
Original Article

Doppler ultrasound unveils splanchnic arteries ischemia allowing early 
successful revascularization in symptomatic systemic sclerosis patients
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A B S T R A C T

Background: Systemic sclerosis (SSc) is characterized by macro and microvasculopathy, including splanchnic 
circulation. Chronic mesenteric ischemia (CMI) is a potentially severe condition which can complicate SSc 
gastrointestinal vasculopathy. Doppler ultrasound (DUS) may be a non-invasive procedure for identifying CMI in 
symptomatic SSc patients.
Objectives: To investigate the capacity of DUS to detect early CMI and the effect of the endovascular approach on 
CMI-related symptoms.
Methods: DUS of splanchnic arteries was performed in symptomatic SSc patients, during routinary outpatient 
visits.
Results: In 6 out of 72 SSc symptomatic patients, DUS suggested a splanchnic vessels stenosis which was 
confirmed by computed tomography angiography (CTA). After multidisciplinary evaluation in 3 patients a 
revascularization was performed. Three-monthly clinical and DUS follow-up was negative in all patients.
Conclusion: CDU is a useful screening tool for CMI in SSc patients. Revascularization of stenotic mesenteric ar
teries seems to be a safe and effective procedure.

1. Introduction

Systemic sclerosis (SSc) is an autoimmune rheumatic disease where 
vasculopathy is one of the main hallmarks, and the gastrointestinal (GI) 
tract is one of the most affected systems [1,2]. In fact, SSc is charac
terized by esophageal dysfunction, gastro-esophageal reflux disease 
(GERD), visceral dysmotility, bowel distention and small intestinal 
bacterial overgrowth syndrome (SIBO), and complete loss of bowel 
motility [3]. Currently there are no standardized guidelines to assess and 
manage SSc-related GI involvement, however in recent years the un
derstanding of SSc-related GI disease has grown both for an early 
diagnosis and management of its complications [4].

SSc pathogenesis is complex and not yet completely understood [5]. 
The hypothesis that vascular injury can be fundamental in the patho
genesis of SSc related complications is supported by numerous clinical 
and experimental studies [6]. It is well known that vasculopathy is an 
early event contributing to the pathogenesis and development of SSc. 
Endothelial injury is considered a central event in the pathogenesis of 
SSc vasculopathy; endothelium disfunction results in vasoactive factors 
imbalance and dysregulation of various neurotransmitters finally lead
ing to intimal thickening and tissue fibrosis [7]. Endothelial injury is 
also considered the very early event that, through a complex pathoge
netic cascade which includes fibroblast activation, neointima formation 
and vascular remodeling [8], leads to the formation of atherosclerotic 

* Corresponding author.
E-mail address: giulia.bandini@unifi.it (G. Bandini). 

Contents lists available at ScienceDirect

European Journal of Internal Medicine

journal homepage: www.elsevier.com/locate/ejim

https://doi.org/10.1016/j.ejim.2025.03.019
Received 27 October 2024; Received in revised form 15 March 2025; Accepted 17 March 2025  

European Journal of Internal Medicine 135 (2025) 126–129 

Available online 25 March 2025 
0953-6205/© 2025 The Authors. Published by Elsevier B.V. on behalf of European Federation of Internal Medicine. This is an open access article under the CC 
BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

https://orcid.org/0000-0002-2076-7319
https://orcid.org/0000-0002-2076-7319
https://orcid.org/0000-0001-6806-3794
https://orcid.org/0000-0001-6806-3794
https://orcid.org/0000-0001-6957-5919
https://orcid.org/0000-0001-6957-5919
https://orcid.org/0000-0003-1201-0508
https://orcid.org/0000-0003-1201-0508
https://orcid.org/0000-0003-3278-8296
https://orcid.org/0000-0003-3278-8296
mailto:giulia.bandini@unifi.it
www.sciencedirect.com/science/journal/09536205
https://www.elsevier.com/locate/ejim
https://doi.org/10.1016/j.ejim.2025.03.019
https://doi.org/10.1016/j.ejim.2025.03.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejim.2025.03.019&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


plaques. In the last decade several evidence suggesting that accelerated 
atherosclerosis is a potential complication of many autoimmune dis
eases, including systemic sclerosis, has been published [9]. In this 
perspective, the early diagnosis and treatment of vascular-related SSc 
complications is fundamental for improving patients’ prognosis.

Moreover, on top of several clinical complications due to vasculop
athy, such as Raynaud’s phenomenon, digital ulcers (DUs), pulmonary 
hypertension (PH) and scleroderma renal crisis (SRC), the attention has 
recently been focused on chronic mesenteric ischemia (CMI), which 
seems a rare clinical complication and could often be underestimated 
and undertreated. In fact, CMI is itself an underdiagnosed condition 
characterized by inadequate blood flow supply to the GI tract leading to 
long lasting ischemic symptoms prior diagnosis [10]. Therefore, a timely 
diagnosis of CMI is of paramount importance for a prompt intervention 
to prevent the development of acute ischemia, which is usually associ
ated with high morbidity and mortality. The typical symptoms include a 
classic CMI triad characterized by postprandial abdominal pain, food 
aversion and weight loss. However, this clinical presentation is present 
in only 20 % of patients, while other atypical signs and symptoms, such 
as nausea, vomiting, bloating, constipation and diarrhea, are usually 
predominant [11]. For that reason, as well as for its rarity, the suspicion 
of CMI and consequently its diagnosis is challenging. In 90 % of cases, 
atherosclerosis of one or more mesenteric arteries is the main cause of 
CMI [12]. In SSc, an early and accelerated atherosclerosis has been 
described, and the underlying vasculopathy can lead to a vast blood flow 
impairment due to concurrent macro and microvascular involvement 
[13–16]. This process may involve all the main target organs (i.e. lung, 
heart, kidney), yet only recently the splanchnic circulation has become a 
matter of interest for the SSc community [17,18].

The GI tract can be investigated with Doppler Ultrasound (DUS), a 
non-invasive tool which is considered the first choice imaging exami
nation for CMI screening and diagnosis [19]. Therefore, DUS evaluation 
of splanchnic vessels is a pivotal investigation in the evaluation of the 
multifaceted involvement of the GI system in SSc.

The aim of our work was to investigate the presence of CMI in 
symptomatic SSc patients and, when indicated, to refer the patient for 
multidisciplinary evaluation in order to assess the need for revascular
ization and its outcome on SSc patients.

2. Materials and methods

Consecutive SSc patients classified according to ACR EULAR 2013 
criteria, underwent a GI DUS of the 3 main splanchnic vessels: the Celiac 
Trunk (CT), the Superior Mesenteric Artery (SMA) and the Inferior 
Mesenteric Artery (IMA). The DUS study was performed by two different 
expert operators (GB and GC), after a fasting state of at least 8 hours, 
with an Esaote Mylab 70 Twice using a 3.5–5 MHz Convex probe for a 
panoramic view of abdominal aorta and splanchnic arteries, and a 5–12 
MHz Linear probe for the accurate measurement of caliber, thickness 
and echogenicity of the abdominal vessels. The caliber was measured 15 
mm after the emergence from the abdominal aorta for CT, 25 mm for 
SMA and 15 mm for IMA. Doppler parameters were measured 15 mm 
after the emergence from the abdominal aorta for the three arteries. The 
position of the probe was adjusted to reach an angle of <60◦ and the 
sample volume was corrected to include the entire inner diameter of the 
vessel. Peak systolic velocity (PSV) and end diastolic velocity (EDV) 
were recorder in the point of maximum stenosis identified aided by the 
aliasing artifact. Every measurement was the mean of three different 
examinations. For the identification of suspected splanchnic vessels 
stenosis previously validated criteria were used as reference values: for 
the SMA a PSV cut-off of 280 cm/sec was considered indicative of a 
stenosis > 50 %, instead for the CT a PSV cut-off of 200 cm/sec was 
considered indicative of a stenosis > 70 % [20,21].

When DUS revealed a hemodynamic stenosis of the artery in CT and/ 
or SMA and/or IMA, a confirmatory computed tomography angiography 
(CTA) was performed, as indicated in the ESC and ESVS guidelines [19]. 

After a multidisciplinary consensus and patient’s consent, the revascu
larization procedure was performed.

The outcome of the procedure was evaluated after one month during 
the following outpatient evaluation. DUs was performed in all patients 
after 1 month and then 3-monthly.

The research project was approved by local Ethical Committee 
(approval number: 23,805_oss). All patients enrolled in the study gave 
their informed consent.

3. Results

Out of 72 SSc patients consecutively investigated with abdominal 
ultrasound for GI symptoms, 6 (8.3 %) patients were symptomatic for a 
suspected CMI (Table 1). None of them had the classic clinical CMI triad, 
whereas in all cases non-specific symptoms such as postprandial bloat
ing, abdominal discomfort and nausea were present. One patient com
plained of at least two classic clinical symptoms like post prandial 
abdominal pain and recent significant weight loss. DUS showed a high 
PSV of SMA, indicating a stenosis of >50 % (PSV > 280 cm/sec) in 4 out 
of 6 patients; in 3 of these 4 cases the stenosis was estimated to be >70 % 
because PSV was > 400 cm/sec, with EDV > 80 cm/sec and a 
mesenteric-aortic ratio (MAR) higher than 3.5. The other 2 patients had 
a suspected celiac trunk hemodynamic stenosis, since PSV was > 250 
cm/sec, indicating a stenosis > 70 %.

In these patients, the stenosis of the mesenteric and celiac trunk ar
teries were confirmed at CTA which showed the presence of athero
sclerotic plaques; only one patient, the 73-year-old, former smoker with 
cardiovascular comorbidities, had SMA calcific hemodynamic plaques. 
She was not diabetic, nor she had chronic kidney failure.

These cases confirm the DUS high sensitivity and specificity when 
performed in specialized centers with skilled operators. A multidisci
plinary discussion was carried out to focus on therapeutic options and 
only 3 (4.2 %) patients were sent to surgical evaluation for an endo
vascular procedure. All these patients underwent percutaneous endo
vascular treatment using a femoral approach under local anesthesia and 
conscious sedation.

In Fig. 1 the DUS (Fig. 1a) and CTA images (Fig. 1b) of a patient with 
SMA symptomatic stenosis are shown. The patient underwent balloon 
angioplasty of the superior mesenteric artery (Fig. 2). Through trans
brachial access, a catheterization of the SMA was achieved. Selective 
angiography documented the presence of stenosis at the origin of the 
SMA that was crossed by a catheter and a hydrophilic guidewire. A 
predilation of the stenosis was performed with a 7 × 40 mm balloon 
(Abbott, Armada, Santa Clara, USA) (Fig. 2A,B), followed by a drug- 
eluting balloon of 7 × 40 mm (Medtronic, Inpact, Minneapolis, USA) 
(Fig. 2C). The final angiography documented an excellent result with 

Table 1 
Demographic and clinical characteristics of the patients with CMI.

Pts 1* Pts 2* Pts 3* Pts 4 Pts 5 Pts 6

Age (years) 56 50 74 51 60 73
Sex Female Female Female Female Female Female
Disease duration 

(years)
4 10 13 24 13 12

Disease subset dcSSc lcSSc dcSSc dcSSc dcSSc dcSSc
Autoantibodies Scl70 ACA Scl70 Scl70 Scl70 Scl70
Digital ulcers No Yes No Yes Yes No
Cardiovascular 

comorbidities
No No No No No Yes

Cigarette 
smoking

No Former No No Active Former

Postprandial pain No Yes Yes Yes No No
Food aversion No No No No No No
Weight loss Yes Yes No No Yes Yes
Other GI 

symptoms
Yes Yes Yes Yes Yes Yes

* patients who underwent endovascular treatment.
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resolution of the stenosis (Fig. 2D).
All the surgical procedures did not have any intra or post-operative 

complication and a dual antiplatelet maintenance therapy with aspirin 
and clopidogrel was continued for a minimum of three months 
thereafter.

A rigorous and tight control with outpatient follow-up, including 
DUS mesenteric flow every three months was performed; all patients 
reported a significative symptoms relief as early as the first month after 
surgery and at one year follow up no patients presented any symptoms 
indicating a recurrence or any DUS hemodynamic signs suggestive of 
CMI restenosis (Fig. 3).

4. Discussion and conclusion

Our experience confirms that CMI is an insidious complication which 
may be present without specific symptoms, thus representing a 
dangerous clinical condition potentially leading to acute ischemia. This 
is particularly true for SSc patients, where the possible association be
tween atherosclerotic lesions and specific vasculopathy may exponen
tially increase the risk of acute and chronic complications.

Furthermore, in SSc the presence of GI symptoms such as diarrhea, 
weight loss, bloating, constipation, and abdominal discomfort are 
aspecific and usually part of the clinical presentation of the GI 
involvement [4], thus making the clinical scenario treacherous and 
difficult for an early detection of a possible coexisting CMI.

The DUS of the splanchnic circulation is a non-invasive examination 
with good accuracy and reproducibility for the diagnosis of CMI. Today 
multiparametric ultrasound is useful to investigate the entire GI system 
and the DUS study of the splanchnic circulation is an essential 
completion of the ultrasound examination for the assessment and 
screening of GI SSc-related vasculopathy. Thus, DUS may warn the 
clinician for a possible macrovascular splanchnic involvement suggest
ing a further investigation with CTA and a prompt endovascular pro
cedure. Furthermore, given the well-known characteristics of 
repeatability, non-invasiveness and low costs, DUS might be very useful 
even in the evaluation of asymptomatic SSc patients to disclose a 
splanchnic macrovascular involvement as early as possible in order to 
promptly treat them and prevent any possible chronic or acute irre
versible damage. Finally, being a patient-friendly examination, DUS is 
an excellent tool not only for the diagnosis of CMI, but even for the 

Fig. 1. DUS (Fig. 1a) and CTA (Fig. 1b) of a patient with superior mesenteric artery stenosis.

Fig. 2. Intraoperative angiography and angioplasty of a patient with systemic sclerosis and superior mesenteric artery stenosis. Selective angiography documented 
the presence of stenosis at the origin of the superior mesenteric artery, for which dilation was performed with an 7 × 40 mm balloon (Abbott, Armada, Santa Clara, 
USA) (Fig. 2A), followed by a drug-eluting balloon of 7 × 40 mm (Medtronic, Inpact, Minneapolis, USA) (Fig. 2B, C). The final angiography documented an excellent 
result with resolution of the stenosis (Fig. 2D).
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follow up of both treated and untreated patients.
Revascularization is generally accepted in case of symptomatic 

multi-vessel stenosis and the presence of mesenteric collateral circula
tion is assumed to prevent single-vessel CMI. However, in the literature 
there is evidence for persistent symptom relief after endovascular 
treatment in patients with single-vessel CMI [22]. It must be considered 
also that the decision for an endovascular treatment of patients with a 
single vessel stenosis should be taken by a multidisciplinary consensus. 
Vascular injury is fundamental in the pathogenesis of SSc-related com
plications, and the complex microvascular involvement can lead to 
impaired angiogenesis and insufficient collateral vessels network 
development in case of macrovascular atherosclerosis damage. A recent 
retrospective study suggested that upper extremities percutaneous 
revascularization in patients with refractory digital ischemia and 
non-healing ulcers can facilitate healing of long-standing ulcers [23].

As per digital ulcers, even when considering GI vascular involve
ment, the awareness of the specific SSc underlying vasculopathy (macro 
and microvascular), potentially leading to an impaired ability to develop 
mesenteric collateral and compensatory blood flow [24], may guide the 
final decision for endovascular treatment.

Our report presents some limitations, especially regarding the small 
number of patients who underwent the endovascular treatment which 
makes it difficult to draw definitive conclusions concerning its real 
effectiveness.

In conclusion, our experience confirms the primary role of DUS as a 
fundamental non-invasive screening tool for the diagnosis of CMI also in 
SSc patients. Given the complex GI micro and macrovascular involve
ment of SSc patients, an early diagnosis and treatment of CMI can be of 
paramount importance not only to prevent a severe evolution to a crit
ical GI ischemia but also to control the increasing burden of GI symp
toms and progressive deterioration of patient’s quality of life. Further 
and perspective studies are necessary to understand the real prevalence 
of CMI in SSc, its role in the complex pathogenesis of GI involvement and 
the real efficacy of the endovascular treatment.
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