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Abstract

The development of ultrasound contrast agents with excellent tolerance and safety profiles has notably improved liver evaluation with ultrasound (US) for several applications, especially for the detection of metastases. In particular, contrast enhanced ultrasonography (CEUS) allows the display of the parenchymal microvasculature, enabling the study and visualization of the enhancement patterns of liver lesions in real time and in a continuous manner in all vascular phases, which is similar to contrast-enhanced computed tomography (CT) and contrast-enhanced magnetic resonance imaging. Clinical studies have reported that the use of a contrast agent enables the visualization of more metastases with significantly improved sensitivity and specificity compared to baseline-US. Furthermore, studies have shown that CEUS yields sensitivities comparable to CT. In this review, we describe the state of the art of CEUS for detecting colorectal liver metastases, the imaging features, the literature reports of metastases in CEUS as well as its technique, its clinical role and its potential applications. Additionally, the updated international consensus panel guidelines are reported in this review with the inherent limitations of this technique and best practice experiences.
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Core tip: Contrast enhanced ultrasound has completely changed the ultrasound liver imaging of the colorectal cancer patient, notably increasing its sensitivity and accuracy in metastases detection. Clinical studies have reported that the use of a contrast agent enables the visualization of more metastases with significantly improved sensitivity and specificity compared to baseline-ultrasound. Furthermore, studies have shown that contrast enhanced ultrasound yields sensitivities comparable to computed tomography. In this review, we describe the state of the art of this technique.
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INTRODUCTION

In patients with diagnosed colorectal cancer (CRC), the early detection of liver metastasis, is of fundamental importance for achieving cancer control[1-3]. This is because while limited synchronous or metachronous colorectal liver metastases (CRLM) are primarily treated with surgical resection, they can also be treated with preoperative chemotherapy and irradiation or newer ablation techniques[4-8]. The treatment of CRLM increases the disease free time and improves the overall survival.

The sensitivity of ultrasound (US), for metastasis detection is reported in the literature as low and variable, ranging from 50%-76%[1-3]. It is well known that US is a technique that is dependent on both the operator and the patient, and operator expertise and the patient’s habitus (fat and body mass index) and intestinal gas variably influence the accuracy of US. However, the major limit of US is its low imaging contrast between liver lesions and the liver parenchyma. In particular, isoechoic metastases are generally difficult to detect as they have similar acoustic impedance to the surrounding parenchyma, and hyperechoic metastases are difficult to differentiate from hemangiomas. Bipat et al[9] recommends that US should only be used to distinguish patients with diffuse CRLM, who are no longer eligible for curative treatment, from those with few metastases or other liver lesions, who require further imaging. However, with the introduction of contrast enhanced US (CEUS), a new era has begun. In a similar fashion to contrast-enhanced multidetector computed tomography (CT) and magnetic resonance imaging (MRI), CEUS identifies more liver metastases, with reported accuracy rates as high as 90%[10-12] with both high sensitivity for detecting CRLM and high specificity for characterizing focal liver lesions. Conversely, US is notorious for its low specificity, and it is mostly unable to differentiate and characterize benign liver tumors, which have a prevalence as high as 20%[13,14]. The efficacy of CEUS in detecting liver metastases has been recognized by review papers and by recent international guidelines[1,15-19]. Nevertheless, caution is required, as with the implementation of all new techniques and procedures, and further detailed analysis is necessary before liver CEUS for CRLM detection can become integrated appropriately into the current diagnostic algorithms. In this review article, we aim to present the state of the art of the CEUS technique and its application in the detection of CRLM, along with a detailed analysis of the current literature. We also compare the CEUS technique with methodologies that have the highest diagnostic performance, such as CT, MRI and 18F fluorodeoxyglucose positron emission tomography (FDG-PET). Additionally, the diagnostic value of CEUS in patients with colorectal cancer is discussed in the context of guidelines issued by international associations[15] together with its limits and drawbacks.

LITERATURE RESEARCH

We performed a systematic literature search using the MEDLINE, EMBASE and COCHRANE databases, which we last accessed on July 2013. The MeSH headings used were as follows: CEUS, colorectal cancer, liver metastases, ultrasound, CT, MRI, and PET-CT. We limited the electronic search to English-language papers, and we reviewed the abstracts to find the relevant information, which were assessed in detail in the full text. Additionally, we reviewed the references of the papers we examined to identify other relevant reports.

NOTES ON THE STATE OF THE ART OF THE IMAGING APPROACH FOR CRLM DETECTION

Most authors recommend a multi-modality strategy for CRLM because no single modality can accurately detect all metastases[4,20]. 

Selection for surgical treatment of CRLM requires that the imaging criteria show complete resectability, which is based on the exact number, regional distribution, size and volume of the metastases and also the volume of the remaining liver[4]. CT is capable of accurately performing this task, and at present, CT is the mainstay for CRLM diagnosis because it offers high-resolution imaging (sub-millimeter) and reformatted images, which may enable the detection of small metastases. Furthermore, the delineation of the segmental localization of metastases by imaging the hepatic arterial and portal venous anatomy and the accurate volumetric measurement of tumor and normal liver achieved with CT are both crucial in the surgical planning of CRLM resection[4]. The reported sensitivity of contrast enhanced CT for liver metastases is 68%-85%[21-25]. Despite the high resolution of CT liver imaging, some reports have shown that this modality may still miss up to 20% of liver metastases[22,26]. Additionally, CT has several important drawbacks, including patient allergies to iodinated contrast agents, renal damage in patients with impaired renal clearance and the use of ionizing radiation.

The 2012 Dutch guidelines for the staging of CRC[27] reported a detailed, systematic survey on the imaging modalities used in all Dutch hospitals, including academic and tertiary institutions. In 52 hospitals (78.8% of the total surveyed), the first modality of choice for CRLM detection was CT, while US was the first modality of choice in 12 hospitals (18.2%). The second choice was US in 34 hospitals (51.5%) and CT in 11 hospitals (16.7%). MRI, FDG-PET and FDG-PET/CT were not frequently used as first or second choice modalities. The paper noted that in their detailed survey, only one hospital (3.2%) occasionally used contrast agents during ultrasound. The Dutch guidelines indicate either CT or MRI as the first choice for CRLM detection in staging[28]. 

MRI may have higher sensitivity rates than CT in CRLM[29-33], reported 70%-98%[24,34,35], and in rectal cancer, MRI is used for local staging[34,36]. Nonetheless, the use of MRI is limited due to a relative lack of operator expertise, its limited availability and high costs. Furthermore MRI cannot be performed in patients with claustrophobia, pacemakers, cardiac defibrillators, cochlear implants and ferromagnetic foreign bodies. Literature reports assessing different types of MRI contrast agents; non-specific gadolinium and liver-specific, hepato-biliary contrast agents Gd-BOPTA or reticulo-endothelial contrast agents SPIO, have showed higher diagnostic efficacy for SPIO[32,37-39]. Conversely, another study showed equal sensitivity between SPIO-enhanced MRI and Gd-BOPTA-enhanced MRI[40,41]. Some reports have claimed that the new diffusion weighted MRI techniques yield improved accuracy[42-44]. Recently, Frankel et al[45] reported that in their institution, the surveillance and staging imaging is performed with contrast-enhanced CT scans, and in cases where indeterminate lesions are encountered in the liver, MRI may then be used for their better characterization and to rule out the presence of any other lesions.

18F fluorodeoxyglucose positron emission tomography (FDG-PET), in combination with CT (PET-CT), has recently become more available, despite its very high cost, and some authors have reported it to be the most accurate modality available[9,46,47]. In fact CRC, FDG-PET and FDG PET/CT are accurate in detecting additional hepatic and extrahepatic metastases with a sensitivity of 90%-94.6%, often leading to upstaging and affecting management[9,38,47,48]. 

TECHNICAL ASPECTS OF CEUS

US contrast agents
The introduction and potential applications of US contrast agents represent a promising innovation that may radically change ultrasound examinations. US contrast agents (UCA) enable the display of the parenchymal microvasculature and the enhancement patterns of the liver lesions during all vascular phases in real time and in a continuous manner. This is unlike the pre-determined, fixed time points of contrast circulation, specifically, the arterial, portal venous, late and postvascular phases, which are used in contrast enhanced CT and MRI. The other important advantage of UCAs is that their circulation is confined within the vascular space, whereas CT and MRI contrast agents rapidly leave the blood and to pass into the extravascular space[15,49]. For this reason, UCAs persist in the liver much longer than the contrast agents used in CT and MRI. As they have a scanning time of approximately 5 min, UCAs allow the systematic scanning of the entire liver. The enhancement dynamics of lesions can be identified with a higher temporal resolution by CEUS than CT and MRI, and full operator control is possible. 

US contrast agents are microbubbles filled with gas and covered by a shell[15,49]. As their size is comparable to red blood cells, UCAs remain in the blood pool for approximately 5 min and can depict both the macrovasculature and the microvasculature. Presently, the following three UCAs are most commonly used[15]: (1) SonoVue® (sulfur hexafluoride with a phospholipid shell) Bracco SpA, which was introduced in 2001 in Milan, Italy, and is licensed in Europe, China, India, South Korea, Hong Kong, New Zealand, Singapore and Brazil; (2) Definity®/Luminity® [octafluoropropane (perflutren) with a lipid shell], which was introduced in 2001 by Lantheus Medical, Billerica, MA, United States, and is licensed in Canada and Australia; and (3) Sonazoid® (perfluorobutane with a phospholipid shell: hydrogenated egg phosphatidyl serine), which was introduced in 2007 by Daiichi-Sankyo, GE Tokyo, Japan, and is licensed in Japan and South Korea. Although they have different chemical compositions, they all have a similar behavior with regard to liver enhancement. The exception is Sonazoid®, which presents a “postvascular phase” whereupon after disappearing from the vascular pool, it persists for several hours in the liver and spleen, where it is phagocytized by Kupffer cells[15].

UCAs are considered safe by the guidelines[15], and no cardio-, hepato- or nephrotoxicity have been reported. In comparison with CT and MRI contrast agents, UCAs have a very low incidence of hypersensitivity events, and no deaths were reported in a series of over 23000 patients[50]. Therefore, if the examination is unsatisfactory, the injection can be repeated shortly afterwards.
EXAMINATION TECHNIQUE

CEUS examination for CRLM detection starts with the traditional B-mode US for an initial evaluation of the liver morphology and changes, such as steatosis or cirrhosis, with the eventual detection of lesions, including cysts, hemangiomas, fatty sparing and other suspicious hypoechoic lesions.

For CEUS, the ultrasound device has a contrast-specific US mode that is able to form images with the cancellation of the US signals from tissue and using only the signals from the microbubbles to generate the image[15]. To achieve this, the acoustic pressure is kept low. Accordingly, a low mechanical index (MI) of 0.3-0.05 and a low gain are used to avoid the generation of signals from tissues harmonics and to minimize the disruption of the microbubbles due to the pressure of the acoustic waves. Some authors also advise placing the patient on the left decubitus because it is claimed that in this position, the liver moves closer to the transducer in the subcostal site by 1 or even 2 cm[51,52]. This helps to overcome the limited penetration of US in low MI imaging. However, with current modern devices, image quality is markedly improved, even with very low MI (0.05). Additionally, the adequate cancellation of signals from tissues is achieved, with the nearly complete disappearance from the image of the parenchymal liver structures (the screen is nearly black). The image appears with the arrival of the UCA, which provides strong reflectors that mark the macro and micro-vascular structures. In real time, two contemporary images are available for analysis, one corresponding to baseline-US and another to a low-mechanical index examination.

With the use of Sonovue® UCA, generally a 2.4 mL bolus is administered with a fine catheter (20-guage), and this is followed by 10 mL flush of saline. The three phases of liver contrast enhancement are named in a similar fashion to CT and MRI scanning of the liver and are as follows: the arterial phase, in which the supply from hepatic artery arrives first and is predominant at 10 to 35 s after injection; the portal phase follows and becomes predominant between 45 to 120 s; and, finally, the late phase occurs after 120 s[52]. As in CT and MRI, the portal and late phases are the most useful vascular phases for detecting CRLM. The examination is recorded as a whole or in the form of sequential clips during the arterial, portal and late phases for later analysis, which can be performed on workstations. 

CEUS IMAGING FEATURES OF LIVER METASTASES

CEUS characterizes focal liver lesions in a similar fashion to contrast enhanced CT and MRI. Specifically, due to the characteristics of the appearance of UCA during the vascular phases, specific contrast-enhancement patterns are obtained for different liver lesions. By differentiating metastases from other liver lesions according to contrast enhancement patterns, such as in CT and MRI, CEUS may offer a high specificity for CRLM diagnosis. This is an absolute necessity in the context of the high prevalence of benign liver tumors, which has been reported to be more than 20% in autopsy studies[13,14]. Furthermore, studies have reported that 25%-50% of lesions smaller than 20 mm[53,54] and up to 80% of those smaller than 10 mm are benign[55].

CRLM are hypovascular and appear in CEUS images with a similar presentation to CT and MRI. During the arterial phase, metastases sometimes present as variable contrast enhancements that are usually tenuous and peripheral. This is because all liver metastases, either hypervascular or hypovascular, are supplied predominantly by arterial blood. 

In the portal and delay phases, dark defects with stark contrast in the enhanced liver indicate hypovascular CRLM. During these phases, hypoenhancement is characteristic of and common to all metastases, regardless of eventual enhancement in the arterial phase because the liver tissue retains the UCA, while the metastases present a rapid and marked “washout”. The observed hypoenhancement could also be due to the absence of portal supply to metastases and hence a lower vascular volume in the metastases compared with the liver parenchyma[56]. Incidental benign focal liver lesions can also present with hypoenhancement at CEUS and thus the careful evaluation of any lesion is required when the liver is examined for the first time. Rare false positive results have been reported with hypoenhancing lesions, such as abscesses or necrosis, old fibrous FNH, granulomas and inflammatory pseudotumors[15].
Rare cystic metastases can be differentiated from non-neoplastic complex cysts with CEUS by the evidence of vascular flow in thickened cyst walls or in mural nodules[52].

LITERATURE REPORTS ON CEUS EFFICACY FOR CRLM DETECTION

Presently, CEUS is a promising tool that has dramatically increased the capability of US for characterizing liver lesions. Accordingly, it has the potential to be incorporated into the diagnostic algorithm of CRLM and could possibly replace US. 

A number of studies (Table 1) have reported that CEUS has a considerably high sensitivity of up to 80%-90% in detecting liver metastases, and it is therefore comparable to CT[52]. Furthermore, some reports have shown that CEUS is especially sensitive for metastases smaller than 10 mm and can improve the sensitivity of US by up to an additional 50% (Figure 1)[51,57].

However, it is noteworthy that most of the studies have used imaging modalities, mostly CT examinations and sometimes CT, MRI, and intra-operative US, as standards of reference and for follow up, and very few reports have included histologic or pathologic confirmation. Nevertheless, as CT and MRI are the modalities of choice for CRLM detection, comparison of CEUS with these techniques seems reasonable for practical purposes in evaluating the efficacy of CEUS (Figure 2). On the other hand, in clinical studies, histologic confirmation is sometimes difficult due to ethical limitations.

An early study by Bernatik et al[58] in 2001 investigated the diagnostic yield of CEUS compared to helical CT in the detection of liver metastases without a histological diagnosis. They found that CEUS showed 97% of the lesions seen by CT. Table 1 summarizes the results of the relevant studies published from 2001 to July 2013. The first encouraging results were subsequently confirmed by a series of studies in the following years, during which time the improvements in US devices and the quality of imaging with lower MI and better contrast and resolution have continued. It is also noteworthy that CT and MRI technology has also improved during this period and now offer better diagnostic accuracy. In a clinical study, Piscaglia et al[50] examined 109 patients with colorectal cancer (n = 92 patients) and gastric cancer (n = 17 patients) with US, CEUS and CT. As the gold standard, CT, histopathology or follow up was used. CEUS improved sensitivity for the detection of liver metastases from 76.9%, as obtained by US, to 95.4%, whereas CT had a sensitivity of 90.8%. In 15 patients (13.8%), CEUS revealed more metastases than CT, while CT revealed more metastases than CEUS in 9 patients (8.2%). The authors concluded that “Findings at CEUS and CT appear to be complementary in achieving maximum sensitivity”.

In 2010, Cantisani et al[59] published a case series of 110 patients with suspected hepatic metastases from CRC and who were evaluated prospectively with US, CEUS and CT by two independent readers. The gold standard of reference was IOUS (n = 45) or a follow-up of at least 6 mo with MDCT or Gd-BOPTA-enhanced MRI. On a patient-by-patient analysis, CEUS improved US sensitivity from 67.4%-71.6% to 93.4%-95.8%. On a lesion-by-lesion analysis, CEUS improved the sensitivity of US from 60.9%-64.9% to 85.3%-92.8% and increased its specificity from 50%-60% to 76.7%-83.3%.

In 2010, Marinetti et al[46] studied 34 patients with 57 hepatic lesions and found that Gd- and SPIO-enhanced MRI was the most accurate modality for the identification of CRLM, while PET/CT was the most sensitive. Additionally, both of them performed better than CT and CEUS. The gold standard included surgical findings and MDCT follow-up. Muhi et al[60] compared the accuracy of contrast-enhanced CT, CEUS, superparamagnetic iron oxide-enhanced MRI (SPIO-MRI), and gadoxetic acid-enhanced MRI (Gd-EOB-MRI) for CRLM detection in 111 CRC patients. They found that Gd-EOB-MRI (sensitivity 95%) and SPIO-MRI were more accurate than CT and CEUS, particularly for lesions ≤ 1 cm, but that CEUS was more sensitive than CT (73% vs 63%).

In 2010, Cabassa et al[61] performed a detailed systematic review on published CEUS research for liver metastasis, which included an extensive search of the literature. Out of 14 eligible papers, only three articles fulfilled the quality assessment, and these comprised a total of 450 patients (patient sample number: range 12-365; cancer prevalence: 14.8%-71.2%). The estimated per-patient sensitivity ranged from 79%-100%, but a meta-analysis was not carried out because of the lack of eligible studies. The authors concluded that “CEUS seems to be promising in the detection of liver metastases; however, there have not been enough studies to conduct meta-analysis. Further studies are required before this promising method can be widely used”. 

In 2013[19], a very detailed analysis of 19 selected eligible studies on liver CEUS with SonoVue that were judged to be of a low risk of bias was published. CEUS performed equally to liver CT and MRI in the surveillance of cirrhosis and the characterization of incidentally detected focal liver lesions but was more cost effective. For CRLM detection, CEUS had a similar cost and efficacy as CT but was superior to MRI. However, the authors also detailed numerous limitations of the analyzed studies and concluded that further research is required to verify the economic aspects and to accurately compare the efficacy of CEUS, CT and MRI, on therapeutic planning, treatment and clinical outcomes.

Intra-operative CEUS also seems to be a viable and successful technique, as shown in a report by Itabashi et al[62] in 2013. In that study, out of a total of 454 patients who were examined with intra-operative CEUS, CRLM was detected in an additional 71 patients compared to intra-operative US.
LIMITATIONS OF CEUS

Although CEUS may be considered an effective technique, as reported above, it still presents the same important drawbacks of every US examination, including operator dependency, and has limitations in obese patients, non-compliant subjects, and in cases with abundant meteorism or intestinal interposition. For these reasons, if the B-mode US is unsatisfactory, the subsequent CEUS examination will be suboptimal. 

A specific limitation of CEUS in studying the liver is that usually only lesions larger than 3-5 mm are detectable. This is due to the limited spatial resolution of CEUS images[63] and, as such, very small metastases may be missed. The US study of the subdiaphragmatic liver by subcostal scanning is sometimes inadequate, especially in patients with a high lying diaphragm (eventratio diafragmatica), or in cases where there is the interposition of the intestine. To avoid missing metastases in these high locations, a meticulous operator is required. Specifically, during the temporal span of contrast presence in liver, the operator must switch to intercostal scanning and also reposition the patient onto the left decubitus. Liver steatosis, which is often induced by chemotherapy, can also be an important limitation in CEUS imaging, as its presence can increase the possibility of missing deep-seated metastases. In these cases, the operator must routinely try to bring the deeper parts of the liver closer to the transducer with left lateral decubitus positioning and intercostal scanning. As such, CEUS needs considerable operator expertise to avoid variations in results, and training is required. Additionally, CEUS may not accurately delineate the segmental localization of metastases and their 3D-shape, and for this reason, its utility in surgical assessment is limited. Even with the recent use of PACS, image documentation and review for CEUS examination still lags behind the exact documentation used in CT and MRI. As such, making accurate comparisons with old CEUS studies and following up suspected liver lesions can be more challenging with the current US and CEUS documentation. 

ROLE OF CEUS IN THE MANAGEMENT OF CRC PATIENTS

An indisputable advantage of CEUS is its superior accuracy in comparison with US (Table 1). Accordingly, any US liver evaluation in a CRC patient with a known or suspected diagnosis should be a CEUS examination. The metastases missed by US are unacceptable in the management of the CRC patient, both in terms of success of treatment and of costs. The EFSUMB guidelines for CRLM detection, which were updated in 2012[15], state that the use of CEUS is recommended for the following indications: (1) To characterize indeterminate (usually small) lesions shown on either CT or MRI; (2) To “rule out” liver metastases or abscesses unless conventional ultrasound shows typical findings; (3) For treatment planning in selected cases to assess the number and location of liver metastases, either alone or complementarily with CT and/or MRI; and (4) Surveillance of oncology patients where CEUS has previously been useful. It was also recommended that unenhanced US should be replaced with CEUS for the evaluation of liver metastases in colorectal cancer patients after chemotherapy. Finally, the EFSUMB guidelines recommend the use of intra-operative liver CEUS in “the detection of liver metastases in all patients undergoing liver resection” and in “the targeting of occult lesions for ablation therapy for patients undergoing combined liver resection and ablative therapy”.

The immediateness of diagnosis that CEUS offers when a suspected liver lesion is revealed during a US examination is particularly notable. This is usually accompanied by patient satisfaction, as they do not need to make another appointment for a CT or MRI exam or suffer the anxiety of waiting in uncertainty.

However, for surgical planning, the comprehensive information offered by CT and MRI cannot be achieved with CEUS.

Furthermore, as reported by Bolondi[64], although at present the use of CEUS is largely accepted in clinical practice and the technique has been implemented in most centers for more than a decade, its exact allocation in the diagnostic algorithm has not yet been established. Many reasons may explain this. For example, most clinicians still consider CEUS as a supplement to CT and MRI, and they still prefer the latter because as with any ultrasound technique, it has several limitations, as reported above, and may not contribute as promptly to staging as CT. 

CONCLUSION

According to the data present in Literature and as reported by EFSUMB Guidelines, CEUS should be the correct replacement of baseline US in every occasion where US is normally employed to follow patients suspected to develop CRLM. CEUS should also be a valuable alternative when a contrast study is needed and CT and MRI contrast are contraindicated, as in kidney failure patients, and also in case of inconclusive MRI/CT. 

However, at times, the impossibility to study, with absolute certainty, the entire liver, and the inadequateness of the US to stage extra-liver colo-rectal metastases do not permit to recommend CEUS as a real alternative in colo-rectal patients preoperative staging but only, modifying the Bipat assertion, CEUS is highly efficient in helping to distinguish between two groups of patients with liver metastases: the group of patients with diffuse metastases who are no longer eligible for curative treatment and the group with no metastases or a very limited number of them. The patients in the latter group require CT, MR imaging, or FDG PET for the selection of appropriate therapeutic approaches. 
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Figure Legends
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Figure 1  Baseline ultrasound did not detect any lesion (A), while contrast enhanced ultrasound clearly showed one hypoenhancing lesion (B) (arrow). 
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Figure 2  Both contrast enhanced ultrasound (A), (arrow showing the metastases) and BOPTA-enhanced magnetic resonance imaging detected a liver metastasis (B).
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Table 1  Clinical studies of contrast enhanced ultrasound efficacy for liver metastases detection, in comparison with ultrasound


Ref.


�
patients


(n)�
Standard of reference


�
Sensitivity


�
Specificity


�
�
�
�
�
US


�
CEUS


�
US


�
CEUS


�
�
Itabashi et al[62], 2013


�
454


�
Pathology


�
Intra-operative CEUS found 71 CRLMs that were not detected at preoperative imaging


�
�
Muhi et al[60], 2011


�
106


�
Histology, follow up CT, SPIO/ GdEOB MRI


�
-


�
73


�
-


�
-


�
�
Cantisani et al[59], 2010


�
110


�
IOUS, CT, follow up CT, MRI


�
71.6


�
95.8


�
60.0


�
83.3


�
�
Larsen et al[65], 2009


�
365


�
Histology, follow up CT


�
-


�
80


�
-


�
98.0


�
�
Piscaglia et al[66], 2007


�
107


�
CT, FNA, follow up


�
0.77


�
0.95


�
-


�
-


�
�
Konopke et al[57], 2007


�
100


�
IOUS


�
0.56


�
0.84


�
0.93


�
0.84


�
�
Larsen et al[67], 2007


�
365


�
FNA, CT, IOUS


�
0.69


�
0.80


�
0.98


�
0.98


�
�
Janica et al[68], 2007


�
  51


�
CT, FNA, follow up


�
0.63


�
0.90


�
-


�
-


�
�
Dietrich et al[69], 2006


�
131


�
CT, MRI, FNA, follow up


�
0.81


�
0.91


�
-


�
-


�
�
Quaia et al[70], 2006


�
253


�
FNA, CT, MRI, IOUS


�
0.40


�
0.83


�
0.63


�
0.84


�
�
Konopke et al[71], 2005


�
  56


�
IOUS, FNA, CT


�
0.53


�
0.86


�
0.89


�
0.89


�
�
Oldenburg et al[72], 2005


�
  40


�
CT, MRI


�
0.69


�
0.90


�
-


�
-


�
�
Albrecht et al[73], 2003


�
123


�
CT, MRI, IOUS, FNA


�
0.94


�
0.98


�
0.60


�
0.88


�
�
Solbiati et al[11], 2001


�
  32


�
CT


�
-


�
21 out of 32, 94 more metastases than US


�
-


�
-


�
�
Bernatik et al[58], 2001


�
  28


�
CT


�
0.59


�
0.97


�
-


�
-


�
�
Albrecht et al[74], 2001


�
  62


�
CT, MRI, IOUS, FNA


�
0.92


�
0.97


�
-


�
-


�
�
IOUS: Intra operative ultrasound; SPIO-MRI: Superparamagnetic iron oxide-enhanced magnetic resonance imaging; Gd-EOB-MRI: Gadoxetic acid-enhanced magnetic resonance imaging; CT: Computed tomography; FNA: Fine needle aspiration; US: Ultrasound; CEUS: Contrast enhanced ultrasound.























