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Evaluation of intima-media thickness of 
carotid artery in patients with chronic 
graft-versus-host disease using ultrasound

Allogeneic bone marrow transplantation 
(BMT) is an effective and curative treatment for 
a wide range of malignant and non-malignant 
hematological disorders [1–3]. Studies following 
patients who underwent BMT for 2–3 decades 
have demonstrated considerable long-term 
morbidities and mortalities in these patients [4]. 
Graft-versus-host disease (GVHD) is a common 
complication that can occur after bone marrow 
or stem cell transplantation. In GVHD, newly 
transplanted cells attack the transplant recipient’s 
body [5,6]. Acute GVHD usually occurs within 
the first 3 months after transplantation, whereas 
chronic GVHD usually begins more than 
3 months after transplantation, and can last a 
lifetime [5,6]. Chronic GVHD is the primary 
cause of transplant-related mortality after BMT 
and contributes to most of its non-malignant 
complications [7]. Although prophylactic 
treatments have been introduced, the incidence 
of chronic GVHD has remained constant [7,8].

Atherosclerosis and cardiovascular disorders 
are among the life-threatening complications 
affecting individuals with chronic GVHD 
after BMT [3]. Nowadays, atherosclerosis is 
defined as inflammation of the arterial wall, 
which ultimately leads to lipid storage in the 
endothelium and further damage [9]. Chronic 
GVHD is an inf lammatory state in which 
immune-mediated inf lammation causes 
endothelial damage [10–12]. It is reported that 
in BMT patients, cardiovascular events have 

a more dramatic course and can be observed 
in unexpectedly young patients [13–17]. Hence, 
detection of atherosclerosis after BMT is of 
great clinical importance. Ultrasound has 
demonstrated valuable promise in detection 
of IMT [18]; however, there is limited evidence 
in patients with chronic GVHD. The aim of 
this study was to evaluate, for the first time, the 
use of ultrasound in the detection of IMT in 
patients with and without chronic GVHD, as 
well as in healthy controls.

Methods
 � Participants

We performed a cross-sectional study of 30 
patients undergoing consecutive BMT without 
history of chronic GVHD, which included 30 
BMT patients with chronic GVHD and 30 
healthy controls. The study was conducted 
from October 2009 to January 2011 in the 
Advanced Diagnostic and Interventional 
Radiology Research Center, affiliated with 
Tehran University of Medical Sciences. Patients 
with BMT were selected from the hematology 
clinic of Shariati Hospital affiliated with Tehran 
University of Medical Sciences. Chronic GVHD 
was diagnosed according to: classic chronic 
GVHD (without features or characteristics 
of acute GVHD) and an overlap syndrome 
in which diagnostic or distinctive features of 
chronic GVHD and acute GVHD appear 
together [5]. In our patients, allogeneic BMT was 
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performed according to the protocol described 
by Slavin et al. [19]. Inclusion criteria were: 
allogeneic BMT duration of more than 365 days 
and being aged between 18 and 35 years old. 
The patients with and without GVHD were 
matched according to BMT duration. Exclusion 
criteria were: diabetes mellitus; hypertension; 
obesity (BMI ≥30 kg/m2); cigarette smoking; 
chronic renal failure; history of cerebrovascular 
accidents; dyslipidemia; and coronary heart 
disease in patients and controls. Healthy 
controls were selected from the patient’s partners 
or hospital staff. Controls were matched with 
patients according to age and sex. The study was 
approved by the local ethics review committee 
at the university. After explaining the study 
process in detail to the patients and controls, 
written informed consent was obtained from all 
participants. 

 � Ultrasound
A single radiologist, blinded to both the patients 
and control group, performed the measurements 
using a B-mode ultrasound system equipped 
with a 5–10-MHz linear array transducer 
(SONOLINE G-40, Siemens, Erlangen, 
Germany). The most appropriate frequency 
was selected in each subject according to the 
best resolution. The transducer was applied to 
the neck skin surface of the participants, in the 
supine position, using an appropriate amount 
of ultrasound gel. Focus was adjusted on the 
far vessel wall of the carotid artery. In the 
longitudinal ultrasound planes of the carotid 
artery, three echogenic lines were detected in 
the near and far walls: at the interface between 
arterial lumen and intima (lumen–intima 
interface); at the interface between media 
and adventitia (media–adventitia interface); 
and at the interface between adventitia and 
periadventitia tissues (adventitia–periadventitia 
interface). The distance between the first and 
second echogenic lines was considered as the 
IMT [20]. IMT was measured at three points: 
within 10 mm of the distal common carotid 
arteries; within 10 mm of the carotid bulbs; 
and within 10 mm of proximal internal carotid 
arteries (Figure 1) [21]. All measurements were 
made manually with an electronic caliper 
from still images taken during real-time 
ultrasonography. The highest IMT at each 
point was measured. Measurements in each 
location were repeated on three different 
still images and were averaged. According to 
Yamasaki et al., the overall mean of IMT at 
different points was also calculated [22]. Plaques 

(defined either as focal mural protrusion into 
vessel lumen or as a definite echogenicity with 
posterior shadowing) were not included in IMT 
measurements [18].

 � Statistical analysis
Statistical analysis was performed using SPSS 
software (version 17.0, SPSS Inc., IL, USA). 
Continuous variables were expressed as the 
mean ± standard error of mean. Normally 
distributed continuous variables were compared 
between patients with and without GVHD and 
with healthy controls using one-way ANOVA, 
following post hoc tests (Tukey). General linear 
models were employed to compare the IMT 
mean between patients with and without 
GVHD after multiple adjustments for age, sex 
and duration of transplantation. A p-value of 
<0.05 was considered statistically significant.

Results
Characteristics of the study participants are 
presented in Table 1. Age and sex ratios were 
similar between healthy controls and patients 
with and without GVHD. Patients with and 
without GVHD did not significantly differ 
for different causes of BMT. No significant 
differences were found in IMT at different 
points between controls and patients without 
GVHD. Patients with chronic GVHD had 
a significantly (p < 0.01) higher overall IMT 
and IMT in the right or left bulb of the carotid 
compared with patients without chronic GVHD 
and controls (Table 1). The higher IMT mean in 
patients with chronic GVHD versus patients 
without GVHD remained significant after 
multiple adjustments for age, sex and duration 
of transplantation using general linear models 
(5.3 ± 0.14 vs 4.6 ± 0.14; p < 0.01).

Discussion
Our study clearly demonstrated that BMT 
patients with chronic GVHD had higher values 
of overall IMT and IMT in the bulb of the carotid 
compared with patients without chronic GVHD, 
or healthy controls. To date, we are unaware of 
any other study showing the applicability of 
ultrasound in the evaluation of IMT in patients 
with chronic GVHD.

Chronic GVHD is a relatively common comp-
lication after allogeneic BMT with an increasing 
incidence [23], secondary to the increasing use 
of BMT in older patients, transplants from 
unrelated and mismatched related donors, 
peripheral blood stem cell transplantations, 
and donor lymphocyte infusions, which carry 
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a higher risk for the development of chronic 
GVHD [23–25]. 

Atherosclerosis is a chronic inflammatory 
disease that starts early in life [12]. Recent 
studies suggest that chronic GVHD could play 

a role in the development and progression of 
atherosclerosis and cardiovascular events [26–29]. 
What is the pathogenesis of atherosclerosis in 
chronic GVHD? Formerly it was believed that 
atherosclerosis is a consequence of the traditional 
cardiovascular risk factors after the hematopoietic 
bone marrow transplantation [30]. Recently it 
was demonstrated that the inflammation is the 
pathogenic mechanism linking atherosclerosis 
and chronic GVHD [12]. Microangiopathy, veno-
occlusive disease of the liver, diffuse alveolar 
hemorrhage, engraftment syndrome and capillary 
leak syndrome are the early endothelial events 
after BMT [12]. Recent studies have demonstrated 
that they are mainly caused by cellular toxicity, 
the procoagulant condition, loss of microvessels, 
perivascular infiltration of activated cytotoxic T 
lymphocytes and the inflammatory response 
after BMT [31]. All these events in patients with 
chronic GVHD suggests that factors related 
to the alloreactive immune reaction should 
be involved in the atherosclerotic process [3]. 
Vascular endothelial cells are an exposed target 
tissue, and endothelial damage in GVHD 
could contribute to atherosclerosis [10–12]. This 
process may be accelerated by increased levels of 
inflammatory markers in the circulation [32,33]. 
These events are enhanced by the traditional 
cardiovascular risk factors, such as diabetes, 
hypertriglyceridemia, low levels of high-density 
lipoprotein cholesterol, hypertension and obesity 
[30]. In this study, we aimed to evaluate the role of 
chronic GVHD as an independent factor in the 
development of atherosclerosis, therefore patients 
with known history of cardiovascular risk factors 
were excluded. 

 In our study, the higher IMT in patients 
with chronic GVHD versus those without 
GVHD indicates the association of chronic 
GVHD and atherosclerosis. Atherosclerosis is 
a side effect of BMT, which is mostly observed 
in young patients. The current study only 
includes patients from 18 to 35 years old so 
their long-term survival is very important. The 
noninvasive and widely available diagnostic tools 
for early diagnosis of atherosclerosis should be 
considered in these patients. Here we showed 
that ultrasonography could be used for early 
diagnosis of atherosclerosis in these patients. 
Consistent with our findings, increased IMT 
has been used as a marker of atherosclerosis in 

people without BMT [34,35], and is also is an 
early marker predicting cerebrovascular events 
[36]. We suggest that ultrasonoraphy could be 
considered as a screening tool in patients who 
underwent BMT, without chronic GVHD. 

Figure 1. Ultrasound evaluation of 
intima-media thickness. (A) Ultrasound 
evaluation of intima-media thickness of the 
right side common carotid artery; (B) bulb of 
the carotid; and (C) the internal carotid artery, 
in a patient with chronic graft-versus-host 
disease. The large linear black artifact is due to 
bad contact between skin and transducer.

www.futuremedicine.com 21future science group

Intima-media thickness of carotid artery in patients with chronic GVDH  ReseaRch aRticle



Future perspective
The principal limitation of the present study is 
that ultrasonography is an operator-dependent 
imaging tool. In our study a single radiologist, 
who was blinded to the patient and control groups, 
performed all the ultrasound examinations, 
and there is no evidence for the repeatability 
and reproducibility of these measurements. 
Computer-aided design, the use of computer 

systems to assist the creation and modification 
or optimization of the measurements, should 
be considered for future studies. Furthermore, 
we performed a cross-sectional study, and 
therefore the causal pathways underlying the 
observed relationships cannot be inferred. 
Future prospective studies may elucidate the 
role of ultrasound in the early prediction of 
cardiovascular disorders in patients with chronic 
GVHD after BMT. On the other hand, we took 
advantage of a relatively large sample size and 
close similarity between groups in most of the 
potentially confounding variables. In conclusion, 
our findings demonstrated the applicability of 
ultrasound in the detection of a higher IMT in 
patients with chronic GVHD after BMT. Our 
results may indicate the usefulness of ultrasound 
for detection of increased IMT and follow-up of 
these patients. 
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Table 1. Characteristics of the patients with and without 
graft-versus-host disease as well as controls.

Controls 
(n = 30)

Patients without 
GVHD (n = 30)

Patients with 
GVHD (n = 30)

Age (years) 26.93 ± 0.62 
(23–32)

25.80 ± 1.45  
(18–35)

26.33 ± 1.32 
(19–34)

Female, n (%) 14 (46.7) 16 (53.3) 16 (53.3)

Cause of BMT

Aplastic anemia, n (%) 2 (6.7) 2 (6.7)

Acute myeloid leukemia, 
n (%)

18 (60) 16 (53.3)

Multiple myeloma, n (%) 6 (20) 10 (33.3)

Hodgkin’s disease, n (%) 4 (13.3) 2 (6.7)

Time from transplantation 
(months)

36.0 ± 4.53  
(10–63)

24.0 ± 2.64 
(12–55)

IMT (µm)

rt CCA 4.8 ± 0.26 4.4 ± 0.16 5.0 ± 0.27

rt bulb of carotid 5.01 ± 0.34 4.6 ± 0.21 6.0 ± 0.35*

rt ICA 4.5 ± 0.19 4.9 ± 0.34 5.5 ± 0.27**

lt CCA 4.5 ± 0.27 4.8 ± 0.24 5.3 ± 0.25

lt bulb of carotid 4.3 ± 0.19 4.2 ± 0.28 5.4 ± 0.32*

lt ICA 4.8 ± 0.19 4.8 ± 0.29 5.0 ± 0.44

Mean rt and lt bulb of carotid 4.4 ± 0.24* 4.6 ± 0.19 5.3 ± 0.29*

Overall mean† 4.6 ± 0.14* 4.3 ± 0.15 5.6 ± 0.19**
Variables are presented as mean ± standard error of mean. 
†Mean of IMT in rt and lt CCA, ICA and bulb of carotid. 
*p < 0.05 when comparing patients with GVHD or healthy controls versus patients without GVHD. 
**p < 0.01 when comparing patients with GVHD or healthy controls versus patients without GVHD. 
BMT: Bone marrow transplantation; CCA: Common carotid artery; GVHD: Graft-versus-host disease; 
ICA: Internal carotid artery; IMT: Intima-media thickness; lt: Left side; rt: Right side.

Executive summary

 � Atherosclerosis and cardiovascular disorders are among the life-threatening complications affecting individuals with chronic  
graft-versus-host disease (GVHD) and bone marrow transplantation (BMT).

 � The aim of this study was to evaluate, for the first time, the use of ultrasound in the detection of intima-media thickness (IMT) in 
patients with and without chronic GVHD, as well as in healthy controls.

 � BMT patients with chronic GVHD had higher values of overall IMT and IMT in the bulb of the carotid compared with patients without 
chronic GVHD, or healthy controls.

 � We suggest that ultrasonography could be considered as a screening tool in patients who underwent BMT, without chronic GVHD.
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