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Abstract Purpose: To investigate the relationship between US and ERCP in the measurement of common bile duct (CBD) width after application of Compound and Harmonic imaging on ultrasound. Methods: We prospectively evaluated the CBD width as measured on endoscopic retrograde cholangiopancreatography (ERCP) and ultrasonography (US), applying Compound and Harmonic US techniques, on 100 patients. Furthermore, we retrospectively re-examined US and ERCP images of 48 patients who underwent ERCP and US during the same hospitalization period. Results: The average difference in measurements by US compared to ERCP was 2.3 mm (P < 0.01) in the retrospective and 1.9 mm in the prospective study (P < 0.001). The average difference in measurements between US and ERCP in post-cholecystectomy patients was 4.0 mm in the retrospective study (10 patients), and 3.8 in the prospective study (25 patients). The difference between the measurements on both examinations decreased with increasing CBD width. There was a good correlation between ERCP and US measurements of CBD width (r = 0.73 for all patients and r = 0.88 for patients with intact gallbladder, P < 0.001). Conclusions: There is a gap between measurement of CBD width on US and ERCP of about 2 mm. The application of Compound and Harmonic techniques in the prospective study probably enabled a more accurate sonographic measurement.



Ultrasound is the ﬁrst examination in the triage of jaundiced patients. Two of the main parameters considered are the extrahepatic and intrahepatic bile duct Correspondence to: Olga R. Brook; email: [email protected]. gov.il



widths. According to a number of studies [1–3] the normal ultrasonographic width of the common bile duct (CBD) was defined to be up to 6 mm, with 6–8 mm being gray area, and over 8 mm considered dilated [4]. CBD width also increases with age [5]. When CBD obstruction is suspected, endoscopic retrograde cholangiopancreatography (ERCP) is performed for further diagnosis and therapy. We recognized that, in some cases, there was a lack of agreement between the two measurements. Although this problem has been explored in the literature [6], there is no full explanation or definition of the exact magnitude of this discrepancy. We performed two parallel studies: a prospective study of 100 patients in which we performed US about half an hour before ERCP and a retrospective study in which we re-examined US and ERCP images of 48 patients who underwent both examinations during the same hospitalization period. In the prospective study, we applied Compound and Harmonic techniques that produced images with higher resolution, which may have increased the accuracy of the measurements.



Subjects and methods Retrospective study We retrospectively re-examined the digital US and ERCP images stored and viewed on EasyAccess Enterprise PACS (Philips Medical Systems, Bothell, WA, USA) of 48 patients (22 females and 26 males) who underwent ERCP and US within the same hospitalization period between June 2000 and July 2003. Patients whose US examination was performed in other institution were excluded from the study. The CBD width on ERCP was measured in its middle third, determined accordingly to the distance from the papilla to the conﬂuence between the right and left biliary duct. In this sense, the CBD is considered the ‘‘extrahepatic bile
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Fig. 2. Ultrasonography (US) digital image of the CBD measurement.



Fig. 1. Endoscopic retrograde cholangiopancreatography (ERCP) digital image of the common bile duct (CBD) measurement.



The CBD was considered dilated when its width was ‡10 mm on ERCP and ‡8 mm on US. The Ethics Board at our medical center approved the study protocol.



Statistics duct’’, independently of the cystic duct conﬂuence site. Measurements were performed by calibrating the width of the distal part of the endoscope as a reference with Fluoroscopy System (Shimadzu Medical Systems, Japan; Fig. 1). The measurement was performed on US in the right anterior oblique position, on longitudinal scan, anterior to the portal vein, on the middle third of the CBD, equidistantly from both ends of the extrahepatic duct. Measurements were performed by electronic calipers on HDI 3000, 3500, 5000 (Philips Medical Systems) with a multifrequency (2–5 MHz) convex array transducer (Fig. 2) as routinely performed in our institution. The calipers were placed on the duct walls, thickness of which was unmeasurable in all the cases; theoretically, patients with primary sclerosing cholangitis could have a thickened bile duct, adding to the apparent diameter measured by ultrasound. No such patients were included in this study. Compound or Harmonic applications were not applied. Both ERCP and US measurements were performed without knowledge of each other. A comparison between the two measurements was done.



Prospective study One hundred patients referred for ERCP from July 2003 until March 2004 were sonographically evaluated for bile duct width about half an hour prior to ERCP. US was performed with the patient lying in the right anterior oblique position with 5000 HDI Philips US equipment with a multifrequency (2–5 MHz) convex array transducer adding Compound together with Harmonic applications. Measurements on US and ERCP were performed and compared in the same way as in the retrospective study.



Statistical signiﬁcance of the difference between the measurements on ERCP and US was tested using the StudentÕs t test. P < 0.05 indicated differences of statistical significance. Correlation coefficient (r) between arrays of CBD width on US and ERCP was calculated. The 2 · 2 table calculated sensitivity and specificity of US, ERCP being the gold standard test.



Results The results of the retrospective and prospective studies are reported in Table 1.



Retrospective study Forty-eight patients (22 females and 26 males) were examined. The average age of the patients was 60.5 years (median 63.5, range 19–88 years). The average time between the two examinations was 4 days (median 2 days, range 0–18 days). In the retrospective study, 3 patients were examined with HDI 3000 (Philips Medical Systems) 15 patients with HDI 3500 (Philips Medical Systems) and 30 patients with HDI 5000 (Philips Medical Systems) with a multifrequency (2–5 MHz) convex array transducer. Compound or Harmonic applications were not applied. The average mean difference in measurements by US compared to ERCP was 2.3 mm (median 1.8 mm), ERCP measurement being higher in most of the cases. Ten out of the 48 patients were post-cholecystectomy; the average difference in measurements between the two examinations in post-cholecystectomy patients was 4.0 mm (median 2.9 mm); in patients with intact gall-
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Table 1. Study data



No. of patients (F/M) No. of patients with/without gallbladder Mean age in years (range) Mean time difference in days between US and ERCP (range) Mean difference (mm) between US and ERCP measurement of CBD width (median) in all patients P of the difference between US and ERCP measurement of CBD width Average difference between US and ERCP measurement of CBD width (mm) in patients with/without gallbladder



intact gallbladder



Retrospective study



Prospective study



48 (22/26) 38/10 60.5 (19–88) 4 (0–18) 2.3 (1.8) 


100 (56/44) 74/26 59 (20–91) 0 1.9 (1.5) 


post-cholecystectomy



ERCP measurement of CBD (mm)



ERCP measurement of CBD (mm)
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Fig. 3. US vs. ERCP measurement of CBD width in 48 patients with (38) and without (10) gallbladder in the retrospective study.



bladders, the average difference was 1.8 mm (median 1.6 mm; Fig. 3).



Prospective study From July 2003 to March 2004, we prospectively examined 100 patients (56 females and 44 males) referred for ERCP. The average age of the patients was 59 years (median 64, range 20–91 years; Table 1). The average difference between CBD width measurements in US and ERCP was 1.9mm, with ERCP measurements signiﬁcantly higher (P < 0.001) in most of the cases (Fig. 4). Nevertheless, there was a good correlation between ERCP and US measurements of CBD width (r = 0.79 for all patients and r = 0.88 for patients with intact gallbladder). The sensitivity of US for the diagnosis of dilated CBD was 93% and specificity was 83% for all patients in the prospective study. The difference between the measurements on both examinations decreased with increasing CBD width: in CBD of less than 8 mm on US, the difference was 2 mm, and for CBD greater or equal to 8 mm, the difference
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Fig. 4. US vs. ERCP measurement of CBD width in patients with and without gallbladder in the prospective study. Note the increased discrepancy between examinations in post-cholecystectomy patients.



was 1.1 mm. This decrease in the difference between the measurements was statistically signiﬁcant (P = 0.04). Twenty-ﬁve of the patients underwent previous cholecystectomy. The average difference between measurements in the two examinations in post-cholecystectomy patients was 3.8 mm; in patients with intact gallbladders, the average difference was 1.8 mm (P = 0.03; Table 1). In 11 patients, the choledochus could not be identified on US examination; in all these patients, its width on ERCP was less than 8 mm.



Discussion Our results from both the prospective study on 100 patients and the retrospective study on 48 patients indicate that there is a signiﬁcant difference of about 2 mm between sonographic and ERCP measurement of common bile duct width (P < 0.001), ERCP measurement being higher. The difference was even more profound (3.8 mm on average) in post-cholecystectomy patients (P < 0.001). The difference between US and ERCP measure-
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ments decreases with increasing CBD width: from an average of 2 mm for CBD < 8 mm, to 1.1 mm for CBD ‡ 8 mm, (P = 0.04; Fig. 4). The discrepancy is greater in post-cholecystectomy patients, with an average of 3.2 vs. 1.4 mm. A possible explanation is that the gallbladder acts as natural reservoir; thus when the CBD is distended by contrast media injection during ERCP, some of the contrast media drains into the gallbladder, while in post-cholecystectomy patients, the CBD must absorb all the pressure. When we compare the prospective and retrospective studies, the difference between the sonographic and ERCP measurements is smaller in the prospective study (1.9 vs. 2.3 mm). There are two main differences between the two protocols: the interval between the sonographic and ERCP examinations (from none to 18 days) and the use of new ultrasound techniques (Harmonic and Compound Imaging), which improved image resolution. Time interval is probably negligible, as the average difference between the two examinations was 4 days (median 2 days). Thus, the new ultrasound techniques may probably account for the slightly better agreement between sonographic and ERCP measurements. It should be noted that, despite the differences between them, the correlation between the US and ERCP measurements (r = 0.88 in patients with gallbladder) is good. The sensitivity of US for the diagnosis of dilated CBD was 93% and specificity was 83% in the prospective study. In the literature some studies support our ﬁndings and some are not. Our ﬁndings are in agreement with Lindsell [7] and Ashton [8]. Lindsell [7] compared 208 patients that underwent US 24 h prior to ERCP, and found that the sensitivity of US for bile duct dilatation was 84% and the specificity 95%. Ashton et al. [8] performed study in a geriatric population and the sensitivity of ultrasound was 86% for detecting dilated CBD. Nevertheless, other studies reported less favorable results. A retrospective study by Salazar et al. [9] compared US and ERCP on 42 jaundiced patients. The sensitivity of US for detecting obstructive jaundice was 64% and specificity was 89%. Pezzilli et al. [10] studied morphologic findings of the common bile duct by US and ERCP in 45 patients with acute biliary pancreatitis. The average diameter of the common bile duct determined by sonography was significantly smaller (P < 0.001) than that obtained by ERCP; nevertheless, a good correlation existed between the values obtained with the two techniques (r = 0.765, P < 0.001). Finally, in a fairly recent study [11] of 100 patients the authors concluded that preoperative US may be misleading in risk stratification of CBD widening: sensitivity of US for predicting CBD dilatation was 75% when intraoperative cholangiogram shows CBD ‡ 10 mm, but only 25% when CBD ‡ 8 mm. There are a number of possible explanations for the discrepancies between the US and ERCP measurements.
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Firstly, it is possible that different points on the CBD were measured in US and ERCP. This was avoided by measuring CBD in ultrasound and ERCP at predetermined positions: with US, in the right anterior oblique position, on longitudinal scan, anterior to portal vein, and on both US and ERCP in the middle third of the CBD. Therefore the explanation of measuring right bile duct instead of the CBD brought by Davies [6] is not applicable. Secondly, measurements could be inaccurate due to inadequate placement of calipers or low resolution of the ultrasound images derived from older equipment. In the prospective study, the application of the Compound and Harmonic techniques provided sharper CBD borders, which allowed for the accurate placement of calipers; we noted that the difference between the two measurements decreased in the prospective study where the Compound and Harmonic techniques were applied compared to the retrospective one—2.3 to 1.9 mm accordingly, even though this difference did not reach statistical significance (P = 0.3). Wachsberg et al. [12] in a study of 44 patients, in which only 20 of them underwent ERCP, proposed to measure on US the transverse diameter of the bile duct for better correlation with CBD width on ERCP, as they found that an oval cross-section is common in bile ducts. Nevertheless, longitudinal scan on right anterior oblique position is a standard US practice; thus, measurement in this position is more relevant clinically. One possible problem in this study could come from inter- and intra-observer errors of measurements. Nevertheless, as there is constant gap between the two measurements, this in our case is probably negligible or cancels out. We did not control for age, even though we know that width of CBD increases with age, as every patient acted as his own control. Lastly, ERCP may exaggerate CBD width because it forcefully dilates the CBD with contrast material, while US measures the CBD in its natural state. This explanation is supported by the fact that the discrepancy decreases with increasing CBD width and is greater in postcholecystectomy patients who lack the reservoir function of the gallbladder. It should be noted that US could not depict CBD in 11 patients, in all these cases ERCP demonstrated a normal CBD of up to 8 mm. It is possible that the CBD was collapsed during US and inﬂated with contrast material on ERCP. Thus, sonographic measurement probably represents the physiological width of the CBD, demonstrating it in its ‘‘natural’’ state. When the CBD is obstructed, it becomes distended by force of bile inﬂow, and from that point US and ERCP measurements get closer, as can be seen in Figure 4. Thus, the US measurement is possibly a more clinically relevant indicator of biliary duct obstruction.
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In conclusion, there is a gap between measurement of CBD width on US and ERCP of about 2 mm, which is signiﬁcantly greater in postcholecystectomy patients. This discrepancy decreases with increasing CBD width. The difference could be explained by the forceful dilatation of the CBD by contrast material during ERCP, while US probably shows the physiological width of CBD. Thus, US is a reliable tool in measuring the true width of CBD. The new US applications of Compound and Harmonic imaging aid in more accurate sonographic measurements. References 1. Behan M, Kazam E (1978) Sonography of the common bile duct: value of the right anterior oblique view. Am J Roentgenol 130:701– 709 2. Dewbury KC (1980) Visualization of the normal biliary ducts with ultrasound. Br J Radiol 53:774–780 3. Cooperberg PL (1978) High-resolution real-time ultrasound in the evaluation of the normal and obstructed biliary tract. Radiology 129:477–480 4. Martin DF, Laasch H-U (2001) The biliary tract. In: Grainger RG, Allison DJ, Adam A, Dixon AK, eds. Grainger & AllisonÕs diagnostic radiology, 4th ed. PA: Churchill Livingstone, pp 1284– 1285
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