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Abstract
AIM: To assess the value of contrast-enhanced ultra-
sound (CEUS) in diagnosing splenic artery complica-
tions (SACs) after acute pancreatitis (AP). 

METHODS: One hundred and eighteen patients with 
AP were enrolled in the study. All patients were exam-
ined by CEUS and contrast-enhanced computed tomog-
raphy (CECT). CECT was accepted as a gold standard 
for the diagnosis of SACs in AP. The diagnostic accuracy 
of splenic CEUS and pancreatic CEUS was compared 
with that of CECT. Splenic infarction was the diagnostic 
criterion for splenic artery embolism and local dysper-
fusion of the splenic parenchyma was the diagnostic 
criterion for splenic arterial stenosis. The incidence of 
splenic sub-capsular hemorrhage, splenic artery aneu-
rysms, and splenic rupture was all lower than that of 
SACs. 

RESULTS: Nine patients were diagnosed as having 
SACs after AP by CECT among the 118 patients. The 
patients with SACs were diagnosed with severe acute 
pancreatitis (SAP). Among them, 6 lesions were diag-
nosed as splenic artery embolism, 5 as splenic artery 
aneurysms, and 1 as splenic arterial stenosis. No lesion 
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was diagnosed by pancreatic CEUS and 5 lesions were 
diagnosed by splenic CEUS. By splenic CEUS, 4 cases 
were diagnosed as splenic artery embolism and 1 as 
splenic arterial stenosis. The accuracy of splenic CEUS 
in diagnosis of SACs in SAP was 41.7% (5/12), which 
was higher than that of pancreatic CEUS (0%).

CONCLUSION: Splenic CEUS is a supplementary 
method for pancreatic CEUS in AP patients, which can 
decrease missed diagnosis of SACs.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: We prospectively investigated splenic contrast-
enhanced ultrasound (CEUS) in diagnosis of splenic 
artery complications in acute pancreatitis (AP). The 
diagnostic yield of splenic CEUS for detecting splenic 
artery complications (SACs) in AP was higher than that 
of pancreatic CEUS. Splenic CEUS is a supplementary 
method for pancreatic CEUS when an AP patient needs 
pancreatic CEUS examination, which can decrease 
missed diagnosis of SACs.
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INTRODUCTION
Contrast-enhanced ultrasound (CEUS) has become an 
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important imaging method to evaluate the degree of  se-
verity and predict the prognosis of  diseases[1]. Acute pan-
creatitis (AP) can be examined by CEUS to identify the 
necrosis range of  the pancreas, which is related to treat-
ment and prognosis. Splenic artery complications (SACs) 
have a low morbidity in AP. Although SACs are rare 
complications in AP and most patients present few clini-
cal symptoms, it may lead to a severe outcome. Rupture 
of  splenic artery aneurysms is frequent and sometimes 
occurs as the first symptom, and sometimes it is fatal[2]. 
So, it is of  great clinical significance to determine the 
diagnostic accuracy of  CEUS for SACs in AP. However, 
the sensitivity of  gray scale ultrasound and color Dop-
pler ultrasound is low, and few studies have reported on 
CEUS[3]. In this article, we discussed the diagnostic value 
and accuracy of  splenic CEUS for SACs in AP.

MATERIALS AND METHODS
Patient data
This study was conducted with the approval of  the Ethics 
Committee of  West China Hospital and informed con-
sent was obtained from all the patients. We collected 129 
in-patients with AP treated at our hospital from March 
2010 to March 2013. Eleven patients were excluded from 
the study either because the gray scale sonography of  the 
pancreas hardly displayed meteorism or because patients 
had a history of  splenic disease. Of  the remaining 118 
patients included in the study, there were 69 males and 49 
females, with a mean age of  41.27 ± 12.15 years (range, 
15-79). All patients were examined by pancreatic CEUS 
to diagnose the SACs in AP. Splenic CEUS was also used 
to diagnose the splenic lesions. All contrast-enhanced 
computed tomography (CECT) and CEUS examinations 
were performed at an interval of  72 h. The study pro-
tocol was kept blind for doctors performing CEUS and 
CECT.

Sonographic examination
A LOGIQ E9 (GE Healthcare, Milwaukee, WI, United 
States) ultrasound system with a C1-5 MHz probe or a 
PHILIPS IU22 (Philips Medical Systems, Bothell, WA, 
United States) ultrasound system with a C5-2 MHz trans-
ducer was selected. Both the ultrasound systems were 
equipped with harmonic contrast pulse sequencing appa-
ratus. The contrast agent used was SonoVue (BraccoSpa, 
Milan, Italy) and the suspension contained stabilized sul-
fur hexafluoride microbubbles.

Two sonologists, who had over ten years of  experi-
ence in abdominal conventional ultrasound and over 

three years of  experience in CEUS evaluation for pan-
creatic diseases, performed the examinations. All patients 
were asked to fast before ultrasound examination. Firstly, 
gray scale sonography and color Doppler flow imag-
ing were performed to observe the size and shape of  
the pancreas and spleen, peri-pancreatic fluid collection, 
echogenicity of  the parenchyma, and the inner diameters 
of  the splenic artery. Then, CEUS was started at a low 
mechanical index (GE MI: 0.12; PHILIPS MI: 0.06). 
SonoVue suspension of  1.5-2.0 mL was administered as 
a bolus injection through the antecubital vein, followed 
by a flush with 5 mL saline solution. Real-time contrast-
enhanced imaging was recorded on the hard disk when 
the suspension (SonoVue) was injected, and the times 
were calculated simultaneously. Based on the entire arte-
rial pancreatic or splenic system, the contrast phase was 
identified as the arterial phase (0-30 s after contrast agent 
injection) and the venous phase (starting at 31 s after 
contrast agent injection). When a sonologist finished 
pancreatic CEUS, the other sonologist started splenic 
CEUS successively. And the results of  SACs by pancre-
atic CEUS and by splenic CEUS were recorded.

The splenic CEUS images for SACs were correlated 
with the pathophysiologic results (Table 1). The results 
of  splenic lesions were transformed into corresponding 
SACs and recorded immediately.

Computer tomography
A 64-slice spiral computer tomography (CT) (Philips Bril-
liance; Philips Medical Systems, Cleveland, OH, United 
States) system or 16-slice spiral CT system (Somatom 
Sensation 16; Siemens, Erlangen, Germany) was used in 
this study. The contrast agent used was iopamidol (Io-
pamiro; Bracco Imaging) or iopromide (Ultravist; Bayer 
Schering, Germany) at a concentration of  37 gI/100 mL. 

The range of  CECT scanning was from the chest to 
the pelvic floor. Iopamidol or iopromide was injected 
with a total amount of  90-120 mL to each patient at a 
rate of  3 mL/s with a power injector through the antecu-
bital vein. 

RESULTS
The 118 patients were diagnosed with AP by CECT; 
among them only 9 patients (including 12 lesions) were 
diagnosed as having SACs. Among the 118 patients, there 
were 38 patients with mild AP and 80 with severe AP 
(SAP). All SACs patients were from the SAP group. Six 
cases were diagnosed as splenic artery embolism; 5 cases 
as splenic artery aneurysms and 1 case as splenic arterial 
stenosis by CECT. Three patients had splenic artery em-
bolism with splenic artery aneurysms found by CECT. In 
the splenic CEUS group, SACs were found in 5 cases, in-
cluding 4 cases of  splenic artery embolism (Figure 1) and 
1 case of  splenic arterial stenosis (Figure 2). And in the 
pancreatic CEUS group, all lesions of  SACs were mis-
diagnosed (Table 2). The diagnostic accuracy of  splenic 
CEUS for SACs in AP was 41.7% (5/12), which was ob-
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Table 1  Splenic lesions and splenic artery complications

Splenic lesions Splenic artery complications
Splenic infarction/subcapsular hemorrhage Splenic artery embolism
Local dysperfusion of splenic parenchyma Splenic artery  stenosis
Splenic artery aneurysms Splenic artery aneurysms
Splenic rupture Splenic artery embolism



viously higher than that of  pancreatic CEUS (0%, 0/12).
By splenic CEUS, 4 cases were diagnosed as splenic 

infarction, including 1 case complicated with sub-cap-
sular hemorrhage, and 1 case of  focal dysperfusion of  
the splenic parenchyma (Table 3). The CEUS imaging 
of  splenic infarction showed that in some regions, no 
enhancement appeared after contrast agent injection in 
the splenic artery phase and venous phase, and hence in-
farcted splenic parenchyma was displayed as a hypoechoic 
area. The shape of  splenic infarction varied from wedge-
shaped (3 cases) to round or irregular (1 case). 

Sub-capsular hemorrhage is a complication of  splenic 
artery embolism. CEUS imaging of  sub-capsular hemor-
rhage showed an anechoic region under the splenic sub-
capsule, which could differentiate better than pancreatic 
ultrasound, and there appeared an anechoic region and 
no enhancement after contrast agent injection in the 
splenic arterial phase and venous phase. There was one 

case diagnosed by CEUS as splenic infarction in the 
splenic CEUS group.

The imaging of  focal dysperfusion of  the splenic pa-
renchyma revealed a region where the degree of  enhance-
ment inside the lesion area was lower than that of  nor-
mal surrounding splenic parenchyma in the arterial and 
venous phases (especially the venous phase). The region 
of  focal dysperfusion of  the splenic parenchyma was dis-
played as a slightly hypoechoic area on CEUS, which did 
not appear on pancreatic ultrasound. Hence, a case of  
SAC was diagnosed by splenic CEUS, and there was no 
evidence of  splenic rupture during his stay in hospital.

Five cases of  splenic artery aneurysms were all miss-
diagnosed by pancreatic CEUS and splenic CEUS in AP. 
Because the whole splenic artery is difficult to display 
by ultrasound, especially the region which is close to the 
hiluslienis, gray scale ultrasound or CEUS may be neces-
sary to identify the size or the location of  splenic artery 
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Figure 1  A 22-year-old man with splenic artery embolism. A: Enhanced-contrast computed tomography showing splenic artery embolism (dotted arrow), and the 
lesion of splenic infarction (solid arrow); B, C: Gray scale ultrasonography and color Doppler ultrasonography of the spleen showed no obvious lesion of splenic infarc-
tion; D: Some regions with no enhancement appeared in the splenic arterial phase (solid arrow) on contrast enhanced ultrasound (CEUS); E: A wedge-shaped splenic 
infarction with no enhancement was displayed in the splenic venous phase (solid arrow) on CEUS.

E
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severity index (CTSI) and has been regarded as a substi-
tute for CECT[6,9]. Only a few cases have been reported 
worldwide about CEUS for SACs compared with CECT 
for splenic venous complications[11-13]. The reason may be 
that the splenic artery is located between the tail of  the 
pancreas and the hilum of  the spleen with the body of  
the stomach in front. Gray scale sonography is influenced 
greatly by meteorism in the gastrointestinal tract, and 
diagnosis is sometimes difficult[14]. Because the quality of  
CEUS depends on the gray scale sonography, its quality 
is consequently affected, and the diagnostic accuracy for 
SACs is often ignored compared with CT or MRI[15].

Although the whole splenic artery is difficult to be 
displayed directly by ultrasound, we convert the obser-
vational objective to evaluate the lesions of  the splenic 
artery indirectly. The diagnostic criteria for SACs were de-
fined by observing the pattern of  images obtained from 
the splenic CEUS. Blood supply to the spleen is solely 
from the splenic artery. Any lesions or changes in the 
splenic artery may result in splenic parenchymal infarc-
tion. In AP, splenic parenchymal infarction occurs due to 

aneurysms.

DISCUSSION
AP is a common abdomen emergency and SACs in AP 
are rarely seen with a low incidence[4]. Due to the low 
sensitivity of  ultrasound in diagnosing SACs, the missed 
diagnosis of  the complications is often ignored[5], even 
by CEUS[6]. CECT was regarded as the gold standard to 
evaluate AP, especially the degree of  severity[7,8]. CEUS 
changes the conventional viewpoint that ultrasound can 
only examine AP roughly[1,9], such as the pancreas size, 
shape, and peri-pancreatic fluid collection[10]. With the 
development of  contrast agents, corresponding contrast-
enhanced software and ultrasound equipment, CEUS is 
being utilized in more and more diseases, including pan-
creatic diseases, especially examination of  SAP because 
it can display pancreatic parenchymal necrosis and the 
degree of  necrosis, and the extra-pancreatic acute fluid 
collection. Previous studies concluded that ultrasound 
severity index (USSI) has a strong correlation with CT 

A B

C D
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Figure 2  A 26-year-old woman with splenic arterial stenosis. A: Enhanced-contrast computed tomography showing splenic arterial stenosis (dotted arrow) and a 
focal splenic parenchyma region showed low enhancement (solid arrow); B, C: Gray scale ultrasonography and color Doppler ultrasonography showed no obvious le-
sions in the spleen; D: No obvious lesion was displayed in the splenic arterial phase on contrast enhanced ultrasound (CEUS); E: Some regions of focal dysperfusion 
of the splenic parenchyma showed low enhancement in the splenic venous phase (dotted arrow).
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SACs. SACs are infrequent complications with pancreati-
tis, which mainly occur in chronic pancreatitis and SAP[16]. 
Mortelé et al[17] found that the incidence of  splenic infarc-
tion in AP was about 7%, and there was a strong relation-
ship between this complication and the severity of  pan-
creatitis. In our study, 6 cases were diagnosed as splenic 
infarction by CECT. The incidence of  splenic infarction 
in AP was 5.1% (6/118) and all cases with the complica-
tions were SAP. The findings in our study are consistent 
with the results reported by Mortelé et al.

SACs include splenic artery embolism, splenic artery 
aneurysms and splenic arterial stenosis[18]. SACs can lead 
to splenic infarction, sub-capsular hemorrhage, splenic 
rupture, or splenic aneurysm rupture. Color Doppler 
ultrasound is less sensitive to display acute infarction 
because there is no difference between the echo area of  
infarcted and normal parenchyma[19]. Acute splenic arte-
rial stenosis is the main presentation of  SAP. With the 
development of  CEUS, splenic trauma or aortic aneu-
rysm rupture can be diagnosed in clinical practice[20-22]. 
The microcirculation of  the splenic parenchyma can 
be displayed by CEUS and it is possible to observe the 
ischemic alteration of  the splenic parenchyma. These 
characteristics guarantee the diagnosis of  acute infarction 
as early as possible and SAPs indirectly. The sensitivity 
of  splenic CEUS for detecting SACs has increased obvi-
ously, and the accuracy rate was 41.7% (5/12, including 4 
cases of  splenic artery embolism and 1 case of  splenic ar-
terial stenosis) in diagnosing SACs compared with CECT.

There were no SACs diagnosed by pancreatic CEUS, 
indicating that pancreatic CEUS is a low sensitive method 
to diagnose SACs in AP. This finding also demonstrates 
that splenic CEUS is an indispensable technique in di-
agnosis of  SACs in AP. It is of  great clinical significance 
to optimize methods of  diagnosis for AP complications, 
such as CEUS. Splenic CEUS is a felicitous supplement 
to overcome the disadvantage of  pancreatic CEUS for 
SAPs in AP.

However, this study of  diagnosis for splenic artery 
aneurysms is not satisfactory. In this study, all cases of  
splenic artery aneurysms were miss- diagnosed. We fi-
nally analyzed the reason for missed diagnosis of  splenic 
artery aneurysms. The longest diameter of  splenic artery 
aneurysms was less than 2 cm and the location was far 
from the hilum of  the spleen so that sonologists could 
not observe the lesions, even by CEUS. And there were 
2 cases of  splenic infarction which were miss-diagnosed 

by splenic CEUS. We retrospectively analyzed the reasons 
why splenic CEUS missed the diagnosis. The reason was 
that the splenic infarction in 2 cases was located close to 
the diaphragm and at the sub-capsular area of  the spleen, 
where ultrasound imaging would be obstructed by the 
ribs. Sonologists did not notice the missed area, which 
was just located in the shadow of  the imaging. By con-
trolling the quality of  ultrasound imaging and avoiding 
the influence of  the ribs, the incidence of  missed diagno-
sis would be decreased.

The ultrasound contrast agent (suspension made of  
5 mL normal saline mixed with SonoVue dry powder) 
was administered by intravenous injection at 1.5-2.0 mL 
for each pancreatic CEUS examination. Pancreatic CEUS 
examination generally did not run out of  the suspension. 
Usually the remaining suspension of  about 1.0-2.0 mL 
was sufficient for splenic CEUS examination. Therefore, 
it is economic to perform the splenic CEUS after pan-
creatic CEUS examination. Splenic CEUS examination 
could diagnose not only splenic artery lesions but also 
any other pathological changes, such as pancreatic pseu-
docysts in the splenic parenchyma[23,24].

Although CECT is the gold standard in diagnosing 
AP, ultrasound has an important position in pancreatitis 
examination[25]. When the patient’s condition is not fit for 
CECT, such as iodine allergy, unavailability for bedside 
examination, and cases of  renal insufficiency, CEUS is an 
effective substitute for CECT examination[26,27].

In conclusion, splenic CEUS diagnosis of  SACs in AP 
was better than pancreatic CEUS because it had a higher 
diagnostic accuracy than the latter. In splenic CEUS 
examination, the contrast agent can be utilized more ef-
fectively and economically. Splenic CEUS can obviously 
increase the diagnostic accuracy for SACs in AP, which 
is simple, convenient, efficient, safe, and partly solves the 
disadvantages of  other modalities in diagnosis of  SACs 
in AP. Splenic CEUS is a supplementary method for pan-
creatic CEUS when AP patients need pancreatic CEUS 
examination, which can decrease the missed diagnosis of  
SACs.
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Table 2  Splenic artery complications examined by three 
methods in acute pancreatitis

Splenic artery 
embolism

Splenic artery 
aneurysms

Splenic artery 
stenosis

CECT 6 5 1
Pancreatic CEUS 0 0 0
Splenic CEUS 4 0 1

CECT: Contrast-enhanced computed tomography; CEUS: Contrast en-
hanced ultrasound.

Table 3  Splenic artery complications by splenic contrast 
enhanced ultrasound in acute pancreatitis

Imaging of splenic CEUS No.

Splenic infarction 4
Subcapsular hemorrhage 1
Splenic parenchymal dysperfusion 1
Splenic rupture 0
Splenic artery aneurysms 0

CEUS: Contrast enhanced ultrasound.
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