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Abstract
BACKGROUND
Liver metastasis of duodenal gastrointestinal stromal tumor (GIST) is rare. Most reports mainly focus on its treatment and approaches to surgical resection, while details on its contrast-enhanced ultrasound (CEUS) findings are lacking. The diagnosis and imaging modalities for this condition remain challenging.

CASE SUMMARY
A 53-year-old Chinese man presented with mild signs and symptoms of the digestive tract. He underwent routine examinations after GIST surgery. Magnetic resonance imaging showed a 2.3 cm hepatic space-occupying lesion. All the laboratory test results were within normal limits. For further diagnostic confirmation, we conducted high frame rate CEUS (H-CEUS) and found a malignant perfusion pattern. Heterogeneous concentric hyper-enhancement, earlier wash-in than the liver parenchyma, and two irregular vessel columns could be observed at the periphery of the lesion during the arterial phase. Ultrasound-guided puncture biopsy was used to confirm the diagnosis of the lesion as liver metastasis of duodenal GIST. Imatinib was prescribed after biopsy, and the patient’s clinical course was monitored.

CONCLUSION
H-CEUS is useful for detecting microcirculation differences, wash-in patterns, and vascular morphogenesis and diagnosing liver metastasis of duodenal GIST.
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Core Tip: Gastrointestinal stromal tumors (GISTs) are the most common types of gastrointestinal mesenchymal tumors. The liver is considered the most common organ target of metastasis; however, liver metastasis of duodenal GIST is extremely rare. We describe a new imaging modality, high frame rate contrast-enhanced ultrasound, for detecting microcirculation differences in the lesion, wash-in patterns during the early arterial phase, and vascular morphogenesis due to its high frame rate, during which liver metastasis of duodenal GIST can be diagnosed accurately. No complications were observed in our patient. We recommend this new technology for the diagnosis of liver metastasis of duodenal GIST.


INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating from the digestive tract, and they account for 1%-3% of gastrointestinal tumors. Their clinical manifestations have not been established, and no specific tumor markers have been reported; approximately 15%-50% of GISTs are found due to liver metastasis[1]. Duodenal GISTs are rare, accounting for 12%-18% of small intestine GISTs and 1%-4% of all GISTs, and only 6 cases of liver metastasis of duodenal GISTs have been reported[2-7]. Usually, computed tomography (CT) scan, ultrasound endoscopy, and digestive tract contrast can help in the evaluation of the size, local immersion, and metastasis and location of the GIST[8]. Herein, we report a case of metastatic duodenal GIST that was initially accurately diagnosed by high frame rate contrast-enhanced ultrasound (H-CEUS). This report is intended to introduce a new imaging technology, which could not only provide important information in diagnosing rare disease liver metastasis of duodenal GIST but may also contribute to the diagnosis of many other hepatic lesions. 

CASE PRESENTATION
Chief complaints
A 53-year-old Chinese man was admitted to our hospital with a progressively enlarged liver lesion for 2 years.

History of present illness
The lesion in the liver had been found during a routine re-examination after surgery two years earlier, and no significant progression was observed during subsequent annual examinations until three months earlier. The maximum diameter of the lesion had grown from 1.3 cm to 3.5 cm within a year, accompanied by mild abdominal discomfort. The patient reported to our hospital for further diagnosis.


History of past illness
The patient had a 30-year history of fatty liver but no history of hepatitis and liver cirrhosis and had undergone duodenal stromal tumor resection twice in our hospital in March 2012 and September 2016. He had no significant symptoms but slightly abdominal discomfort occasionally. His dietary was regular, but the sleep was not that well. 

Personal and family history
The patient had a 30-year history of alcohol consumption. His father had a gastrointestinal-related disease, but the details are unknown.

Physical examination
The entire abdomen was soft, and there was no pressure pain, rebound pain, and muscle tension. A vertical surgery scar of approximately 15 cm was found. All the other vital signs were stable, and no positive signs were revealed.

Laboratory examinations
The results of the laboratory tests were negative, except an ALT level of 75 U/L. The tumor markers, AFP, CEA, CA19-9, had normal concentrations. The blood tests and fecal, coagulation function, and Helicobacter pylori antibody examinations showed normal results.

Imaging examinations
Three months earlier, magnetic resonance imaging (MRI) showed a 2.3 cm occupying lesion in the left external liver lobe (Figure 1). The patient underwent an abdominal ultrasound examination using the Resona9 ultrasound system (Mindray Medical International, China) equipped with an SC6-1U (1-6 MHz) transducer. Conventional ultrasound (US) showed an uneven hypo-echo lesion with a peripheral hypoechoic halo located in the left lobe of the liver. The lesion had an approximate size of 3.5 × 2.2 × 2.4 cm3, a round shape, and slightly clear margins. Color Doppler flow imaging (CDFI) showed the dot-linear blood flow signal within the lesion (Figure 2A and B). Given the history of duodenal GIST, the patient’s doctor suggested further CEUS diagnosis and obtained patient's consent. The depth, gain, and focus were thoroughly adjusted for optimal display according to the operator's habits. After a bolus injection of 1.5 mL of Sonovue (Bracco, Italy) suspension, an ultrasound contrast agent, with 5 mL physiological saline (Italy, Bracco), the timer was activated. The target lesion and surrounding liver parenchyma were continuously observed for 5 min. Based on the accepted guidelines, the arterial, portal, and late phases were defined after 10-30 s, 30-120 s, and 121-360 s of the contrast agent injection, respectively. On CEUS, the solid nodule appeared heterogeneous, and there was hyper-enhancement during the arterial phase without a significant concentric perfusion and rim-like enhancement (Figure 2C-F). Quantitative analysis showed a peak intensity difference between the lesion and liver parenchyma (△PI) of 3.58 dB (Figure 3A-C). The enhancement of the lesion was washed out rapidly and gradually; a heterogeneous enhancement and hypo-enhancement were observed during the portal and late phases. During the late phase, the contrast agent was barely perfused. These features were suggestive of malignancy. To observe the process and direction of the contrast agent more precisely and better assess the liver lesion, we carried out a second H-CEUS after the patient rested for 1 h. During the arterial phase, a solid lesion that was enhanced from the periphery to the center was observed; a heterogeneous hyper-enhancement at peak was also observed. We also found two irregular branch-like vascular columns around the lesion. Rim enhancement was more significant this time (Figure 3G-J). The video showing the H-CEUS in arterial phase is displayed (Video 1). Quantitative analysis showed a peak intensity difference between the lesion and liver parenchyma (△PI) of 6.63 dB (Figure 3D-F). Similar to the CEUS findings, the contrast agent was washed out rapidly during the portal and late phases, and, finally, no enhancement was observed. The arterial phase of the lesion was suggestive of a malignancy, and metastasis was suspected based on the history.

Pathological findings and immunohistochemical staining
The final pathological findings were as follows: (1) Microscopic: the short and spindle cells were patchy; and (2) Immunohistochemical results: CD117, Dog-1, and Vimentin were positive, and Ki-67 was > 5% (Figure 4).

Gene mutational analysis
Molecular testing revealed c-Kit 11 (c.1655_1699del 15 type), c-Kit 9, c-Kit 13, c-Kit 17, PDGFRα12, and PDGFRα18 wild type mutations, which were associated with poor prognosis (Figure 5). 

FINAL DIAGNOSIS
The final diagnosis of the presented case was liver metastasis of duodenal GIST. 

TREATMENT
The patient currently takes 400 mg imatine per day and has no other symptoms. Although the patient had not quit drinking, he had reduced the frequency and amount of alcohol consumption to a large extent. 

OUTCOME AND FOLLOW-UP
The patient remained on imatine therapy, and was followed up.

DISCUSSION
Duodenal GIST is rare, accounting for 12%-18% of small intestine GISTs and 1%-4% of all GISTs[9-11]. The clinical features of duodenal GIST include mild gastrointestinal bleeding, abdominal pain, and an abdominal mass[12]. The diagnosis of duodenal GIST is usually based on histopathological and imaging findings. Usually, ultrasound endoscopy, CT scan, MRI, and digestive tract contrast can help in evaluating the size, local immersion, metastasis, and location of the GIST[13-15]. 
Metastatic liver cancer (MLC) is one of the most common metastatic tumors, and is usually associated with a lower survival rate[16,17]. The most common type of liver metastasis derives from colorectal cancer. GISTs only account for 1%-3% of gastrointestinal tumors. Due to the higher malignancy and poor prognosis of MLCs, early detection and therapy are of great significance.
CT and MRI are the preferred imaging modalities for diagnosing MLC. Liver metastasis often shows heterogeneous hypodense lesions with progressive concentric enhancement in CT scans, with a sensitivity of up to 97%[18], while the MRI technique can detect smaller lesions[18,19]. These two imaging modalities are not used in real-time evaluation, and their scanning durations are longer. Their radiation and high cost should be taken into consideration for neonates and pregnant women. CEUS has been widely used to detect focal liver lesions (FLLs) in recent years[20,21], but there have only been 10 reports of liver metastatic lesions so far (Table 1). Herein, we collected information regarding the age, gender, clinical manifestation, MLC’s originated organs, treatment, and follow-up from four cases and six clinical research studies. As shown in Table 1, MLCs mainly originated from gastrointestinal organs, except for three patients in whom the primary malignant tumors were medullary thyroid cancer[22], choroidal melanoma[23] and breast cancer[24]. MLCs usually have no specific symptoms. The US and CEUS features are depicted in Table 1. We found that MLCs often present as oval or round with irregular margins, and their echo characteristics are not specific. For MLCs from colorectal and ileal lesions, there is a central part with no echo[25,26]. They may consist of a hemorrhage and a necrotic area. It was reported that approximately 50% of all GISTs show cystic or necrotic areas[27]. CEUS is more sensitive in detecting avascular areas than US when part of the isoechoic or hypoechoic area was necrotic. Regarding the CEUS findings, the majority of these cases presented with homogeneous or heterogeneous hyper-enhancement during the arterial phase, mostly earlier than liver parenchyma. The contrast agents washed out very rapidly during the portal phase and presented hypo-enhancement until the end of the late phase. Wu et al[28] showed that metastatic lesion presented non-enhancement during the late phase. Zhang et al[29] found that lung primary lesion’s MLC showed no significant enhancement in CEUS, which was contrary to other findings. We deduced that it was probably associated with the pathological type, but more supportive literature was required to make further conclusions. For this present case, CEUS showed a solid nodule that appeared heterogeneous and hyper-enhanced during the arterial phase; these were consistent with malignant liver lesion perfusion patterns previously reported[20,30]. As we all know, hyper-enhancement of atypical hemangiomas during the arterial phase or non-enhancement during the portal and late phases can lead to a misleading diagnosis. Intrahepatic cholangiocellular carcinomas behave like metastases, washing out rapidly and appearing as defects during the late phase[31]. Consequently, further imaging characteristics are needed for a precise diagnosis.
The contrast agent was a pure-blood pool tracer for showing microcirculation perfusion of solid organs[21,32]. It can detect smaller (> 40 μm) blood vessels better than CDFI (> 100 μm) and is widely used in FLLs[33,34]. While it is partly affected by the frame rate, the frame frequency of CEUS is within 9-15 Hz, which is probably not adequate for detecting quick wash-in progression and the vascular architecture during the early arterial phase. H-CEUS provides a frame rate of tens of thousands of images per second to compensate for the reduced focusing of the acoustic beam and enhance the signal-to-noise ratio. H-CEUS can show microcirculation differences and wash-in patterns during the early arterial phase and vascular morphogenesis. In this case of H-CEUS technology, the enhancement appeared at the peripheral part of the lesion, and there was concentric perfusion. This may be mainly due to the increase in frame rate, which facilitated a better display of the first enhancement area, and the site where the change in enhancement over time demonstrated the direction of contrast perfusion. Nevertheless, when the image frame rate is low, it is impossible to accurately display the contrast enhancement area, as the enhancement appears almost simultaneously in various parts of the lesion. Instead, it is presented as an entire perfusion on CEUS. Besides, vascular morphology is one of the important features for identifying and diagnosing the nature of FLL, and irregular vascular morphology is usually the main manifestation of malignant FLL[35,36]. The vascular morphology can be demonstrated by recording the path of contrast agent microbubbles, as the bubbles cannot enter the tissue gap through the vessel wall, and can only continuously move in the vessel[37-40]. The arterial phase is important for observing the vascular morphology, and rapid flow of arterial blood leads to the rapid movement of contrast agents. Therefore, only when the frame rate of contrast imaging reaches a certain threshold. In our case, we observed irregular branch-like vascular columns, which suggested the presence of malignancy; resulting in the final diagnosis of “liver metastasis of duodenal GIST.” Compared with the CEUS technology, H-CEUS is more suitable for accurately detecting the movement of contrast agents to ascertain the vascular morphology of liver lesions. 
The prognosis and treatment of liver metastasis of duodenal GIST have not been established due to the limited number of reported cases[2,3]. Based on our literature review, we found that distant metastases can occur years after the surgical excision of the primary duodenal lesion. Both patients reported in the two cases experienced bleeding after rupture of the liver metastatic lesion[2,3,6,41]. Given that liver metastases of duodenal GISTs are negatively correlated with disease prognosis, early detection is important. Consequently, our report is useful, as it is the first to highlight the value and utility of H-CEUS for diagnosis of patients with liver metastases of duodenal GISTs. This case reminds clinicians that the H-CEUS technology can facilitate the diagnosis of liver metastatic cancers, resulting in improved diagnosis, treatment, and outcomes.

CONCLUSION
Duodenal GISTs are relatively rare, but they usually have a poor prognosis and are associated with high incidences of metastases. The H-CEUS findings were as follows: a solid lesion enhanced from the periphery to the center with two irregular branch-like vessel columns during the early arterial phase with peak heterogeneous hyper-enhancement and rim enhancement. The contrast agent was washed out rapidly during the portal phase and showed no enhancement during the late phase. To the best of our knowledge, this report is the first to describe the H-CEUS patterns of this disease. It also highlights the challenges associated with the CEUS findings of metastatic hepatic cancers.
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Figure Legends
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Figure 1 Magnetic resonance imaging findings. The lesion is approximately 2.3 cm in the left external lobe. A: T1-weighted image of the nodule showing hypo-intensity; B T2-weighted image of the tumor showing higher intensity; C: Diffusion-weighted image of the tumor showing a higher intensity; D: The lesion presented edge enhancement after reinforcement (white arrows).
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Figure 2 High-frame-rate contrast-enhanced ultrasound findings. Images showing high-frame-rate contrast-enhanced ultrasound perfusion patterns corresponding to those in contrast-enhanced ultrasound images. Concentric enhancement was more obvious. Irregular vessel column and rim enhancement can be seen (white arrows). A: Conventional ultrasound showing an uneven hypo-echo lesion with an approximate size of 3.5 cm × 2.2 cm × 2.4 cm and a peripheral hypoechoic halo located in the left lobe of the liver; B: Color Doppler flow imaging showing the dot-linear blood flow signal within the lesion; C-E: Contrast-enhanced ultrasound findings; F: The lesion showed heterogeneous hyper-enhancement at peak; G-J: We could not find obvious concentric and rim enhancement on contrast-enhanced ultrasound. 
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Figure 3 Contrast-enhanced ultrasound quantitative analysis results. A-C: Contrast-enhanced ultrasound quantitative analysis showed △PI of 3.58 dB at peak; D-F: High-frame-rate contrast-enhanced ultrasound quantitative analysis showed △PI of 6.63 dB at peak.
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Figure 4 Histopathology findings. A: Microscopy showed a patchy distribution of short and spindle cells (H&E staining, × 200); B-D: Immunohistochemical staining displayed CD117 (+), Dog-1 (+), and Vimentin (+) (H&E staining, × 200).
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Figure 5 DNA sequencing electropherograms. DNA sequencing electropherograms revealed c-Kit 11 (c.1655_1699del 15 type), c-Kit 9, c-Kit 13, c-Kit 17, PDGFRα12, and PDGFRα18 wild type mutations.


Table 1 Case and literature reports of patients with MLC sonographic features
	Ref.
	Country
	Age/gender
	Clinical manifestation
	Organs originated
	US features
	CEUS features
	Contrast agent/dosage
	Treatment
	Follow-up

	Zhou J et al[22], 2017
	China
	33/F
	Increase in calcitonin and CEA
	MTC
	Hyper-and net-like; echogenicity, clear margin, well-defined shape
	Hyper-enhancement during the arterial phase and hypo-enhancement in portal and parenchyma phase
	Sonovue 1.2 mL
	Surgery 
	Calcitonin and CEA remained normal

	Corvino et al[42], 2015
	Italy
	41/M
	No specific symptoms
	Rectal melanoma 
	Solitary hypo-anechoic complex cystic lesion with a thin internal septum 
	Hyper-enhancement of the cystic wall and intra-cystic septation during the arterial phase, rapid wash-out, and hypo-enhancement during the portal and late phases
	Sonovue 2.4 mL
	Surgery 
	N/A

	Toni et al[23], 2011
	Germany
	36/M
	No specific symptoms
	Choroidal melanoma
	Iso-echogenicity
	Homogeneous hyper-enhancement in arterial phase; hypo-enhancement in portal phase and punched-out enhancement defect; in late phase
	Sonovue 2.0 mL
	Surgery
	N/A

	Paulatto et al[25], 2020
	France
	74/M
	N/A
	NOS of colon
	N/A
	Central part remains hypoechoic
	N/A
	Surgery
	N/A

	Ishikawa et al[43], 2021
	Japan
	N/A
	N/A
	Pancreas
	Round with irregular margin
	Strong peripheral enhancement in the arterial phase, early washout, hypo-enhancement in the portal, and post-vascular phases 
	Sonazoid 0.015 mL/kg
	N/A
	N/A

	Michima et al[24], 2016
	Japan
	N/A
	N/A
	Breast
	Clearly round, oval, or lobulated solid focal lesions, irregular margin.
	Hypoechoic defects in enhancing parenchyma in the portal venous or postvascular phase
	Sonazoid 0.015 mL/kg
	N/A
	N/A

	Yang DP et al[26], 2020
	China
	N/A
	N/A
	Colorectum
	Hypo- or mix- echogenicity and anechoic area
	Capsule enhancement, starting time of washout of > 40 s, un-enhancement area, and proportion of non-enhancement area > 50%
	Sonovue 2.4 mL
	N/A
	N/A

	Wu et al[28], 2020
	China
	N/A
	N/A
	Colorectum
	Not mentioned
	Peripheral nodular enhancement, heterogeneous hyper-enhancement, or rim-like enhancement during the arterial phase and a non-enhancement area during the late phase 
	Sonovue 2.0 mL
	N/A
	N/A

	Schwarze et al[44], 2019
	Germany
	N/A
	N/A
	NET of ileum
	Anechoic oval-shaped
	Earlier wash-in, hyperenhancement during the arterial phase, and hypo-enhancement in the portal phase
	Not mentioned
	N/A
	N/A

	Schwarze et al[44], 2019
	Germany
	N/A
	N/A
	Pancreas
	N/A
	Earlier wash-in, hyperenhancement during the arterial phase, and hypo-enhancement during the portal phase 
	Not mentioned
	N/A
	N/A

	Zhang GD et al[29], 2013
	China
	N/A
	N/A
	Stomach
	Round with regular margin, iso-echo
	Earlier rim-like enhancement and washed out in portal phase, non-enhancement in late phase
	Sonovue 2.4mL
	N/A
	N/A

	Zhang GD et al[29], 2013
	China
	N/A
	N/A
	Lung
	Oval and hypo-echo
	No significant enhancement, hypo-perfusion compared with liver parenchyma
	Sonovue 2.4mL
	N/A
	N/A


F: Female; M: Male; MTC: Medullary thyroid cancer; CEA: Carcinoembryonic antigen; NOS: Non-otherwise specified; NET: Neuroendocrine tumor; N/A: Not available. 
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