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Abstract 

Background and aim: Transabdominal ultrasonography (US) is commonly used for the initial screening of bilio-pancreatic 

diseases in Asian countries due to its widespread availability, the non-invasiveness and the cost-effectiveness. However, it is 

considered that US has limits to observe the area, namely the blind area. The observation of the pancreatic tail is particularly 

difficult. The goal of this study was to examine the pancreatic tail region that cannot be visualized on transverse scanning of the 

upper abdomen using US with spatial positional information and factors related to visualization, and observation of the tail from 

the splenic hilum. 

Methods: Thirty-nine patients with pancreatic/biliary tract disease underwent CT and US with GPS-like technology and fusion 

imaging for measurement of the real pancreatic length and the predicted/real unobservable (PU and RU) length of the pancreatic 

tail. RU from US on transverse scanning and the real pancreatic length were used to determine the unobservable area (UA: RU / 

the real pancreatic length). Relationships of RU with physical and hematological variables that might influence visualization of 

the pancreatic tail were investigated. 

Results: The real pancreatic length was 160.9±16.4 mm, RU was 41.0±17.8 mm, and UA was 25.3±10.4%. RU was correlated 

with BMI (R=0.446, P=0.004) and waist circumferences (R=0.354, P=0.027), and strongly correlated with PU (R=0.788, 

P<0.001). The pancreatic tail was visible from the splenic hilum in 22 (56%) subjects and was completely identified in 13 (33%) 

subjects. 

Conclusions: Combined GPS-like technology with fusion imaging was useful for the objective estimation of the pancreatic blind 

area. 
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1. Introduction

Transabdominal ultrasonography (US) is still considered useful for the initial screening, medical examinations and general 

clinical practice in Japan and other countries because of its convenience, non-invasiveness, cost-effectiveness and real-time 

imaging [1, 2]. In fact, US is commonly used as first choice for biliary and pancreatic disease in particularly Asian countries, so 

that US plays a key role. Recent developments in technology including tissue harmonic imaging and contrast harmonic imaging 

have improved the spatial resolution and contrast resolution of US [3-7]. US allows real-time imaging, but is examiner-dependent 

and has limited objectivity. Thus, methods for synchronization of US with other imaging methods in real time (fusion imaging), 

and functions that marks a region of interest (ROI) and track a spatial point (global positioning system (GPS)-like technology) 

have been developed and may be useful for navigation in percutaneous radiofrequency ablation (RFA) in liver tumor treatment 

[8-13]. These functions facilitate positioning in US and improve the objectivity. On the other hand, it is still difficult to observe 

the pancreatic tail by US and tumors in the pancreatic tail may not be found until an advanced stage in which the patient feels ill 

and visits a hospital. It is because of the limits of US, namely a blind area due to the presence of intestinal gas and fat. It is 

essential that US examiners precisely recognize the pancreas area that can be covered using US. However, an objective study of 

the blind area in visualization of the pancreatic tail on US has not been performed. Therefore, we investigated factors that 

influence visualization of the pancreatic tail using US with GPS-like technology and fusion imaging.  

2. Materials and methods

2.1. Patients 

The subjects were 39 patients (male: 21, female: 18, 36 to 80 years old, mean age: 62.8 years old) out of 61 consecutive 

patients with pancreatic/biliary tract disease who were hospitalized for examination and underwent multidetector-row computed 

tomography (MDCT) and US with GPS-like technology and fusion imaging between November 2011 and January 2013. Of the 61 

patients, 22 met the following exclusion criteria that might influence observation of the pancreatic tail: (1) lesion in the pancreatic 

tail, (2) atrophic change of the pancreatic tail, (3) dilation of the main pancreatic duct >5 mm, (4) chronic pancreatitis with stones, 

(5) unobservable spleen, (6) abdominal surgery, and (7) ascites. Of the 39 subjects, 14 had a tumor in the pancreatic head and 
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body, 13 had a duodenal papillary tumor (including disease treated with endoscopic therapy), 2 had a duodenal tumor, 8 had 

gallstone cholecystitis and gallbladder cancer, 1 had chronic pancreatitis, and 1 had hilar cholangiocarcinoma. Detail 

characteristics of the 39 patients are shown in Table 1. 

Physical and hematological factors that might influence visualization of the pancreatic tail were examined on admission. The 

physical variables included age, height, body mass index (BMI) and waist circumference; and the hematology data were indicators 

for glucose and lipid metabolism, total protein (TP), albumin (Alb), cholinesterase (ChE), triglyceride (TG), total cholesterol 

(T-C), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), free fatty acid (FFA) and 

glycosylated hemoglobin (HbA1c) [14-16]. Waist circumference was defined as the paraumbilical circumference based on 

NCEP-ATIII [17] and AHA/NHLBI [18] guidelines. 

After routine US, the real pancreatic length and the blind area of the pancreas were investigated using US with GPS-like 

technology and CT-fusion imaging. Subsequently, factors related to the area that could not be visualized by routine US and 

observation of the pancreatic tail from the splenic hilum were evaluated. US was performed by a single experienced examiner 

with the patient in a supine position with the hands above the head. Written informed consent was obtained from all patients. This 

study was approved by IRB (institutional review board) of our hospital and registered as No. 000009285 at UMIN-CTR 

(University hospital Medical Information Network – Clinical Trials Registry). 

2.2. Definition of terms 

The non-visible region of the pancreatic tail by US in transverse scanning of the upper abdomen (transverse scanning) was defined 

as the real unobservable length of the pancreatic tail (RU). The ratio of RU to the real pancreatic length was defined as the 

unobservable area (UA). The pancreatic tail end visualized by transverse scanning was defined as the target point (TP). To 

estimate RU by US with GPS-like technology, but not fusion imaging, the length from TP to the splenic hilum region was defined 

as the predictive length of the unobservable area (PU). For simplicity, TP and PU were labeled as TP-US/CT and PU-US/CT 

(depending on the image on which TP marked or PU measured). 

2.3. Equipment and volume navigation system 
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Ultrasonography was performed using a Logic E9 system (GE Healthcare) (Fig. 1) and a transmitter generating magnetic 

fields set on the bedside close to the left hypochondriac region. The probe was the convex type for the abdomen (4 MHz, C1-5) 

with an attachment for installation of two magnetic sensors. The probe position and direction were detected in real time by 

detecting the transmitter-generated magnetic field with a sensor installed in the probe. CT data obtained by MDCT prior to the 

study were transferred to the ultrasonograph system in accordance with digital imaging and communication in medicine (DICOM) 

guidelines. Positional information for the ultrasonic probe and volume data corresponding to this information were reconstructed 

as CT-multiplanar reconstruction images using the volume navigation (V-Nav) built-in software. This allowed display of CT 

images in parallel to the right of the US image in real time (frame rate >10 /s) (fusion imaging technique) and GPS-like 

technology to track the spatial point. Registration is done by defining a common plane plus one additional, common point. 

The fusion imaging technique displays a real-time US image on the left and a CT-MPR image synchronized with the US image 

on the right. Spatial positioning is achieved using a GPS marker on the screen that indicates the accuracy. The marker is displayed 

as a large square if it is distant from the correct position, as a small square if closer, and as a cross if it corresponds exactly with 

the correct position (Fig. 2a). The marker is displayed on the US and CT images. CT volume data in 0.5-mm slices were used to 

facilitate recognition of the pancreatic parenchyma using 64-slice MDCT with iohexol. 

 

2.4. Measurement of the length of the pancreas 

 

The real pancreatic length was measured using US with GPS-like technology and CT-fusion imaging. The length of the 

pancreatic head and pancreatic body and tail were measured in CT cross-sectional images. The junction (confluence) of the 

superior mesenteric and splenic vein was identified by transverse scanning in CT-fusion images. The pancreatic parenchyma on 

the abdominal side was visualized and a GPS marker was positioned at the center of the pancreatic parenchyma on the left margin 

of the portal vein in the CT-fusion image. The GPS marker was also displayed on the US image (Fig. 2b). Next, in the CT fusion 

image showing the papillary region in which the pancreatic duct joined the common bile duct, the probe position, degree and 

rotation were manipulated to change the square GPS marker into a cross. The length from the marker to the papillary region 

(pancreatic head length: A) was then measured (Fig. 2c). Display of the GPS marker as a cross indicates accurate spatial 

positioning of the marker on the US and CT images, although the probe position and direction differ from those of the images. 

Subsequently, the pancreatic tail end was visualized on the CT-fusion image and the length from the marker to the pancreatic tail 
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end (pancreatic body and tail length: B) was measured while maintaining the marker as a cross (Fig. 2d). The total length of A and 

B was defined as the real pancreatic length. 

 

2.5. Measurement of the blind area of the pancreas 

 

In transverse scanning, the pancreatic end visualized by US was defined as the target point (TP) and marked on the US image 

using GPS-like technology (Fig. 2e). TP-US marked on the US image was also marked on the corresponding CT-fusion image 

(TP-CT), thus allowing the position of a region that could be visualized by US to be confirmed in the CT-fusion image. In 

observation of the pancreatic tail from the splenic hilum by left intercostal scanning, the marker indicated the spatial position in 

US and CT-fusion images and the TP position marked in observation of the pancreatic tail by transverse scanning were confirmed. 

The pancreatic tail that could not be visualized by US in transverse scanning was confirmed by left intercostal scanning using 

CT-fusion imaging and the distance from TP-CT to the pancreatic tail end (RU) was measured on the CT-fusion image (Fig. 2f). 

Similarly, the distance from TP-US to the splenic hilum region (PU-US) was measured on the US image (Fig. 2f) and that from 

TP-CT to the splenic hilum (PU-CT) was measured on the CT-fusion image (Fig. 2f). The ratio of RU to the real pancreatic 

length (UA) was calculated from these data. 

To evaluate the effect of pancreatic duct dilation on visualization of the pancreatic tail, the subjects were divided into two 

groups based on the maximum diameter of the main pancreatic duct: i.e., those with a maximum diameter >3 mm in the pancreatic 

body and tail were considered to have pancreatic duct dilation. The accuracy of the CT-fusion imaging technique was also 

evaluated by comparing PU-US in US images with PU-CT in CT-fusion images, and the mean and range of absolute differences 

were measured. 

 

2.6. Visualization of the pancreatic tail by left intercostal scanning 

 

Generally, visualization of the pancreatic tail from the splenic hilum region is necessary to detect a targeted-lesion in the 

pancreatic tail. The effectiveness of this visualization in US was evaluated based on classification of images into three groups in 

which the pancreatic tail (a) could be identified between TP-US and the splenic hilum, (b) could not be identified clearly, but was 

suspected to present, and (c) could not be observed due to intestinal gas (Fig. 3). A targeted-lesion in the pancreatic tail is often 
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visible although the pancreatic tail itself cannot be identified. Therefore, cases in categories (a) and (b) were considered to be 

positive for visualization of the pancreatic tail, whereas those in (c) were negative.  

 

2.7. Reevaluation of the location of TP and classification of visualization of the pancreatic tail  

 

The validity of the TP position and the classification of visualization of the pancreatic tail from the splenic hilum region into 3 

groups were reevaluated by two gastroenterologists with more than 10 years of experience in US (estimators). Only the US image 

of the pancreatic tail obtained by transverse scanning was given to the estimators and the limit of visualization of the pancreatic 

tail (TP of the estimators) was marked by the estimators. The distances between the marks (yellow and red) of the two estimators 

and the cross mark (green) of the examiner were measured perpendicular to the direction of the long axis (Fig. 4). When TP of the 

examiner was set at 0, the distances to the papillary region and tail were regarded to be positive and negative, respectively. RU of 

the estimators was determined by adding the difference in the distance between TP of the estimators and TP of the examiner. The 

consistency of RU between the examiner and two estimators was evaluated to estimate the reliability of TP of the examiner. To 

examine visualization of the pancreatic tail from the splenic hilum region, US images from this region were given to the 

estimators, classified into 3 categories, and accepted if at least 2 of 3 persons (an examiner and two estimators) had the same 

classification, but considered unobservable if all 3 persons had different evaluations.  

 

2.8. Statistical analysis 

 

Factors related to RU were evaluated by Pearson test for data with a normal distribution and by Spearman test for those with a 

non-normal distribution. Means of variables were compared based on sex, the presence or absence of pancreatic duct dilation, and 

PU-US and PU-CT by t test and Mann-Whitney U test. To evaluate the reliability of TP between one examiner and two estimators, 

an intraclass correlation coefficient (ICC) (2, 3) was used for the consistency of RU among 3 persons using the criteria of Landis 

et al. [19]: r < 0, no agreement; 0-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, 

substantial agreement; and 0.81-1.0, almost perfect agreement. Analyses were performed in SPSS ver.20 and P < 0.05 was taken 

to indicate a significant difference. 
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3. Results 

 

There were significant sex differences in height and weight, and HDL-C was significantly higher in females. There were no 

significant differences in age, BMI, waist circumference and other hematological parameters. The mean length of the pancreas, 

RU, UA, PU-US, and PU-CT are shown in Table 2. The mean length of the pancreas was 160.9±16.4 mm (128-203 mm), the 

mean RU was 41.0±17.8 mm, and the mean UA was 25.3±10.4%; i.e., about 25% of the length of the pancreas could not be 

visualized. The pancreas tended to be longer in males, but with no significant difference. There was also no sex difference in RU 

and UA, but PU-US and PU-CT were significantly longer in males. 

Slight pancreatic duct dilation was present in 10 subjects. Physical findings and US findings did not differ significantly 

between patients with and without pancreatic duct dilation. RU had correlations with BMI (R=0.446, P = 0.004) and waist 

circumference (R=0.354, P = 0.027), but no correlations with hematology data (Fig. 5). The mean values of PU-US and PU-CT 

did not differ significantly (0.6 mm). The mean absolute difference between PU-US and PU-CT was 4.3 mm (range: 0-16.6 mm). 

PU-US had a strong correlation with RU (R=0.788, P < 0.001; linear regression equation: y = 0.887x-5.125, R2 = 0.62). RU was 

estimated from PU-US. PU-US was 52.0±15.8mm and was longer than RU by about 1 cm. The confidence coefficient of RU 

among the 3 persons (the examiner and two estimators) was r = 0.926, indicating almost perfect agreement. 

The pancreatic tail was observable by left intercostal scanning in 56% (22/39) of the subjects and could be completely 

identified in 33% (13/39) (Table 3). A comparison of variables between subjects in whom the pancreatic tail was and was not 

observable showed that TG was significantly higher in the observable group with Mann-Whitney U test. 

  The results of this study showed that RU (real unobservable length of pancreatic tail) was about 40 mm and that about 25% of 

the pancreas could not be visualized in US. RU was positively correlated with BMI and waist circumference. 

 

4. Discussion 

 

US is a simple method with non-invasiveness that has become increasingly useful for lesion detection due to developments in 

technology. US can be used for real-time observation of hemodynamics with contrast agents and observation of lesion hardness 

with the elastography technique, which open up the possibility of using US for qualitative diagnosis [3-7, 20]. However, some 

regions are unobservable in US and the pancreatic tail is a particularly problematic region due to the presence of intestinal gas and 
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fat. US is useful for lesions in the pancreatic head and body by direct visualization of the tumor and indirect findings of pancreatic 

duct dilation and biliary dilation. However, it is difficult to visualize lesions in the pancreatic tail using US, in contrast to CT and 

MRI. The invisible area in the pancreatic tail on US has not been examined previously and detection of the pancreatic limit of US 

is important for objective evaluation of visualization of the pancreatic tail. 

In this study, GPS-like technology and CT-fusion imaging were used for objective evaluation of visualization of the pancreatic 

tail by US. The fusion image technique provides objectivity in US and may be useful in RFA therapy for liver cancer [8-13]. This 

technique is particularly useful for sites that are difficult to observe by US and for lesions that cannot be visualized, and is also 

useful in other fields [21-23]. Nakano et al. [22] showed that the sensitivity for preoperative detection of breast tumors by MRI 

and real-time virtual sonography was better than that for US or MRI alone, and Khalil et al. [23] found that US fusion in 

CT-guided biopsy improved diagnostic performance and the accuracy of bone tumor detection, with a consequent reduction in 

biopsy time. These results were obtained by fusion techniques that enhanced the advantages of imaging modalities and 

compensated for weaknesses. Basic and clinical studies have shown the accuracy of GPS-like technology and image fusion [12, 

24, 25]. Schlaier et al. [24] found fusion accuracy of 1.08±0.61 mm, and Kitada et al. [12] showed that the error between a 

puncture line and the tumor center in RFA therapy was 1.6 mm. 

In visualizing the pancreatic tail by transverse scanning, compression of the abdominal wall may cause differences in location 

on CT. However, a deep organ such as the pancreas has less positional change than the body surface. Sofuni et al. [26] evaluated 

the usefulness of CT fusion imaging in the field of biliary and pancreatic diseases. The difference between the mean PU-US and 

PU-CT was only 0.6 mm and the mean absolute difference was 4 mm, which was slightly lower in accuracy than that in previous 

studies. This difference is due to the large change in the pancreatic tail position due to respiration. PU-US and PU-CT were 

significantly longer in males than in females, and the length of the pancreas tended to be longer in males, but with no significant 

difference. There is more visceral fat in men and this may have an effect on PU.  

US is also considered to be less objective due to technical differences among examiners. TP in examination of the pancreatic 

tail depended on observers and TP of the estimators differed in the current study. To evaluate the TP validity, the difference 

between TP of the examiner and the points marked by the two estimators was measured and RU was estimated. Using ICC (2, 3), 

the confidence coefficient was r = 0.926, indicating that the TP position of the examiner was valid. 

The mean pancreatic length in our subjects was 160.9±16.4 mm (128-203 mm). Wilasrusmee et al. [27] examined the 

pancreatic and bile duct and the pancreatic form in autopsy specimens of 103 Thai patients with a cause of death unrelated to 
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trauma or pancreatic/biliary tract disease. The mean directly measured pancreatic length was 156±18mm (109-190 mm), which 

was similar to that in our study. In measurements in healthy men using CT cross-sectional images, Schulz et al. [28] found a mean 

pancreatic length of 129.3±16 mm, which was shorter than that in our study. The pancreas is not linear, since the head expands 

vertically and the body extends leftward, followed by the tail in the direction of the left back side with a further slope. Therefore, 

the length may be shorter in simple CT. Pochhammer et al. [29] found a pancreatic length of 80 mm visualized by US but 

unobservable area was not mentioned. The results of this study showed that RU was about 40 mm and that about 25% of the 

pancreas could not be visualized in US. RU was positively correlated with BMI and waist circumference, but not with 

obesity-related hematological findings. Halle et al. [16] found significant differences in TG and subfractions of lipoprotein levels, 

but not in total LDL-C and HDL-C at BMI≥25. In the current study, 12 subjects had BMI≥25, but the lipoprotein fraction of 

LDL-C and HDL-C was not evaluated. TG had no correlation with RU, but TG was significantly lower in subjects in whom the 

pancreatic tail could not be visualized by left intercostal scanning. These results suggest an effect of lean body type on 

visualization, but an effect of pancreatic/biliary tract disease on lipid metabolism also cannot be ruled out. 

In clinical practice, it is difficult to know the extent to which the pancreatic tail can be observed by US. GPS-like technology 

requires no preparation in advance and is easy to use simultaneously with US; therefore, PU is useful for prediction of RU. 

Furthermore TP might be useful of early detection of the tumor of the pancreatic tail because it is easier to predict the location of 

the pancreatic tail in visualization by left intercostal scanning, even though the pancreatic tail cannot be identified.  

The study has several limitations. First, the result of this study was limited by the small patient sample size. The outcome 

obtained from this study showed the preliminary information for observable limits of the pancreas using US in clinical practice. 

Larger number of patients’ data are necessary to confirm our data. Second, CT images were collected in a supine position and 

visualization of the pancreatic tail may be improved by postural changes. Lastly, contrast-enhanced CT was conducted in patients 

due to ethical considerations and the subjects were elderly; therefore, the results may not correspond to those in healthy younger 

persons. Thus, despite this study’s limitations, this is the first investigation of the visibility of the pancreatic tail using US with 

GPS-like technology and CT-fusion imaging. 

 

5. Conclusion 

 

Combined GPS-like technology with fusion imaging gave the basic information essential in the examination of pancreas using 
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US. The clinical usefulness remains unclear and the validity of this technique requires further investigation.   
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Figure legends 

Figure 1. Volume Navigation system. 

US was performed using a LogicE9 system (GE Healthcare) equipped with real time fusion imaging and GPS-like technology 

using a position sensor in the magnetic field. Magnetic field generator (arrow), Sensor (arrowhead).  

US: transabdominal ultrasonography, GPS: global positioning system 

Figure 2. Measurements of pancreatic length and blind area using GPS-like technology and CT-fusion imaging. 

(a) CT fusion technique for direct comparison of the lesion in different modalities and depiction in any section. GPS markers were 

marked on both US and CT-fusion image. The size of square (□) means the distant from set position. The plus (+) means the 

corresponding with set position. 

(b) GPS marker was marked at the center of the pancreatic parenchyma on the left side of the confluence of the splenic and 

superior mesenteric veins on CT-fusion image. 

(c) The length of the pancreatic head (A); measured the length from the Vater papilla (the confluence of MPD and common bile 

duct) to GPS marker on CT-fusion image. 

(d) The length of the pancreatic body and tail (B); measured the length from GPS marker to the edge of the pancreatic tail on 

CT-fusion image. 

(e) The observable limitation point of the pancreatic tail on US (target point: TP-US) was marked by using 

position-sensor-function (left) and TP-CT was automatically marked on CT-fusion image (right). 

(f) ①Real unobservable area of the pancreatic tail: RU; the length from TP-CT to the edge of the pancreatic tail was measured on 

CT-fusion image. ②Predictive length of unobservable area on US : PU-US ; the length from the splenic hilum to TP-US in left 

intercostal view was measured on US. ③Predictive length of unobservable area on CT : PU-CT; the length corresponding with 

PU-US was measured on CT-fusion image. 

Figure 3. Visualization of the pancreatic tail from the splenic hilum region on US image. 

The pancreatic tail was observed on US image while referring to target point (TP)-US, TP-CT and CT-fusion image in left 

intercostal scan and it was determined three types of view;  

(a) The pancreatic tail was identified between TP-US and the splenic hilum, 
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(b) The pancreatic tail was not identified but the existence of it was suspected on US image, 

(c) The pancreatic tail was not identified and the existence of it was not suspected due to gas in the intestinal tract. 

Figure 4. Difference in the distance between TP of the estimators and TP of the examiner. 

Target point (TP): Green cross was marked at the observable limitation point of the pancreatic tail on US by the examiner. Yellow 

and red circles were marked by other two expert gastroenterologists on US image only after the examination. The distances 

between the marks (yellow and red) of the two estimators and the cross mark (green) of the examiner were measured 

perpendicular to the direction of the long axis.  

Figure 5. Correlation between measurement parameters and physical parameters.  

Correlations with parameters were shown in these figures. RU with BMI (Pearson R=0.446, P=0.004) and waist circumference 

(R=0.354; P=0.027), PU-US with PU-CT (R=0.904; P<0.0001), and RU with PU-US (R=0.788; P<0.001). 
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Table 1  

Clinical characteristics of the 39 Patients.

Case Sex Age,yr Diagnosis 
Tumor   

Size(mm) 

Tumor 

Location 

Diameter 

of MPD(mm) 

1 Male 77 Pancreatic carcinoma 25 Body <3.0 

2 Female 66 IPMN 30 Head <3.0 

3 Female 59 IPMN 40 Head 3.0 

4 Male 53 IPMN 22 Body <3.0 

5 Male 39 SPN 20 Body <3.0 

6 Male 68 Adenoma of the major duodenal papilla, POST ‐ ‐ <3.0 

7 Male 70 Adenoma of the major duodenal papilla, POST ‐ ‐ <3.0 

8 Female 58 IPMN 14 Head 3.0 

9 Male 45 Adenoma of the major duodenal papilla, POST ‐ ‐ <3.0 

10 Male 41 Paraganglioma ‐ ‐ <3.0 

11 Female 79 Tumor of the major duodenal papilla, PRE ‐ ‐ <3.0 

12 Male 56 Cholelithiasis ‐ ‐ <3.0 

13 Female 71 IPMN 46 Body 4.6 

14 Male 68 Cholelithiasis ‐ ‐ <3.0 

15 Male 61 Pancreatic carcinoma 14 Body 4.1 

16 Female 72 Paraganglioma ‐ ‐ <3.0 

17 Female 80 Perihilar cholangiocarcinoma ‐ ‐ <3.0 

18 Male 56 Adenoma of the major duodenal papilla, POST ‐ ‐ <3.0 

19 Female 60 Tumor of the major duodenal papilla, PRE ‐ ‐ <3.0 

20 Female 48 Duodenal polyp ‐ ‐ <3.0 

21 Male 63 Tumor of the major duodenal papilla, PRE ‐ ‐ <3.0 

22 Male 70 Adenoma of the major duodenal papilla, POST ‐ ‐ <3.0 

23 Male 62 Adenoma of the major duodenal papilla, POST ‐ ‐ <3.0 

24 Male 75 Mass forming pancreatitis 27 Head <3.0 

25 Male 36 Pancreatic carcinoma 18 Head 4.9 

26 Female 77 Cholecystitis ‐ ‐ <3.0 

27 Female 47 Tumor of the major duodenal papilla, PRE ‐ ‐ <3.0 

28 Female 69 Gallbladder carcinoma ‐ ‐ <3.0 

29 Female 73 IPMN 10 Body 3.5 

30 Female 75 Gallbladder carcinoma ‐ ‐ <3.0 

31 Female 66 IPMN 40 Head 3.5 

32 Male 71 Pancreatic carcinoma 20 Head 3.9 

33 Male 58 Pancreatic carcinoma 45 Head <3.0 

34 Male 76 Adenoma of the major duodenal papilla, POST ‐ ‐ 3.3 15 



35 Female 63 Pancreatic carcinoma 10 Body 4.7 

36 Male 63 Cholecystitis ‐ ‐ <3.0 

37 Male 56 Cholecystitis ‐ ‐ <3.0 

38 Female 46 GIST of duodenum ‐ ‐ <3.0 

39 Female 77 Cholecystitis ‐ ‐ <3.0 

IPMN, intraductal papillary mucinous neoplasm; SPN, Solid-pseudopapillary neoplasm; GIST, gastrointestinal 

stromal tumor; MPD, main pancreatic duct; PRE, pre papillectomy; POST, post papillectomy 

16 



Table 2   

US findings with GPS-like technology and CT fusion of the 39 patients. 

US findings Total 

(n = 39 ) 

Male 

( n= 21 ) 

Female 

(n = 18 ) 

P 

value 

No dilatation 

of MPD(n=29) 

Dilatation of 

MPD(n=10) 

P 

value 

Real pancreatic 

length (mm) 

160.9±16.4 165.4±16.3 155.6±15.3 0.061 162.6±17.3 155.7±12.5 0.25 

RU(mm) 41.0±17.8 45.0±16.7 36.4±18.3 0.133 42.0±18.3   38.3±16.8 0.58 

UA(%) 25.3±10.4 27.1±9.3 23.2±11.5 0.260 25.5±10.6 24.6±10.5 0.81 

PU-US(mm) 52.0±15.8 57.3±13.6 45.8±16.2 0.021a 52.0±15.0 52.1±18.8 0.98 

PU-CT(mm) 52.6±16.4 59.0±14.1 45.5±16.6 0.010a 55.4±16.2 45.0±15.9 0.10 

RU, real unobservable length of the pancreatic tail; UA, unobservable area (The ratio of RU to the real pancreatic length); 

PU, predictive length of the unobservable area                                                  a t-test   
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Table 3   

US findings in 39 cases of the pancreatic tail in left intercostal scan.Three 

types of US findings.  

Type of US findings n=39 (%) 

Observable a Identified 13 (33) 

b Not identified, but suspected 9 (23) 

Unobservable c Not  identified 17 (44) 
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