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Sclerodermoid chronic graft-versus-host disease
(scGVHD) is a severe complication of allogeneic
haematopoietic stem cell transplantation. The aim of
this study was to investigate the usefulness of high-
frequency ultrasound of the skin in assessing the in-
flammatory patterns and prognosis of patients with
scGVHD. A prospective study was carried out with
patients who developed scGVHD in the period June
2016 to April 2018. Clinical and ultrasound examina-
tions were performed on the first visit and at 6-month
follow-up. A total of 24 patients were included in the
study. A 6-month follow-up high-frequency ultrasound
of the skin was performed on 20 of the 24 patients.
Abnormal B-mode findings in high-frequency ultra-
sound of the skin consisted of hypoechogenic dermis,
hypoechogenicity of septa and hyperechogenicity of
lobules in hypodermis. No differences were observed
in these basal parameters between treatment progres-
sive/non-responding and inactive/responding scGVHD
groups of patients. Basal Doppler showing increased
vascular flow with a systolic peak =10 cm/s and a
vascular resistance index =0.70 was observed only
in those patients who developed progressive/non-
responding scGVHD (62.5% vs 0% p=0.006). In con-
clusion, Doppler ultrasound is a useful tool to assess
the inflammatory activity and outcome of scGVHD.
These findings could enhance patient management
and help to guide treatment decisions.
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hronic graft-versus-host disease (cGVHD) remains

a significant complication in patients undergoing
allogeneic haematopoietic stem cell transplantation
(allo-HSCT) and is a leading cause of late morbidity and
mortality (1). cGVHD has a wide range of pleomorphic
manifestations, and many complications can emerge
from both the disease and its treatment (2). In 2005, the
National Institutes of Health (NIH) cGVHD Consensus
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SIGNIFICANCE

Graft-versus-host disease is one of the most serious com-
plications of haematopoietic stem cell transplantation.
However, treatment with immunosuppressants to reduce
inflammation increases the risk of recurrence of the neo-
plasm that necessitated the stem cell transplantation.
Hence, it is extremely important in these patients to deter-
mine whether graft-versus-host disease is active, in order
to make appropriate treatment decisions. High-frequency
skin ultrasound is an imaging technique that is used in-
creasingly in dermatology and can be useful in diagnosing
this disease. Skin inflammation can be quantified using the
colour Doppler mode. Clinical and ultrasound monitoring
enable objective assessment of these patients.

Conference Criteria developed guidelines for diagnosis,
grading organ involvement and overall disease severity,
as well as indications for treatment and recommenda-
tions for monitoring disease progression and response
to therapy, which were revised in 2014 (3, 4). However,
these guidelines are based solely on expert opinion, and
require validation through further research.

Skin is the most frequently affected organ in cGVHD,
and manifestations are highly variable. According to the
NIH ¢cGVHD Consensus Conference, diagnostic clini-
cal features include poikiloderma, lichen planus-like
eruption, deep sclerotic features, morphea-like superfi-
cial sclerotic features, and lichen sclerosus-like lesions.
The sclerodermoid form of cGVHD (scGVHD) often
progresses from morphea-like plaques to generalized
scleroderma and fasciitis. resulting in joint contractures
and severe functional disability (4).

One of the most challenging aspects of the diagnosis
and management of scGVHD is the differentiation be-
tween reversible symptoms related to active cGVHD and
non-reversible symptoms related to residual permanent
damage, such as fibrosis. Although several candidate bio-
markers of cGVHD inflammatory activity have been pro-
posed, to date none of them has been validated. Therefore,
there is a need for the development of more quantifiable
and reproducible measurement tools, which can be used
to guide clinical decisions for patients with scGVHD.

High-frequency ultrasound of the skin (HFUS) is a
technique that is used increasingly in dermatology for
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the diagnosis and evaluation of benign and malignant
disorders, infectious diseases, and inflammatory diseases,
including systemic sclerosis, localized morphea, and
lichen sclerosus (5-7). HFUS with colour Doppler has
shown great promise in the diagnosis of systemic scle-
rosis through the analysis of structural changes in tissue
and vascularity (8). It has also been suggested that colour
Doppler may prove useful in monitoring disease activity
and response to treatment, and may be more sensitive
than clinical assessment alone in detecting the oedema-
tous phase that occurs before the fibrotic stage (9, 10).
The usefulness of elastography to measure the rigidity of
patients with sclerosing skin diseases has been described.
Studies have also been performed with HFUS to measure
skin thickness in these patients (11-13).

To the best of our knowledge, there is no information
on the use of colour Doppler ultrasound in the evaluation
of inflammatory activity in patients with scGVHD. The
aim of this study was therefore to evaluate the usefulness
of HFUS with colour Doppler to determine the inflam-
matory activity of scGVHD.

MATERIALS AND METHODS
Patients

Allo-HSCT recipients who had developed scGVHD between
1 June 2016 and 30 April 2018 were enrolled in this study. All
patients were assessed by an expert panel of dermatologists and
haematologists, working in a multidisciplinary GVHD group. The
study was conducted according to the ethical principles of the
Declaration of Helsinki, and in accordance with the International
Conference on Harmonization Guideline for Good Clinical Prac-
tice. The protocol was approved by the ethics committee of the
Hospital Clinic of Barcelona, Spain (HCB/2017/0599). All patients
provided written informed consent before taking part in the study.

Skin, joint and fascia involvement by cGVHD were diagnosed
according to the 2014 NIH cGVHD diagnostic criteria. Limita-
tion of mobility due to inflammation of the fascia and/or rigidity
of the joints was measured by the Photographic Range of Motion
(P-ROM) scale. In each patient, the percentage of body surface area
(BSA) affected by sclerosis changes was evaluated. Data regarding
systemic immunosuppression treatment for scGVHD at the time
of study enrolment and at 6-month follow-up were also recorded.

Skin ultrasound

HFUS was performed by a dermatologist trained in the diagnosis
and management of cGVHD and in HFUS. In Department of
Dermatology, Hospital Clinic Barcelona, we have a specific con-
sultation to perform the HFUS. Patients are scheduled to allow 1 h
to perform each HFUS. The HFUS was performed in the same
week as the dermatological evaluation.

Esaote MyLab™(ClassC equipment (ESAOTE ESPANA, Bar-
celona, Spain) was used with high-frequency probes between 10,
18 and 22 MHz. The software is based on Windows® XP, and uses
Digital Imaging and Communications in Medicine (DICOM) ser-
vices to download worklists and save acquired ultrasound images
on a network storage recordable compact disc (CD-R), DVD, or
a removable device connected to a USB, and to print images on
a network copy device.

The entire body surface of each subject was examined, and
ultrasound examination was divided into 7 anatomical sites
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(face, neck, upper and lower extremities, trunk, abdomen, and
pubis). Between 5 and 10 images were taken at each anatomical
site. The anatomical sites were not divided into segments. Each
area was studied over at least 50% of the surface; the areas with
most inflammation were recorded for comparison at follow-up.
The minimum time to perform the HFUS was 30 min, and the
maximum was 60 min.

HFUS was performed using both B-mode grey-scale ultrasound
imaging and colour Doppler mode. The colour Doppler mode was
used to determine the direction of blood flow. Power Doppler mode
was used to assess skin vascularization, as it is more sensitive to
low-flow/low-speed vessels found in inflammatory skin lesions.
Spectral Doppler analysis was performed to distinguish veins from
arteries, and, in the latter, to determine the systolic peak, diastolic
peak, and resistance index. Doppler measurements were made
with an insonation angle <60°. The pulse repetition frequency
was fixed at 750. The colour gain was variable and adjusted to
the value immediately below the noise threshold.

The skin was considered to have normal ultrastructure if the
epidermis measured up to 0.1 mm (14) and was seen as a thin hy-
perechogenic line, the normal dermis is seen as a hyperechoic band,

Grey scale

Color Doppler

Fig. 1. High-frequency ultrasound of normal skin. The upper
image shows hypoechogenicity of the dermis, loss of dermo-hypodermal
differentiation, increased hypoechogenicity and thickness of the septa, with
hyperechogenicity of the lobules. The lower image shows the increased
flow in color Doppler mode.
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and the hypodermis was seen with hypoechoic areas corresponding
to the lobules, with thin hyperechoic bands corresponding to the
septa (15). Normal fascia was defined as a hyperechoic band, and
normal muscle showed a fibrillar pattern with narrow hyperechoic
grouped bands (Fig. 1a) (16).

Using current equipment as in this study, blood flow is rarely
detected in the normal dermis on colour Doppler, and isolated
vessels smaller than 1 mm in diameter are identified in the hypo-
dermis (14). Arterial vessels in healthy skin have a low velocity,
with a systolic peak of less than 10 cm/s with spectral Doppler
(Fig. 1b) (14). Therefore, in this study, the following findings
were described as negative Doppler: isolated vessels in the dermis
and hypodermis, with a systolic peak of less than 10 cm/s and a
resistance index of less than 0.7 hertz.

The variables analysed in the HFUS B-mode considered indica-
tive of active disease were those normally described in fibrous skin
diseases: hypoechogenic dermis, deletion of the dermo—epidermal
junction, hypoechogenicity of the septa and hyperechogenicity of
the lobes in the hypodermis, hypoechogenic fascia, and/or loss
of the muscular fibrillar pattern (14, 17, 18). Affected areas were
compared with perilesional or contralateral healthy skin, making
it possible to determine whether there was an increase or decrease
in echogenicity.

The variables of Doppler mode indicative of inflammatory di-
sease were vessels greater than 1 mm in diameter in the dermis or
hypodermis, and arterial vessels with a high velocity flow (systolic
peaks > 10 cm/s and vascular resistance index > 0.70 hertz). These
cut-off values were set based on those published to date (14, 17,
19, 20), and higher values than those previously described were
used to increase the specificity of the test.

Study design

Clinical and ultrasound examinations were performed when pa-
tients were first seen in dermatology and at 6-month follow-up.
Patients were classified into 3 groups according to their clinical
features: (i) patients with clinical inflammatory activity of scG-
VHD presenting signs and symptoms of morphea-like plaques
(oedema, erythema, hardening, orange peel appearance, and pain
on palpation in the previous 3 months); (if) patients with clinical
inflammatory activity of scGVHD presenting signs and symptoms
of fasciitis (pain, retraction of skin and muscles, and limited mobi-
lity); and (iii) patients with chronic changes of sclerosis (hardening
of'the skin and limitation of movement), but without clinical signs
of inflammation, that were classified as clinically inactive. Patients
not fulfilling these criteria were considered as indeterminate. The
patients were divided into 2 groups according to their clinical
evolution at 6-month follow-up. The first group (progressive/non-
responding scGVHD) consisted of patients who reported clinical
worsening of inflammatory and/or sclerodermic signs or symptoms
(oedema, erythema, pigmentation changes, hardening, orange
peel appearance, pain on palpation and or limitation of mobility),
and who required treatment with systemic corticosteroids and/or
a new immunosuppressive therapy line for cutaneous scGVHD,
or those in whom stopping/tapering of systemic corticosteroids
was not possible due to skin disease activity. The second group
(inactive/responding scGVHD) consisted of patients reporting
clinical improvement, or in whom changes were categorized as
residual (non-inflammatory hardening and limitation of mobility
unmodified within the 6 months), and those in whom systemic
immunosuppression treatment could be reduced or stopped. Pa-
tients who did not need to start immunosuppressive therapy within
the period of follow-up were also included in this second group.

Colour Doppler ultrasound was performed when patients were
first seen and on follow-up at 6 months. The study was repeated
on the same areas and with the same parameters as in B-mode
and Doppler colour.
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Statistical analysis

Fisher’s exact test was used to compare categorical variables.
Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated for each cate-
gorical variable that showed significance after Fisher’s exact test.
p-values <0.05 were considered significant. Statistical analyses
were performed using the computing environment R and RStudio.

RESULTS

Characteristics and outcome of sclerodermoid chronic
graft-versus-host disease

Characteristics of patients and GVHD are summarized
in Table I. Fourteen patients were considered to have
clinically inflammatory disease, 2 clinically inactive
disease, and 8 indeterminate disease (Fig. 2). A total of
7 patients (6 in the clinically active group and one in
the indeterminate group) were receiving prednisone, at
a dose of > 10 mg/day. Clinically inactive patients were
not receiving prednisone at that time.

At 6 months of follow-up, 8 patients were classified as
having treatment progressive/non-responding scGVHD,
and 16 patients had responding scGVHD (Fig. 2).

Ultrasound results

At first evaluation, abnormal B-mode findings in HFUS
were frequent and consisted of hypoechogenic dermis
(n=12/24, 50%), hypoechogenicity of septa and/or

Table I. Clinical characteristics of patients with sclerodermoid
chronic graft-versus-host-disease (scGVHD)

Overall (n=24)
50.5 (45.5, 57.5)

Age, years median (IQR)

Sex, n (%)
Female 9 (37.5)
Male 15 (62.5)

Haematological diagnosis, n (%)

Acute leukaemia 15 (62.5)
Lymphoma 4 (16.7)
Myelodysplastic syndrome 3(12.5)
Myeloproliferative syndrome 2 (8.3)

Time from allo-HSCT to cGVHD onset, months, median (IQR) 20 (16.8, 28.3)
scGVHD clinical activity, n (%)

Active 14 (58.33)
Inactive 2 (8.33)
Indeterminate 8 (33.33)
Percentage of body surface affected by scGVHD, n (%)
>50% (NIH score 3) 7 (29.16)
19-50% (NIH score 2) 15 (62.50)
1-18% (NIH score 1) 2(8.33)
Photographic Range of Motion scale, n (%)
Abnormal 17 (70.8)
Normal 7 (29.2)
Other organs affected by cGVHD, median (IQR) 2(2,3)
Oral mucosa, n (%) 21 (87.5)
Eyes, n (%) 15 (62.5)
Genital mucosa, n (%) 7 (29.2)
Lungs, n (%) 3 (12.5)
Liver, n (%) 6 (25.0)
Gastrointestinal tract, n (%) 2 (8.3)

IQR: interquartile range; allo-HSCT: allogeneic haematopoietic stem cell
transplantation; NIH: National Institutes of Health; cGVHD: Chronic graft-versus-
host disease.
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Fig. 2. Clinical status of patients and Doppler ultrasound (DU) findings at the beginning of the study and at 6 months of follow-up. DU+:
Doppler ultrasound positive (systolic peaks =10 cm/s and vascular resistance index =0.70 hertz). DU- : Doppler ultrasound negative (systolic peaks

<10 cm/s and vascular resistance index <0.70 hertz).

hyperechogenicity of lobules in the hypodermis (n=38,
33.3%), hypoechogenic fascia (n=28, 33.3%), and myosi-
tis (n=3, 12.5%) (Table I1, Fig. 3a). No differences were
observed in these basal parameters between treatment
progressive/non-responding and responding scGVHD
groups of patients.

Abnormal findings in Doppler mode consisted of the
presence of vessels in the dermis in 5/24 (20.8%) patients,
vessels at the dermo-epidermal junction in 12/24 (50%),
and vessels in the hypodermis in 10/24 (58.3%). Basal
Doppler mode showing increased vascular flow with a
systolic peak >10 cm/s and vascular resistance index
>0.70 hertz was observed only in those patients who de-
veloped progressive/non-responding scGVHD (62.5% vs

Table II. Baseline sonographic characteristics of patients with
sclerodermoid chronic graft-versus-host-disease (scGVHD)

Progressive/ Inactive/
non-responding responding Total
scGVHD (n=16) scGVHD (n=8) (n=24) p-

n (%) n (%) n (%) value
P-ROM status 0.647
Affected 12 (75) 5(62.5) 17 (70.8)
Normal 4 (25) 3(37.5) 7 (29.2)
Dermis 0.667
Hypoechogenic 9 (56.2) 3 (37.5) 12 (50)
Hyperechogenic 7 (43.8) 5 (62.5) 12 (50)

Hypodermis lobules 0.485

Hyperechogenic 6 (37.5) 1(12.5) 7 (29.2)
Hypoechogenic 10 (62.5) 7 (87.5) 17 (70.8)

Fascia 0.667
Abnormal 6 (37.5) 2 (25.0) 8 (33.3)
Normal 10 (62.5) 6 (75.0) 16 (66.7)

Muscle 0.526
Abnormal 3(18.8) 0 (0) 3(12.5)
Normal 13 (81.2) 8 (100) 21 (87.5)

Vessels - dermis 0.631
Absent 12 (75.0) 7 (87.5) 19 (79.2)
Present 4 (25.0) 1(12.5) 5 (20.8)

Vessels - dermoepidermal-junction 0.667
Absent 7 (43.8) 5(62.5) 12 (50)

Present 9 (56.2) 3(37.5) 12 (50)

Vessels - hypodermis 0.079
Absent 7 (43.8) 7 (87.5) 14 (58.3)
Present 9 (56.2) 1(12.5) 10 (41.7)

Basal Doppler 0.006
Abnormal 10 (62.5) 0 (0) 10 (41.7)
Normal 6 (37.5) 8 (100) 14 (58.3)

P-ROM: photographic range of motion.
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0% in the inactive/responding group, p=0.006) (Table II)
(Fig. 3b). Clinically these patients showed persistence of
cutaneous inflammatory lesions and continued to require
steroids or immunosuppressive drugs to treat scGVHD.
Moreover, 81% of inactive/responding patients had a
negative basal Doppler. Thus, basal Doppler ultrasound
findings had a PPV of 100% (95% confidence interval
(95% CI) 69-100) with 100% specificity (95% CI
69—100). Sensitivity was 62% (95% CI 35-85) and the
NPV was 57% (95% CI 29-82).

In 20 patients, an ultrasound was also performed
at 6 months of follow-up (Fig. 2). A correlation was
observed between Doppler findings and clinical status
of scGVHD. Thus, all patients with vascular signs of
inflammation by Doppler mode (n=7) had progressive/
non-responding disease. In contrast, those with normal
Doppler ultrasound (n=13), except one, had responding
scGVHD. Moreover, normalization of abnormal findings
of Doppler was observed in all patients who presented
inflammatory signs at study entry and who were clinically
categorized as responders at follow-up.

No correlation was found between P-ROM scale and
clinical inflammatory activity of scGVHD: 12 patients
from the group of progressive/non-responding scGVHD
(75%) and 5 (62.5%) from the inactive/responding group
presented abnormal P-ROM scale results (kappa correla-
tion coefficient 0.40).

DISCUSSION

To the best of our knowledge, this is the first study to
analyse the usefulness of Doppler ultrasound in the as-
sessment of patients with scGVHD. A statistically signifi-
cant correlation was found between basal Doppler mode
findings indicating inflammatory activity and clinical
outcome. The Doppler findings found to correlate with
inflammation in patients with scGVHD were a systolic
peak >10 cm/s and a resistance index >0.7 hertz.
HFUS has the following advantages: it is an inexpen-
sive, simple, and non-invasive tool, which does not use
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Fig. 3. High-frequency ultrasound of skin in a patient with sclerodermoid
chronicgraft-versus-host-disease (scGVHD). Upperimage: B-mode; lowerimage .

ionizing radiation. In addition, HFUS can be performed
serially during dermatological appointments, and there
is a low intra- and inter-observer variability (9, 18). The
main drawback of HFUS is that it requires significant
operator skills and training, and it is time-consuming.
Several studies have shown that HFUS is able to measure
skin thickness in patients with systemic sclerosis (10, 18,
21). Other studies have also shown that HFUS findings
can vary according to the phase of systemic sclerosis and
morphea (17). HFUS can thus identify the oedematous
phase, which may precede palpable skin involvement in
patients with systemic scleroderma with short disease
duration, and can reflect disease severity. Wortsman et
al. (17) reported that, in patients with morphea, skin
echogenicity characteristics during the active inflam-
matory phase of the disease were different from those
of the atrophic phase. In that study, the most accurate
sonographic signs of lesion activity were observed with
Doppler mode, which showed increased subcutaneous
tissue echogenicity and increased cutaneous blood flow
(both 100% sensitivity and specificity).

Gottlober et al. (13) were the first to describe the
usefulness of HFUS in scGVHD, but in their study
Doppler mode examination was not used. Five patients
were studied, and HFUS evidence of skin thickness
decrease was observed after treatment. In another study,
5 patients with scGVHD were evaluated using 20 MHz
HFUS before and after therapy. The authors reported only
small reductions in skin thickness after treatment (12). In
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the present study, HFUS was performed using
high-frequency probes between 3 and 22 MHz,
and abnormal B-mode findings were observed
in most patients No correlation was observed
between these findings and clinical outcome.
However, changes in Doppler mode appear to
be useful in diagnosing inflammation in these
patients, employing a non-invasive technique.

Currently the diagnosis of scGVHD and
treatment response evaluation relies on clinical
examination only. According to the 2014 NIH
Consensus Conference, response is measured
using the NIH Skin Score, NIH Joint and Fascia
score and P-ROM (4). These scores are based
on clinician assessments of BSA affected, grade
of impaired mobility, contractures, impact on
functional status, and semi-quantitative scales
for assessing clinician and patient-perceived
severity of sclerosis. Response is defined ac-
cording to changes in these scores before and
after therapy. In comparison with other scales,
such as the Vienna Skin Score or the Johns
Hopkins sclerosis and fasciitis scales, the NIH
Skin Score was reported to be the only one
that correlated with both clinician and patient
perception of improvement or worsening and
with overall survival (22). However, the hete-
rogeneity of skin manifestations included into the NIH
Skin Score and the variability in the intra- and inter-
observer are both limitations for its use in daily clinical
practice. Furthermore, sclerotic changes take many
months to resolve and NIH score may not be sensitive
enough to detect slow, but meaningful, changes resulting
from treatment, or to differentiate between reversible
and irreversible lesions. Therefore, more quantifiable
and reproducible measurements or imaging methods
are needed for the assessment of patients with scGVHD.
These results suggest that HFUS with colour Doppler
ultrasound findings correlate with the clinical outcome of
patients with scGVHD. Accordingly, 62.5% of patients
with a basal Doppler ultrasound showing skin inflam-
matory activity developed progressive/non-responding
scGVHD and, in the follow-up evaluation, all patients
with inflammatory signs had progressive/non-responding
scGVHD. In the authors’ experience, P-ROM does not
show a statistically significant correlation with patient
clinical outcomes.

The control in the current study was performed at 6
months, and the areas studied by ultrasound did not show
advanced fibrosis in B-mode. The absence of vasculariza-
tion in these areas suggests inactivity of the scGVHD.
However, more prospective studies are needed to assess
vascularization in patients with scGVHD who have ex-
tensive areas of fibrosis in B-mode. It is necessary to dif-
ferentiate the lack of vascularization observed in inactive
patients from that seen in patients with extensive fibrosis.

Acta Derm Venereol 2021
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Study limitations

The main limitation of the current study is that HFUS and
Doppler mode examinations were performed just once
in each patient and by a single dermatologist; therefore,
it was not possible to report data on intra- and inter-
observer variability of the tests. In order to minimize the
impact of this limitation, HFUS and Doppler were perfor-
med by a dermatologist experienced in these techniques,
who was specifically trained in HFUS in scGVHD and
other inflammatory diseases, such as systemic sclerosis,
morphea, and lichen sclerosus. Moreover, patients under-
went examination of their entire body surface, divided
into 7 anatomical sites, including skin areas with normal
and abnormal appearance. Although the number of pa-
tients included in the study is relatively low and there is
no control group, this is one of the largest series on this
subject. In the absence of reliable biomarkers of cGVHD
inflammatory activity, these Doppler mode results indi-
cate some degree of correlation with a measure of disease
activity, which requires further research.

Conclusion

This study is the first to describe the detailed features
of Doppler HFUS in patients with scGVHD. The re-
sults show statistically significant correlation between
echographic signs of inflammatory activity and clinical
outcome. Colour Doppler ultrasound may be a comple-
mentary tool for monitoring treatment response and for
efficient follow-up of these patients. However, more
studies are needed to evaluate intra- and inter-observer
reliability in this patient population.
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