 are not in line with
this interpretation of the anatomical-hae-
modynamic dissociation (decrease in the
average flow by 60.1% over 3 years,
versus a decrease by 11.95% in the arterial
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February 2016 February 2015

December 2017

Fig. 4. Patient 3: comparative analysis of the vascular capital of the graft using 3D PCA
sequences obtained between February 2015 and December 2017. At 5 years post transplantation,
with no clinical evidence of chronic skin rejection or graft vasculopathy, qualitative analysis of
the arterial vascular capital showed a constant decrease in the MRI signal of the graft arteries
between 2016 and 2017; a qualitative and quantitative analysis of the left facial artery (leftFA)
was only possible with the 47-mm diameter microscopic coil acquisitions (insert). An oblitera-
tion of the MRI signal in the right lingual artery (rightLA) was observed between 2016 and 2017
(insert), rendering haemodynamic measurements impossible.

intraluminal diameter). Acting indepen-
dently of rejection with clinical lesions,
this dissociation was physiological and
secondary to a haemodynamic equilibra-
tion of the graft at 5 years, leading us to
suspect subclinical vascular rejection. Be-
tween 2015 and 2017, a significant change
in the signal in the right lingual artery had
already been observed, with a flow rate
that became impossible to measure in
2017, indicating an active subclinical vas-
cular process.

Apart from patient 3, no histological
evidence was found in biopsies performed
on the sentinel skin flap. In this context, it
is legitimate to assess the sensitivity of
flow MRI with respect to histological
examination concerning the characteriza-
tion and identification of vascular rejec-
tion lesions, all the more so because deep
biopsies induce significant scarring se-
quelae in the long-term follow-up. The
observation in 2017 (patient 3) made it

possible to identify a vascular compliance
of the graft arteries, despite the obliterat-
ing involvement of the right lingual artery.
These observations suggest that the facial
pedicle is the last artery affected, but its
obliteration causes the first clinical signs
of chronic rejection. The absence of pre-
ceding lesions on the sentinel flap may be
explained by its terminal vascularization,
whose calibre is close to that of the facial
artery (approximately 2 mm in diame-
2326 Therefore, an ideal model for
monitoring the graft would be to perform
successive biopsies where, by analogy, the
results obtained are transposable to those
observable if the biopsies were performed
directly on the transplant.

Our experience appears to confirm this
synchronous development between the
grafts and sentinel skin flaps. In patients
1 and 2, the appearance of signs of rejec-
tion occurred within 2 months. However,
this synchronicity does not predict the

development of humoral rejection. The
prospect of identifying a subclinical
threshold of vascular fragility of the graft
could allow the transplant team to adapt
the immunosuppressive treatment as soon
as possible while having the time to design
a replacement or re-transplantation strate-
gy, avoiding an emergency surgery related
to extensive graft necrosis.

In conclusion, while chronic vascular
rejection is one of the major complications
of long-term VCA, evidence of the feasi-
bility of accurate, objective, and non-in-
vasive vascular flow MRI monitoring for
facial VCA opens new perspectives for
future understanding and management of
allotransplant patients. The identification
of a critical vascular threshold character-
istic of each VCA could make it possible
to establish therapeutic strategies to slow
the progression of chronic rejection and
limit the risk of emergency re-transplan-
tation. Nevertheless, tracking facial VCAs
is only one of many possible indications of
flow MRI. Indeed, this technique opens
new perspectives to document and better
understand the haemodynamic phenome-
na secondary to microanastomosis tissue
transfer.

Funding

Financial support was provided by the
Regional Council of Picardy (FlowFace),
Fondation Des Gueules Cassées, and
French National Research Agency (Equi-
pex FiGuRes — ANR-10-EQPX-01-01).

Competing interests

No conflict of interest to declare.

Ethical approval

This study was approved by the local
ethics committee (No. 2013-A00319-36).
It was registered in clinicaltrials.gov
(NCT 02829190) and was performed in
accordance with the ethical standards of
the 1964 Declaration of Helsinki.

Patient consent

Written and signed consent was obtained
for each patient.

Acknowledgements. We warmly thank the
Facing Face Institute and the radiogra-
phers Sophie Potier, Danielle Lembach,
Caroline Fournez, and Céline Dagot.

Please cite this article in press as: Bettoni J, et al. Role of flow magnetic resonance imaging in the monitoring of facial
allotransplantations: preliminary results on graft vasculopathy, Int J Oral Maxillofac Surg (2019), https://doi.org/10.1016/].


https://doi.org/10.1016/j.ijom.2019.05.003

YIJOM-4193; No of Pages 7

Appendix A. Supplementary data

Supplementary material related to this

article can be found, in the online version,
at doi:https://doi.org/10.1016/j.ijjom.2019.
05.003.

References

L.

Pouliquen E, Koening A, Chen CC, Sicard
A, Rabeyrin M, Morelon E, Dubois V, Thau-
nat O. Recent advances in renal transplanta-
tion: antibody-mediated rejection takes
center stage. F1000Prime Rep 2015;7:51.
http://dx.doi.org/10.12703/P7-51.

. Diefenbeck M, Nerlich A, Schneeberger S,

Wagner F, Hofman GO. Allograft vasculo-
pathy after allogenic vascularized knee
transplantation. Transpl Int 2011;24:e1-5.
http://dx.doi.org/10.1111/].1432-
2277.2010.01178.

. Thaunat O. Humoral immunity in chronic

allograftrejection: puzzle pieces come togeth-
er. Transpl Immunol 2012;26:101-6. http://
dx.doi.org/10.1016/j.trim.2011.11.003.

. Morelon E, Petruzzo P, Kanitakis J, Dakpé S,

Thaunat O, Dubois V, et al. Face transplan-
tation: partial graft loss of the first case 10
years later. Am J Transplant 2017;17:1935—
40. http://dx.doi.org/10.1111/ajt.14218.

. Kaufman CL, Ouseph R, Blair B, Kutz JE,

Tsai TM, Scheker LR, et al. Graft vasculo-
pathy in clinical hand transplantation. Am J
Transplant 2012;12:1004—-16. http://dx.doi.
org/10.1111/].1600-6143.2011.03915.

. Petruzzo P, Dubernard JM. The International

Registry on Hand and Composite Tissue Allo-
transplantation. Clin Transpl 2011:247-53.

. Nayler GL, Firmin DN, Longmore DB. Blood

flow imaging by cine magnetic resonance. J
Comput Assist Tomogr 1986;10:715-22.

. Pelc NJ, Herfkens RJ, Shimakawa A, Enzmann

DR. Phase contrast cine magnetic resonance
imaging. Magn Reson Q 1991;7:229-54.

. Pelc NJ, Sommer FG, Li KC, Brosnan TJ,

Herfkens RJ, Enzmann DR. Quantitative
magnetic resonance flow imaging. Magn
Reson Q 1994;10:125-47.

10.

12.

13.

14.

15.

16.

18.

Role of flow MRI in chronic vasculopathy 7

Nayak KS, Nielsen JF, Bernstein MA, Markl M,
Gatehouse PD, Botnar RM, et al. Cardiovascu-
lar magnetic resonance phase contrast imaging.
J Cardiovasc Magn Reson 2015;17:71. http:/
dx.doi.org/10.1186/s12968-015-0172-7.

. Balédent O, Henry-Feugeas MC, Idy-Peretti

1. Cerebrospinal fluid dynamics and relation
with blood flow: a magnetic resonance study
with semiautomated cerebrospinal fluid seg-
mentation. /nvest Radiol 2001;36:368-77.
Saliou G, Balédent O, Lehmann P, Paradot G,
Gondry-Jouet C, Bouzerar R, et al. Acute CSF
changes in the mesencephalon acqueduct after
subarachnoid hemorrhage as measured by PC-
MRI. J Neuroradiol 2009;36:41-7. http://dx.
doi.org/10.1016/j.neurad.2008.07.004.

Pagé G, Bettoni J, Salsac AV, Balédent O.
Influence of principal component analysis ac-
celeration factor on velocity measurementin 2D
and 4D PC-MRI. MAGMA 2018;31:469-81.
http://dx.doi.org/10.1007/s10334-018-0673-0.
Bettoni J, Pagé G, Salsac AV, Constans JM,
Testelin S, Devauchelle B, et al. 3T non-
injected phase-contrast MRI sequences for
mapping of the external carotid branches: in
vivo radio-anatomical pilot study for feasi-
bility analysis. J Craniomaxillofac Surg
2018;46:98-106. http://dx.doi.org/10.1016/
j.icms.2017.09.005.

Xu C, Prince JL. Snakes, shapes, and gradi-
ent vector flow. I[EEE Trans Image Process
19987:359-69.

Devauchelle B, Badet L, Lengelé B, Mor-
elon E, Testelin S, Michallet M, et al. First
human face allograft: early report. Lancet
2006;368:203-9.

. Conrad A, Brunet AS, Hervieu V, Chauvet C,

Buron F, Collardeau-Frachon S, et al.
Epstein—Barr virus-associated smooth mus-
cle tumors in a composite tissue allograft and
a pediatric liver transplant recipient. Transpl
Infect Dis 2013;15:e182-6. http://dx.doi.org/
10.1111/tid.12126.

Petruzzo P, Kanitakis J, Testelin S, Pialat JB,
Buron F, Badet L, et al. Clinicopathological
findings of chronic rejection in a face grafted
patient. Transplantation 2015;99:2644-50.

http://dx.doi.org/10.1097/
TP.0000000000000765.

19. Kanitakis J, Petruzzo P, Badet L, Gazarian A,
Thaunat O, Testelin S, et al. Chronic rejec-
tion in human vascularized composite allo-
transplantation (hand and face recipients): an
update. Transplantation 2016;100:2053-61.
http://dx.doi.org/10.1097/
TP.0000000000001248.

20. Scheffler K, Lehnhardt S. Principles and
applications of balanced SSFP techniques.
Eur Radiol 2003;13:2409-18.

21. Weissenbacher A, Hautz T, Zelger B, Zelger
BG, Mayr V, Brandacher G, et al. Antibody-
mediated rejection in hand transplantation.
Transpl Int 2014;27:e13-7. http://dx.doi.
org/10.1111/tri.12233.

22. Mitchell RN, Libby P. Vascular remodelling
in transplant vasculopathy. Circ Res
2007;100:967-78.

23. Mitchell RN. Graft vascular disease: im-
mune response meets the vessel wall. Ann
Rev Pathol 2009;4:19-47.

24. Fingerle J, Jonhson R, Clowes AW, Majesky
MW, Reidy MA. Role of platelets in smooth
muscle cell proliferation and migration after
vascular injury in rat carotid artery. Proc
Natl Acad Sci U S A 1989;89:8412-6.

25. Shima H, Luedinghausen M, Ohno K, Michi K.
Anatomy of microvascular anastomosis in the
neck. Plast Reconstr Surg 1998;101:33-41.

26. Tan O, Kantarci M, Parmaksizoglu D, Uya-
nik Y, Durur I. Determination of the recipient
vessels in the head and neck using multislice
spiral computed tomography angiography
before free flap surgery: a preliminary study.
J Craniofac Surg 2007;18:1284-9.

Address:

Jérémie Bettoni

Department of Maxillofacial Surgery
Centre Hospitalo-Universitaire d’Amiens
Avenue Laennec

80000 Amiens

France

Tel.: +3364796 11 91; Fax: +33 32266 83
29

Please cite this article in press as: Bettoni J, et al. Role of flow magnetic resonance imaging in the monitoring of facial
allotransplantations: preliminary results on graft vasculopathy, Int J Oral Maxillofac Surg (2019), https://doi.org/10.1016/].


https://doi.org/10.1016/j.ijom.2019.05.003
https://doi.org/10.1016/j.ijom.2019.05.003
http://dx.doi.org/10.12703/P7-51
http://dx.doi.org/10.12703/P7-51
http://dx.doi.org/10.1111/j.1432-2277.2010.01178
http://dx.doi.org/10.1111/j.1432-2277.2010.01178
http://dx.doi.org/10.1111/j.1432-2277.2010.01178
http://dx.doi.org/10.1016/j.trim.2011.11.003
http://dx.doi.org/10.1016/j.trim.2011.11.003
http://dx.doi.org/10.1111/ajt.14218
http://dx.doi.org/10.1111/j.1600-6143.2011.03915
http://dx.doi.org/10.1111/j.1600-6143.2011.03915
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0030
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0035
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0040
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0045
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0045
http://dx.doi.org/10.1186/s12968-015-0172-7
http://dx.doi.org/10.1186/s12968-015-0172-7
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0055
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0055
http://dx.doi.org/10.1016/j.neurad.2008.07.004
http://dx.doi.org/10.1016/j.neurad.2008.07.004
http://dx.doi.org/10.1007/s10334-018-0673-0
http://dx.doi.org/10.1007/s10334-018-0673-0
http://dx.doi.org/10.1016/j.jcms.2017.09.005
http://dx.doi.org/10.1016/j.jcms.2017.09.005
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0075
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0080
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0080
http://dx.doi.org/10.1111/tid.12126
http://dx.doi.org/10.1111/tid.12126
http://dx.doi.org/10.1097/TP.0000000000000765
http://dx.doi.org/10.1097/TP.0000000000000765
http://dx.doi.org/10.1097/TP.0000000000000765
http://dx.doi.org/10.1097/TP.0000000000001248
http://dx.doi.org/10.1097/TP.0000000000001248
http://dx.doi.org/10.1097/TP.0000000000001248
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0100
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0100
http://dx.doi.org/10.1111/tri.12233
http://dx.doi.org/10.1111/tri.12233
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0110
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0115
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0120
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0120
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0120
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0120
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0120
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0125
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0125
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0125
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0130
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0130
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0130
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0130
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0130
http://refhub.elsevier.com/S0901-5027(19)31160-9/sbref0130
https://doi.org/10.1016/j.ijom.2019.05.003

	Role of flow magnetic resonance imaging in the monitoring of facial allotransplantations: preliminary results on graft vas...
	Materials and methods
	3 Tesla MRI acquisition procedure
	Data management software
	Standardized clinical monitoring

	Results
	Patient 1
	Patient 2
	Patient 3

	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	Acknowledgements
	Appendix A Supplementary data
	References


